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Motivation

Tropical processes strongly influence midlatitude weather
processes in the medium-range and longer forecasts

At the same time, analysis uncertainties and short-range
forecast errors are largest in the tropics. They are shown to be
associated with both balanced and unbalanced circulation
across all spatial scales.

Little is known about the impact of the tropical analysis

uncertainties on the growth of forecast errors in the mid-
latitudes.

Perturbations in diabatic heating in the tropics have long-term
impact on forecasts of the midlatitude circulation. We aim to
quantify the role of unbalanced component of the large-scale
circulation response to these perturbations in the tropics and
their propagation outside the tropics.



Experiment set-up

o The model: ICTP AGCM (SPEEDY), version 41, T30 (Molteni 2003, Clim Dyn;
Kucharski et al. 2006, Clim Dyn)

. Experiment set-up:

Continuous unperturbed control run for 32 years

Every 15t January from the third year on, the model was restarted with continuous additional

heating perturbation, and run for 3 months. 30 ensemble members in northern hemisphere
winter.
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Heating perturbation from Molteni and Kucharski.

Daily means were analyzed with MODES decomposition.



MODES decomposition

Physical space (x,y,z,t) —> Modal space (k,n,m,t)

A A
z m

Balanced (BAL) and
inertio-gravity (IG) motion

uv, T, q, p;

variables n_~(eastward, EIG and

. westward, WIG) modes
X k

« Circulation is split in balanced and unbalanced components defined in terms of
eigensolutions of the linearized primitive equations.

« The balanced part consists of the Rossby (quasi-geostrophic) waves. The unbalanced
part projects onto the inertio-gravity eigensolutions that propagate eastward (EIG
modes) or westward (WIG modes).

. Inertio-gravity modes — unbalanced modes (UBAL)

http://meteo.fmf.uni-lj.siiMODES




MODES decomposition

http://meteo.fmf.uni-lj.si/MODES

Products~  Software  News  Papers People~  Download

e ]
28.11.2016 00 +000h

10°F IG = 8% -
h BAL= 92%

>

(@] .

S

2 o't

m -
Modal view of atmospheric circulation ©

o

-
(=)
=]
Tt T

MODES focuses on the representation of the inertio-gravity circulation in numerical weather p
ensemble prediction systems and climate simulations. The praject methodology relies on the ¢
circulation in terms of 3D orthogonal normal-mode functions. It allows quantification of the ro
atmospheric varibility across the whole spectrum of resolved spatial and temporal scales. 1 0-1 -

MORE ABOUT MODES

-2 1 1 1 1 1 1 1
1073 2 3 5 7 10 15 25 50 100
Zonal wavenumber k




lor &

in co

Geopotential height

perturbation (m)

wind vectors (m/s)
Unbalanced part

TTIITIRY
SA ks u g Pyy b yusAETTAL T T oLtV

[T E L R

Ao AAAARa 4 WP IREEE L T AR RV
LR R R R

R AR I e R PPN e B

CR X

Fewqwrraypbs ooz dasdan,
R MM AP T I AARRTTT e <
® e ivTany
LR B

S A PPTERERERE " TESEEL AR

% v
)
A b L i
TR S Sy g pasERRe e
\1aaAc$4¢»asev>»vnsxx«»rAA

/rv»aeAa>nA4y4uvqu;ALv4
e,,...t\u.wv»(rv?.x.:,_ LA

eyl

BLaveg e T Ty IR AL csls
B Er e erT T e yaY Y oo

pix\\afﬁ«4\%0;?3.5.1.: [
EE/ B b YN v A

ddagttan
. CX TN

s
-
Q
-
<
-~
>N
o
©
=1
o
L
o
(o]
™~

.H.as Ty raaaTac
g aah&&,.‘»a;»»c*

H//Vl.\m\f TrAqwwrs

?Va\?;x Fd gy rhdrrraa
VMBS INY |
\Lﬁxsvvaﬁﬁn»v<c>> >94
1

AV g
Fobpgy
by W rmndtagaas

<«
rﬁf ARt Ao aas
X AA:..@;

rwsA $<

nn«Vv»xv>v;¢vﬂ EE R IR B

FALA I A sy

Y

:
%
BOW

A e YT TS SRR A A L gy Lk

180

120w

120E

BOE

A:vn\.\ RN R e i

b SAe L

= < wr )
[} & (=)
Lol w

BON
30

T,
O
Q
-
Q
O
0
i
9,
LL
Q
O
=

Balanced part

14 18 22 26 30

10

—14 —-10 -8 -2

-18

—26 -22

-30

200 hPa, day 14, UBAL

200 hPa, day 14, BAL

4
Famorlarghsr

A
"

: CraaTEYF YL

THTERE Ay

CssaEEy
Y b E g AL peTT >
R P PP
R EE T Py
PV LbryyaTET
PV wvdAy pr av

2od ANy kg

PEA T
Ay
dreeayada
VVhekwdaray
Wi wd add
e e v v
Fra T RANLd R Lol b
TAAFTERA CLCAR Y gy R

R R T
BEMAR by bk E N R
raaT I Ppeee e 2 paa
bbpaaadbrene ¢ edadd v

Prwrraeh KRRy Ly dus v

WY WL E U RE R AV
Fv g A e g e g

AR AR A ey B gy

2 vt»»«y.,rkks.\.«‘\eéx‘;;.l.:7»r»«

gayssvrLvbLiabdaa
R T
ST anamaqag ancd
AaaaTarE ey AL

ETrAAAARAEEEA
PEATAANNA ST TR
EEETEIPPINEN
AAMV VY Y Lol 4R Le
SAMVEL Lo LRz aa L
A Ir T s <
[ N
L R I M)
ek vELY Y bEsd o
ANy g <<t ciran nd
<..1v>777..>).:_.‘>‘_©,_
v

Elaaaatir pagq Tt

TTRAAANAND TAAAT

s aed 3 AN NN VNN G g ok

:;ﬁf::

Y vVl asaa nTe
LA A m EPY
passaan Vi

A npaANNY Eog

BOW

120W

180

RS SO R ANPAAAAA Vil g
Cadef b vty va_:_qaqL(_,.pnA.m
PN RIS RO Teceersapa(dvy oo —
R Ay..,u»viv Receerrraidsarafovs o
B TR . ) aaﬂfﬁq44>v“;g<c<4cuavx
cir i in g cry ey 4 LU RSV N
caqlysrs enceir vra sHAREEAI N K (L Livv vy e detag .
s PR RY e #M\Nanwswa.\ [ OERNAD T
o VA Ve RN SR SO
LN ) w
v R PPN W, S L Ty T T B
N 4 A sty s ray g tbvvidiayyad D
ey TRV SRR
4 VvV a
4 bhvdvaad
" DR YRR RN
Y vy eda v
- wievalasay
T T T T T o
=z =z < w wr
< (= L = [
O ] o) ©
TTYTEY =
cevaal s
T Sl yuAEATAARY Y C 3z
Yy aAAas A Fpgserdanaddcerryocysddusa
vtn11444<1mv¢‘¢;earaVJVu;t<rvyrvvv\.LLL R
ETRRELL RS S e D EE PR PNAAE EE
bvaarrraadap iy
=
©
LCh g w ERFFEE AL A o
! Pt EEE RPN
v YAA AN T IR ARy g <o
3 Ry gy s ssorrrassrnssven
< =
% a <€ LhP T Loshv v Ay 4 =
S AR AR “ &~
“ anrrvvaeéﬁav:4>4»uv:v‘;avd —
2 \n!./A,,_./z<‘..»v..<n;asvs»w<<<tvvevh
iy
sa
2
>4
v uaiﬁéta:?.«vwvf,\f:: o
7 &\_vwxv\kkcfe4a>.wwww»vv»A._/..,q -
fﬁmxk.\x\_mrfuw» By b EE g v e
2
]
| O
o
_«&L)vﬂkﬂG “ -F\01V‘Ls(tr
VgL gy \x;a;«n.\»\»\ﬁﬂ:r..eq«
&.ra,ss)p\\\»\aﬂﬂxavscv:
J AASy
<X
¥}
<, < «41%
R4 < < Wd 4
”. 4
| o€ e P << <s A A ? AL Ay g
. CEET PR N
MR EE
EER)
gy 3
s‘;vs«&{«‘:;euﬂs.,»»yﬁvrﬁ»»v.:
o 4 s L . =)
= = < w %2}
< [ L & (=}
@ ] [ ©

14 18 22 26 30

10

—26 -22 -18 —14 -10 -8 -2

=30

14 18 22 26 30

10

—10 -8 -2

—18 —14

—26 -22

-30



TYTTTE [=] [=]
Y aaaaw R ~ LFTdeay 0y yB2PTAAAAARAARAAR a by e AR
FRRARAAPEEE TR PR RS S EE LT T PPPE PR <r4w.,v.,vv., PPN
TR T AL LR P AN Y I YT T T2 999 B L R L T T R LT L iy A I T
TETCCTCCCCN L2 2L LbyVdAARBEY»YY»PFP T T Y TECLC L IVANYIAPCC L LLLLLLLLLSTRNAN
f v bl {lcccatcsA g% srrrarrras N o "
Libleccrrargaqasaliddaaaag L) A
VYA sy aa R 4
= © =
=i & T
S| ©
a
o~ *
&N
VTP R AARSERFRE AN LR RPN =
R RERE T KecLEiccccaraTTdTTT
— T LN R T
. Ty asaasaiaiiia ] A O S I T TS T S e
| P R GG e = <+ fampy JRpY R R R T LT T LT s S oY
> e e T e R R R - - > PR LR o aaszzaasksn 10O
> « > I LAAERE LT POy «
25> 74 EER IR R I e R R AR A e — > CEERE Fe v FTALyu A gAYy —
e IS crestanyeannse s 2 O £ L ST S RN O
) = rr fubplyasreTETTIAAAANN - w | sy hu ey
n TN Gkt % T TN RARRIT T T - >
o PR I eaeae o Ol
[n'd D UL L T SN [0 SN S O R ST L v AR N
o MR s P h s I EEEE ::ﬁ;1:3::.2«_2:;37:3
o |y ek A by vy o N L ol REEE L SRR aakzaase«&.ﬁ@¢¢v4>»>—»a>aaav o
— b A A RS YR N A R e R b ek Jval -— parr auwwwl.vl%\\._.s.;v;hkgr.uffi.v.ihhx:;zaqu L 03
477> 2HIAARIIRETTARLAL AL ATk FL s J_ EER] L S SN e E s
ey P >3 arasssasirrAtta ik icecet e b A oy b € S TR F T
O N vvhbgv.vvﬂmw.\n\ﬁ%fﬂﬁﬁm« © Ol... &%&’v{{{{(im&fﬂ&»\\\\f v
(33 ERCE R £ X Vv
=4 rr | T | anqdn 3 4vt¢._k_.:@v
- - - P AR vv
a S
 —— O - O vy
a w o ool
ey -m < ey tﬁm
 — FroMeecsesnbpy — | vt any fuwrid? e s
O 23 Apppv.\dfféee @ O Anmmwfrv(‘»va IR
Q. - Q P Tibuduarnrraarrrreledd s
™ | N dblegscrprdasasdd <rrrrrfecec<
o™ < LXAITTYrRawwriblocrry s
o
| Twda 4D ALy oy p AELT TR Tr<
A AWy R AL ST IR AAAL DY w © [ o R R N UM A G ISP Y el
vm ™ VEN Y Y R T RER T Ay S R A ks gk b L SAAAANS 10.1«|W
! @ Fectiygaqaandanree
104 432xXT 32504t Pr Y>> IIAhALTT
| PR
22333335z alaanr
vw«vé«e waaaanny A
v Anavayy FUYS
Yy gaa s
e T * u u + =)
= =z < w w
< (==} L = (=}
“ © ] 5] =)
e = F
TTYETYEEY =
v A »r T X AAArepy DIy y Y NRAITAARY Y ¢t Lirad¥crrrTTrerr e TSR VY
v vwwﬂ«u.;.f_v.i, s,:.hzv,..u»v»Aqu:\;»L 4 w,*).:\:agw,,‘ TAATdMAY b Er e R R AAE T vv
Vi dsivcrveeerre sy g yadydsusbindanransdvgin B I L E R R PPN Ve
AEFXTTCCT e pa 23t bbbl Ll p g 11T Y7777 4 v
o =
bl vlraalaarrsiiig ot velie
v
z 1B g
@ | o
b
o~ e
o~ e
TP T SRR v 4 Karsdesnsatr vrranvrgoavvisis
VARETATREA R ARt S AN v wm g 4 PAdYyp AL P AN RS T IS a2 dd VY LRLLL
ey yupea»>orrraainryns v 1l a R 2 W P R D A ‘iz
F WIRT R g YA S vV s Al = =+ < ..a_»Nw.»vvaw« P L LA R P =
— a R R S PR re foerer s R TR PR oo 1=
< | IS e ] .2 S R e
a > > @l «/e<A..pv._<n.4»>vaw<<¢ — w [ T R AV ke TATEI LT AT P rdugvh ST ST F T
- 3% f I T TPRMIS L W Frorofadaasrayyyuir®frcbiraMdqr L pnsrrnnrys
o 7 :/V/ﬂ(c.m«AQﬂ@vuafﬂm.i«Aavrvr © (o] qv«q)v&qu«r;@:gxgiqa....;s,a.xrvu:—.r,_a.aA.a;\:,
— }sau T s rrey g vl s s e g OF |ros>s{cccteomens swefsrraavrvec ey us summnsrsss
- PR \u\.s;;resku.f..»vva«s)..ArrAA N EET e SR R L T OO P AP
S - o o L ol EEEER (e rzaaguuwﬁtaa‘:aﬁﬂxh ey 4 v v L < o
a — vt itre., SRR -0
© - A L1 7t —
o ' T
- |
o >t {Zlvl.w.vwg;;ﬁﬁxg Ry
o Ol it VR g €3 35T et
Dlh | T | =SSP 14 ) -
- - ~, -
b= O
o i L N
[ L ! a » W
N FS L i N
— 4 ry T o AT T «7{—
0 SRS o
wdAru gy i o s e ddauvre — 2 cpgp whd g AANTE P
AL My \_‘_.;va.»'\v\r\.vwxr..e‘( ! cace diqen prierariagpeesEEY el s aaalaanry
.wﬁ»;;\.pkv\\kﬂg/Axa_;vr; o <=z ,su»e:xkf:xx..«?:u axs>
e AA s LS 4 LT YR YU
ax
L e} A ¥}
N | & &~ B ATy T I Y]
; ) h IR Y
«r”rAA A A7 ARy d g < §>vvvvvvqu» FVIVEN
]
L LR PR Tavs. N, | "
AEEE] A
-1 i
va iy 230 v
sf;ek& PPN AEETNS 3y v
7 4 P L . ] =)
= = < wr wr = = < w W
=3 (=1 L & [} [=1 (=1 [} & (=)
o 5] o] =] o ) 5] @©

14 18 22 26 30

10

—26 -22 -18 —14 -10 -8 -2

-3Q

14 18 22 26 30

10

-8 -2

-10

—26 -22 -18 —14

-30



10N

remaining
unbalanced modes

fEr e VY bl g cEL <y

e N A

SwaViLbayyaTeTT

T T TAATTIRA TLCAR Y

P T

A

kv v By cra b Ay fadny

-
=<
a
]
<
>
T it
RS
=]
a
<
o
(=
N

be v b Ny
es 3l cN 422 s
aEd AV >

THE

BN

PRI RN PR NP
dyg BV ENCL Ly

daand s

eraad e shady cccccrgrer
X Craa T EYE O <Ay 24333g preanltr

P operrr A Vil g et TaAd A ARANTITF RS VAL

T s> crirmaqara

T AANA R L4 L bRV VAL A g

T2 R0y s 3 bt d s

e S I A A S CEE T TS

PEPAdugaysd vELblbe

FRTTEIT ANAAAAD 7 AP

Lada b oy v oy ke ocoas nfed

ERAR R g sy prATAA NN MR
TECEATALAINAILTL LT
Vv hp kv daBar A ANV YN Y Loyl 4 L4
brba by wd 244 ddN ¥ bL Lo LR 3R

R e R R

P e R VA R A R Y (A

b nsapaatasrbrces elptaccparssd ckadvibbyy bibsd

¢
R A T AT R R R R IR |

€ paa e ERASKE LA R T A A

bbb g d A rer e € 44340V e hAAAART T TAAAT
P Rl L T L T R R R e
R e SRS

L < cvifew c&tr«eef_»k.\_\u?vkw(g;&;p;\f««c.\r

b 2l Al 417»!&5@&«\«0,\&;;;;»« mLes

Ey v avyy VI adaa T

Receadrcraidssnaly
R R
FEARR k< vy v s

\,G.—,\\T;zx R R . 's E

\.\»ﬂwfw..q PRIy aaa
\\\»?;af_Vvun._\_\_

/uf?y.w Vgag bhbuY

NV vekk oferp w4t VR by vy e bbovaladay

BOW

120W

120E

BOE

EQ

T,
O
Q
-
Q
O
0
i
9,
LL
Q
O
=

Unbalanced part

Kelvin mode

14 18 22 26 30

10

—14 —-10 -8 -2

-18

—26 -22

-30

UBAL

» remaining

200 hPa, day 14

200 hPa, day 14, Kelvin

S v vdag A

SN por ANV b

I PN

Sws VeEkaaraTEw

v

dVLv,v;ﬁmmﬂw¢wﬁAu#A4‘
b fTranci¥ ool <

ﬁqzw g4 ¥ bbdaay Fia
Traad vy <

R

= 7 ATEAAATY) T
=l 5 TITAATTERA c LN

fr A ANAAAL PR PCEE <R Lix

-
<
e

«

"
<
s
<

keror zrrr744&u».‘tﬂ<\4Avv»‘__y41..>>>>>...4 TAqAT
PR D T A P N S
et b Vi ey e e 33 Eer g yagaT 2B AN YN VNN g ot

Terddaaayud vblblLakdsa
CV3EIA303 g pppaasaT A
LEr Ty Az aaaaaqr AT AN IR

LLpgeanararTrTrry Shia

AN NA

AT ALAT VIS e

VR ITa4> ANV Y Y Y Lg g
BV yyrard FLLggathana
E

e N T R
CCRAAAEYEEVELas g2
O o 2 A L I N

PATEEY eRA YV EREY Y b

FARBE N AR by kW AL R TAIAA TAT A SCEEE Craa A

ErraaT FrdBpp L€ pAAAA P RAARE A R

kv by VS v by g ad S gk TS A TR 2 JVvvv b,
k <vv e rEad phtree o b Y Hoagaaand i
L v avsai_}yi;«Arwh<¢g¢<<(¢>>>avaq
| 471/77xva=1xaux<« Wy v 1%.34;7» ¥Yoew
| .. EE R R T M

PSRN
enal N v an
<y 3 &Y ¥ VA e

PN RV TRVE AP
PRESEE S

@:v

Tavaiisrr

<3 FAps <% orrd FYAA paaa
hes bt ba srm, inaas it aaua

b Ty m iy 3ies 2 d bk Hd

>

NG I g by

AnarnpAN[YY e
AnnAanaan
St e pAN N Vg o
Leveanspafdvy oo
R S R RS R R

LSRRV VR PIVIS

Gr2 ey y r e T AR A aude s < riecyv vy pkivag

rmeew ras bhwvy v L ety 4]

ATayd> 323y by vy a2

Tresvv by bda vy

120w

:
;
= = < w w)
[=} [=} (1) o [}
<© L] L] w

r<m<<<¢<<<<4u

MYV VYV L

MM W

DRRTAYEVEVI V)

viv v
o i1
v A
e PRt

v
v
v
Lew oy

vvvy

e kY

A ag A A
iib.iii

b A
) A AR
IS A aA
A A AA
-

rAA

- o o raA

v
v
v

v

waagy e

v

v

AAAAAAANT PV “a

ARAAAANN VY VVY
SRR

vvvvyy N

YVVVYY
v gy v
A v

Febbbvvvvvvvvvvvey
A A VVVVYY YN LY
NVVY VYV YL Y Y
NWVVVVY VYNV VY Y YL

~
v
v

PR VYV YV VYV Y Yy e kb
v
v
v

v
R L L A A R KR SR RSy S
VVVVVVVVVV b v b r e s ey L,
VWV VYV VY Y b b Ll
VNNV VYV VY N Y b L L L e
VYV VYRV Y VY YRR L g g -
VYUV VY YV b b o cp ot e
VYV VY Y YR Y Y Y L
B R L N N
B xS
viv N

v
v
R VY wor ey VY
VYV v hph v VY
(((ﬁ(éé@éﬁ(\(\((((«x( N
v

VIR YTV

VOV v VY

VYV YNNY VYV Y VY

¢

ANAAAAR AN

T Al snnnnnnndanssa

EEEER!

AAAAAAAAT AT AT

EEE L]

AAATTTY T T T T T

e e P PP R R R

2ryy

o N

R R LR R LY f ey

2 VNV VYN d S ala s a s

PN
vvvvvyevddfaaas

P RYRVEVEVEVEVEV NS VRVRY R

120w

GOW

120E

BOE

60w

180

120E

BOE

14 18 22 26 30

10

—26 -22 -18 —14 -10 -8 -2

=30

14 18 22 26 30

10

—10 -8 -2

—18 —14

—26 -22

-30



)
/)
C
e
Q.
7p)
)
| -
-
-
O,
e
el
| -
O
L
7))

d to tropics

@
=

Short-term response — mostly conf

itudes

idlat

NN m

Medium-term response — Rossby wave trai

n

Kelvi

200 hPa, day 3

UBAL 200 hPa, day

200 hPa, da

BAL

200 hPa, dc¢

total

VVvvvy

vevvvy
e |=
@
vivvevy
vvvvvyy
Llepaqaay =
VNN VNV VY Lo
I3
vvvvivvvvvy -
vvvvvvvvvy
vuvvivvvv vy
vvvvvey vuvvvr vy
Vwwvvyy vvvvevvvy
Vvvwvvy vevvvvvv sl
yrvvuwvy
=}
s R R B AR § ¥
Vivvvky vy -
vvvvvly
vvyduvvuy
%
L
=1
~
w
e
@
Ry
Vv uy vy
PV v vy vy
(=}
=z < w w)
(=1 () o =]
) ¥ @
pan vy v VYV Y v vy b b EVS Y v ey v vy kv v v
vevvryyvadahavasaviivvyy e vivy ey
. [=}
R R IR A L R T e 2]
C.tZ::t:;.Afttfkjir:h IR
cdesssrers caasa iy iy e
e
R T T T R A A
pyvvese beegs
Frevedod pecx
Svvitcrzdaarce
vibsosasdieace]
(=1
v R KT o
. 2
" “rrraacerdl <o el T
Aqbaraaraney Yorreaa et e
NraAEA1aa Yrraaaar AT oA
TP PEIN TN
PAaaqaaza BT a
Adaqraaaafiaaa
2
AR EE TP
1}
a2 3=
ey sy saaaaaaifoveas ] ©
Aiaaduasala
4daadavEIa Y
svvavvvvaduaas
PRV NN
Tawvev v veasass
IR N
(=}
= = < w W
=} =] [ =1 =}
@ ) s} @
.

L P L R T "R EEEEEEE |
R B B T AR ALy § =]
A, L ot iR e e e

O A :
C g
+ w
e) R=]
o
n Va4 sy
vsalsya A
C iaagariz
# Ll
- — gy 4T T o
[}
O+ el
e et ©
3 P A
as] 7
PSS Y
v
v
sy Frce
(=}
= 2 On
(=1 f=] 2
[} . o} B
=}
R L PRI SR sy | &
Tpvrsessedis v draagae
PEET UDOONE. SR APAFG PR LY )
¢
R LS AR T
S, P L
I
arerrdrects
N CER T ]
fottananifes cvat D
vedrrandnceas] =
WWNEranalataa s
2R POPNAN
c<eriszafigann
rrardadrhoaa,
P EEL T TP
PP S
[}
R RN ST Yol
TP AR
T rraancrvvivhea,,
JUPYRRINE I
aarcerivdess g
AN g e VRS,
Annmeritrras,
R R o]
“ o

%)
o =]
=)

5 35 45 55 65 75

15 2

65-55-45-35-25-15-05 05

—7.5 —

¢

—-75-65-55-45-35-25-15-05 0

35-25-15-05 (

—7.5-65-55-45—

[ . - T [ T D I [ I N g
—7.5 —6.5 -5.5 —4.5 —3.5 -2.5-1.5 -05 05

UBAL

850 hPa, day 3,

850 hPa, da

850 hPa, dc¢

=}
e LEEVELY LM
A7 AR CE aal
B UM E MDAV T N
Cdry Le¥ra bV gy waarE gz <rd bhaa
F ) 2 tad bafaicen
N NI Lebeva
Aysaa e a3 bbvivva
ASE e =
i =
EbS Migpcengn £V
VL N VS ccbvs g v
AVl clany LereandY
AAa A Eae pESTY R Tag BVRg
A AMAAAAAARAT S g oYY Ly =
A A AR AT AR A A K A PAAT Y S AT 35
HEE S hAAAdA AN AATE TRIAT L Sapdds e —
AHENIA N A AP AAAd A RN PR an T YAV RN ool
VI Y A A b A A A R R e Sraa Ay
VAl s s VA A A A A ARARAAAA KAy by S 2V Y Lcad
YV naaf  nn s anaafannsaara s resecey ool
IV BB A SAAAAAAAAAAA AN AT EA R RAAERR RS S S o Rl
.r".>.>.,,,I.,.I>‘_Ai>>>f,‘4.,v_.z.1.,.vl<..L.z<> o
> o T 24 AN 2 A A A A FE e e bR AN K Al £ Y Y Y EBD
FAAR e Y L
AR K b i ;vnna s
grrrasa
AoRar R
TarAT AT
EER w
[N B=
Tasev g -
ARSI EIN
OEEERA e
ey Y e
aan Javervrvy o
Wgwiveors s i
W s e P, w
G ettty 2
£t g v pt
<7 Tazd < g
Aq s PR R L IPN
Ty a3 4y 2 Vb baay Al
fvaasaa vy ddiay
by &N an |
VY44 o f i g g A ma b E Y aady
- =}
=z =z < %3 %)
=} =] w =1 =]
@ ] 223 =)
D N P T P
P £ R S T S R AN | 5
L T T N A [
3‘32,22;2;w,suh.\:,.:hi::
:vf.f:f«m.? \%:..f(r:lﬁ:
[
=}
o
ul
3=
<)
N 00T e
Tisnrer e o«
gl Saasyadtay
+ 7, rix>aqAAnT
=]
= = < %3 %)
=} =] o =1 =1
w Lar] el w
. . o
o B S e A el <]
?>iimf212§§ -
La% o cegoctetacs
AiviLecesrrrre s
Fg ST
IR
T AR
Fraannan w
A Ak A m -2
TAA g aaqn -
R EE PR
AR
iy ey T s a e
R ¢
B as 50 v vy
v R
VI |
AR w
A A ]
VNP S
NP
criervivs
e crbbivay
PRIvI
[=}
=z =z =4 1723 ]
=} =] w =1 =1
w0 Lr] Lap] w

15 25 35 45 55 65 75

-75-65-55-45-35-25-15-05 05

¢

-75-65-55-45-35-25-15-05 0

-75-65-55-45-35-25-15-05 (



= =
Asaayas vribiiabana AN S
waa LUV L av VY I Ve e g
U S VY B T T TR DT v
BN T2 TR I VNV bbb h e e VAN brciinna Y Ve
TA T b e AN A AAAA AL CAAArEAn <Eraay oo 0
Q
cc PRSI § L) MANAAIAAAA
< i ved Lo AAAdA A
: L B = B E
M | Q L m
@ | @ (e
3 —
3 s o -
Ceesd crirnaa A o ANAEY AV RN a g, -
BrasT A A AN AL TeaAma Y VY BLV VYL,
S YA4GINELId a2 AN b an a4 T VNN @
a2 43rayidaNvVEVY Lo MAAMAANRAAAAD BT b
S @ . . HETISTO s B T
D R PR PO re - < A A T AN T e € Y b P 4
& &
d a e A R = o o < t77 T A N RAAANTA AEEATARARCSET 4 AA —
7 A AT RA T CAR R Ay VYV Vv vy I Y [, o = 33 A AR P I9TAAAANTLEE A AANNAY ANA ©
el _’ R I e L L T AT R P © - WV kR g Aaa A s s p et e taraasy bevil) "
- — s Mw/ PAAT FrAPE L L€ < paa rERANNE AL ¥ Ve LLLRL G NAAA N A YV VYN LYY e
el N B A L - Tt I NP % |- M rAA N TR AAAL L B VYA bt e e
. e R E R | o b SR A AR TERRAT a3 VU Tt - -
O k- PN VL E U RE R A S YR R S NN YNNG g o (=3 1 £ 5 T EA A ANARR AN A4 LAk AT RAT A RA AT -0
— © ‘::::22_.2t:::\ﬁaiif o b~ T RN S A R D Y T SO ) -
d ey t:.:Z{xfr;eu}iifli\. e PR R L L TN . Y
B O feve B A P PP © o v»,.<¢4;»a..~aaa»*\,>a77>v><r
[N R S cgatranf Ve 1 o rrrresasb it
= R A <
= rs]
i I
[a] w ! o w
(=]
(=) = + w LS
( N = - T
| 1
- — < Rececrcrciisspafons o
. LU VTP VR W « L. T @
| LTSNV A, | L . AR
. PSR ASN S v ay by e hedag L ~ - . IV —
o™ —
- — Y 7 4 A LT S ) yaa bicipvvt |
a b v ke SRR B0 125505 3% aanaFr s w w beve vk w -
& i rvyeccey, va . RN SRR KT 8 5= at}
S | - SN e PP NN AR |1 ) |
i
C el a b e Cean T Lt Ry TCRVN DRGEN o 0
L] -
4> << Waas ! X
- —
P
Q "
O V - kvy
r a = =
= = < ) %] = = o » )
el S =] v =3 =] =] =] v} =1 =1
Q0 Lrl Lol w w0 Larl Lol w
d S b e - [=] [=]
t D FPIRSg: Lo N R yunury, SIS SIS TIN A cbiedrececssche
S N r T e aaaanad () tereeemnrroosidess L ftaq vy vl s sbonah .y
- —
s dbadEE vy e <a Ny v R A Lalp L bYaS o Mabieivnnn 0
(- ... A= ° = -
re o 5= Z
'3} (2]
0 wol® =)
N ~—
Chugk <mmrrn ey N acrptecsbe oo
Ge kT T AAAA eV AR A A4S LS AdA Y T g0
x O T T @
e AN A A RAAAAR YA )
— = + — AAA FARA AR C e a by = -
H S Q < L& - Q AAA AR Vg a3 o g =
a ™~ a
o z/ryn..a‘4>:«.,4..»wuv‘ vef — o o AAANATAVE a4 AR 4y Lol —
e n P i A.t,..«:.i::ff:.;( = - aqampbickyyrrribicestecs L1l
E — vy P STl b hsL .
S <[> FBs kv sy frssene e oy © <+ TR NS "
— .ﬂvaa.¢v44»n¢ VA RBREE K e ~— Ervvariorcidiny PR
S \\3:::: P PR AN A bl PRETTT IR TR
> IS LR et ol > D T LREE e e T SR | -
(@) ) A e |2 & BESOOPRSN iSamttotormmen | =
o - o o aaaretf bt s  d e s emevyss || T
s n -
- ! - W .fow Py,
Woic s vl
7)) — o © o ol "
a 1 a 1
e m e ']
r o i | o w !
| - (= K=] - 79 R=]
& = I ® = ~
BaaATA — — 1
Yy |
Jip Aad e
o
s e uuay 2 @
| - 1 e T |
() m RN d -
PR g | !
—— LR % g w ° PR/ SIS w "
1 u L [N | S & OB GG po I = ]
. EERY N w | |
u - —
PEET I o Dy Ay b 0
d PEETT PR v NG IR N
O RN SN N sada At
e ) L R YR cvea, ot e
drapcrbvvy|ss gy s vasarinas o T NAA EY N
iima.\qnwﬂtfiit..i
~ - o o
= = ta'd w w = = w w
=] = T =3 =1 =] =] = =1 =1
o Lrl Lol w o Larl Lol w




P
o
i
O
S
—
-
>
e
)
)
O
1
e
-
©
=
=
O
X

1

200 hPa, day 14, Rossby n

n

Kelv

200 hPa, day 14,

=]
4darzaaasnnn
“ddRzyTaaaaa
CrrrrTrTECSLiibbvivadiadsyyaarny
CE T T aelltthvvalilanssryyyy
=
w
.
bhLitmrranarAARRETEEEL
PP WWNAAAS T a4 T pltE
O R N T I
€T TRATT 2 AIAAIIRIIAN cofeld
Ssaraaarreciobbbbbbbbiocy =
R T N L LR L T, -
S35 O S £ L R L T Y Y Y Vs P
ss0 R L L LR T T
D N R L L T P )
N P T Y ¥ PUPEC U
N P B N R T
prrsapvivey Y | ., NS
4 B D N e R R T |3
anzy >asrarrrrriadyassarilfieii el
P N OV AP
haa
a4
EEEE I
TR
zyad T
5oy
P
Pree FN
L DSOS PR NI
5 creccitvydaada
Sesddv b LT r A aaR Y YV VE AL
wasdl s
<L.._nD
Luw
™
cuv
cev
=]
=z =z < 1) %)
=] =] e = =1
w0 Lrl Lap w
=]
s
VY A AAAAAARARAAAAAN VYV YV VYV VY
PRAVIVRAVVIVIVI VA
Vv vy vy vk
vvvvvyvyvve vy
vevvvvvevveel
vl B
vl @
[
L.
12
o™~
LA T T TP
VVVVVY YV bbb de s
B A T TP
LUV VRV VYV Y VY Y b e o
VNNV VYV VY YV VY L
R I R AL R R R L Py
VYV Vv gy p ey vV VY -
[}
=]
o
W
. (2
A v
Pigwe SO
o

14 18 22 26 30

0

—26 -22 -18 —-14 -10 -6 -2

-30

14 18 22 26 30

0

—26 -22 -18 —14 -10 -6 -2

-30

1

200 hPa, day 3, Rossby n

n

Kelv

200 hPa, day 3,

SAsmraaaaannan
2ra3rryaaaaann
233333350940 480
NN agaaaa
34 AMAAIAN P

Ny g,

S D L R T T
R

R R S TR T TR S
€4l r ATy 2233333335222,
LELLEMYVAY g A pc YN AAA N,

ATV L Kb e £ g ARy s SV Y bbb bt g o]
R R T T DY VU GNP R DR SN
R R R T TP®
>y > a3 AAAAIAT ML LALL LSS T L P AAA
AT T T T Y AR A A Vi b bk Gl ST T R R A AL

N I;Zj:Ziﬁiilifjlli -

P R R T Lk S LT P S PP P

PR

imﬁmwi:

BOW

120W

120E

50E

VYV YV Y Vv vy vy

vVvvVVVv vy vvvuvyvvvy
VVVVYVYYYYY PRI
VVVIVV VY Yy vvvvvyvv vy

Vv
POESEY NNV NV Y Yy
Vv vy VAV VN N VY

vvvvvvvvvvy

vy vy
VYV v v
VYV VYV VYV YV Y Y v v v vy b )
MRV V VYN YV VN YN N Yy

RV VYV VYV Y Y Y YV Y vy e

NV YMNV VYV VYN Y Y Y YV e

vy R S
vvvvvvy
vy vty v

£

vyVvvvwy

AAAAaAbAa

Sy

AAANAA AL W NN PR

Aadaanan

BOW

120W

120E

50E

15 25 35 45 55 65 75

-75-65-55-45-35-25-15-05 05

15 25 35 45 55 65 75

-75-65-55-45-35-25-15-05 0.5



The role of orography

. 3 additional experiments, the only difference was that part of the northern
hemisphere orography was lowered to maximum 100 m.

- Himalayas and Tibet (no HT)
- Rocky Mountains and Greenland (no RG)

- Himalayas, Tibet, Rocky Mountains and Greenland (no HTRG)

« The question: what is dynamic effect of orography on growth and propagation
of perturbations.
No HT No RG No HTRG

. In midlatitudes the intensity and propagation of Rossby wave train are
affected by the large-scale orography.



The role of orography

Balanced part, day 14
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Summary

A novel method for the decomposition of 3D global circulation to the balanced
and unbalanced components, MODES, has been applied to diagnose the global
response to tropical heating perturbation

In the tropics, the balanced and unbalanced components of the response have
comparable amplitudes.

Circulation response in tropics is confined close to the heating source (possibly
due to the dipole structure of the heating)

The midlatitudinal response consist of the (balanced) Rossby wave train.

Removal of orography increases the variability in odd (symmetric) Rossby
modes. The largest variability appears in Rossby n=3, at zonal wavenumber 4.
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