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— BRSO

data assimilation * “froze” analysis technique

technique always in development,
e.g. using models with higher _
resolution, better parameterization reanalysis data

¥ \

ERA-40 NCEP/NCAR
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ANSINMERIA — B4

NCEP/NCAR B9

4

N

o MEERDR

A (strongly influenced by observed data, hence, in the most
reliable class): geopotential height, T, u, v...

B (although there are observational data directly affecting the

value of the variable, the model also has a strong influence):
relative humidity, w(vertical velocity), lowest level u and v...

C (no observations directly affecting the variable, so that it is
derived solely from the model forced by the data

assimilation): radiation fluxes, surface heat fluxes, cloud forcing,
precipitation rate...

D (fixed from climatological values and does NOT depend on
models): surface roughness, surface geopotential height...

RIRZUM: o5KiF
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DJF mean from 1980 to 2009

Question 1

Presaure {hpa)

5.P. 605 405 205 EQ 20N 40N GBON  N.P.

" BXE, RXE s

MAM mean from 1580 to 2009

[ o
< 400" - A
— S(Tj;ﬁﬁ)f'—:, IF)?IEE § 600 -
o 800
| Bﬁ é% }g H’\J ,-Ij_x\’{‘t 1U°£.P. SEIS .. 405 208 E.Q. 20N 40N BON N.P.
JJA mean from 1980 to 2003
« KT, BEEH :
T
—_ N -
- EPE: UE, BE, BRESES
ot ;ﬁ 1005‘9.P. GUS 4-05 205 E.Q. 20N 40N 50N MN.P.
SO0N mean from 1580 to 2008
- 5B EHIITE .
g
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}Eiﬁ — Z$ r‘lﬂi‘ NP DJF mean at 1000 hpa from 1980 to 2009

Question 2

EQf
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Question 2

DJF mean at 500 hpa from 1980 to 2009

NP
60N

30N

220
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JJA mean at 500 hpa from 1980 to 2009
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NEINRELIAR — D AE

Decompose a field in both time and space: (the results depend on whether
we average in time or zonally first.

Il = [(fo] +o*)([T] + T*)] = [][T] + [v*T"]
[

transport by the transport by the transport by the

steady mean transient mean spacial eddy
meridional meridional circulation
circulation circulation
—— - E——— e,

Alternatively, | [0T] = [0+ o )(T + 1) = [oT] + [0'T]
| = [([p] +o")(T] + T7)] + [v'T"]
)[T] 4 [0"T"] + [v'T"]

| transport by transport by
\_ statlonary eddies tranS|ent eddles

RIRZUM: o5KiF



= ShERamiE:
o iREIEE
o FRE®=E
" ZEINRARS (GEFIYIRR, zonally

averaged circulations) :
o Hadley 3
o Ferrel B}, 2. BREE(ER

" GEMRAESA (non-zonal

circulations) :

O  Storm tracks
©  Monsoon
o  ENSO and Walker circulation

" FRIERENRSHTERN
" EEEATR TRARSHR
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Iongwave radiation

shortwave radiation
< TOA
Re‘lecied Sola | O
Viof\ Reieceason M/ rene 23 [ Ougong
\ S ‘-2’ Radation Radmbon
\ l 342 Wm™2 / 235Wm™
Reflected by
Clouds anc ’ 40
energy
budget
3249
Back
Radiation
Foare®) ,:-_'—-"" = TS, :H& 324
Ahermals Eva Surface - (+5)
2 Db 2 tfan;p::tlon Radlatlon Absorbed b
SR < surface

f’d-igi:roed

sensible heat latent heat
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From the solar radiation...

At TOA

EFBE Tog-of-Atmasphers SWINC
T i B0 2 2 N f
7 = ABEM MAAN | SN
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From the solar radiation...

Incident solar radiation 340 W/m”2
SW ~ LW
Planetary albedo 0.3 <€ TOA
Absorbed solar radiation 240 W/m”2 5(1 — oz)
Outgoing longwave radiation 240 W/m"2
Table: globally and annually averaged TOA radiation budget
Absorbex] selun wdialbnn (240 - 176) B4Nm?
Nel armilsd leneslial @ d.dw.lul- 290 + /3) 187 Wnrt
Absorbed solar (SW) 176 W m Net acifve heato 1eWT ¥budget
I wien! haal inp! TN mrz
Downward infrared (LW ) 312 W m=2 .
%lwl |H IHHI mpul ?4 N mz
Upward infrared (LW1) -385 W m2 e PN TR '
Table gIobaIIy and annually averaged
s lOWAVE (L) s e atmosphere energy budget
i Net radlatlon (SW + LW)
Latent heat (LH) 3
SensbleheatSH) | 24wmz g3 SW(net) + LW(net) + LH +SH ~0 < surface

Table: globally and annually averaged surface

energy budget RREUM: 5% 13



ERBE T_opeoluAl wspl ege Ned Racliation
1w« ' i .
20 4 TS AN “\
10 4 L /,-' \\ ",
N _s-warming>
. coolin \coollng_
20 4 h ) S
120 -~ 2 e Bppinal Dot 5827 e
I DJF B5 87 v
. E— 1A 87

150 ot «®

o 20 W ." W £0 a0

KreXx

top 1 0

rad — 9142 cos ¢ 0P f(#)

meridional energy transport

flo) -

by atmosphere and oceans

SW LW

Atmosphere

PR IpES
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L warming, .
| \cod'ling
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[ === NCEP OT ’.'"".‘
=== NCEP AT .;' '\- -
AatmospRere 1
L J
[l - ~
' b
.’I|I “ -y
See=TTs - "'.. -
A - , E
ocean ]
; 2
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W, I f ( ¢) ]
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‘s Lotitude N
Wunsch (2005), J. Climate

SW LW

Atmosphere

PR IpES
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1 0

Simple energy balance
climate models

top _ SW LW
rad = 9ma2 cos ¢ O ()
Atmosphere: ) 5
Flfr L B + Fsy =
o rad TLLH T LSH 2ma’ cos & a¢fA(¢)
/\ a
Ocean: 1 ; tmosphere
FC _ Fry— Fop = .,
rad L SH = 9ra? cos ) 8¢f (4)
e T S
[ === NCEP OT -~ ] ada. +
[ =+=:= NCEP AT o "N -
- ‘; f(@ AatmaspRere ]
% 2.— ;’I‘-."-.\fA( -
E_ o: ..!' Yemeal ]
5 ,F ocean- E
: % Jo (gb)' f
- s X, .i’. Otal -:
_E: ||||| - o J
80 60 40 < 20 Luf;?d 20 . 40 60 80

Wunsch (2005), J. Climate
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Simple energy balance
climate models

SW LW

Simplest models in which the interactions between
radiation and dynamic heat transport can be considered.

Assumptions are made below:

One-dimensional, only latitude dependences are considered;

Atmosphere
Global energy budgets are assumed to be expressed in Tsur; Osphe

Only annual mean conditions are considered;

T (1) =R

C———= = solar radiation — infrared cooling

ot

—divergence of heat flux

x = sin ¢, where ¢ is latitude.

Surface

8T(x,t) _ Ftop _ 1 8

¢ ot rad  9mrq2 %f(a:)

RiRZUm: ki 17



zox| Simple energy balance
o climate models

0T (x,t
(z,1) =  solar radiation — infrared cooling SW LW

—divergence of heat flux

x = sin ¢, where ¢ is latitude.

Atmosphere
solar radiation = Qs(x)A(T)

s(x) — latitudinal distribution of SW, whose integral from AL pES

the equator to pole is unity

Cang’ ) = Qs(x)A(T) - I(T) + F(T)

In equilibrium,

Qs(x)A(T) — I(T)+ F(T) =0

Surface

RiRZUM: skiF 18



#@z| Simple energy balance
S climate models

In equilibrium,

Qs(x)A(T) — I(T)+ F(T) =0

In real atmosphere: I

Surface

RiRZUM: skiF 19



Simple energy balance ﬁ

climate mandoele

1_

The snow line case: 0.8

(1+ £)(A+ BTsnow) "

%I_(xs) T S(ajs)aTw |

Q(ajs) —

If C is nonzero, .

0.9~
0.8~

The destabilizing effect

0.7

of heat transport 06
x” 0.5
There is a minimum value 0.4}
of Q, below which the 0.3
climate will unstably 0.2
proceed to a snowl/ice 0.1 ,
covered earth. 8o '

| | |
1 1.05 1.1
Qc/Qo Q/Q,

RiRZUM: skiF 20



= ShERamiE:
o iREIEE
o FRE®=E
" ZEINRARS (GEFIYIRR, zonally

averaged circulations) :
o Hadley 3
o Ferrel B}, 2. BREE(ER

" GEMRAESA (non-zonal

circulations) :

O  Storm tracks
©  Monsoon
o  ENSO and Walker circulation

" FRIERENRSHTERN
" EEEATR TRARSHR
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»| Hadley Cell
& - Observations

Summary (/\Z5)

Temperature field: the equator-pole temperature gradient is much
smaller than the RE temperature gradient.

Wind fields: meridional winds strongest at tropopause and
surface; vertical velocity strongest at mid-level of the troposphere.

Jets (zonal winds): strong subtropical jet at upper level with its
maximum in the latitudes at the edge or just poleward of the
descending branch of the Hadley cell; surface winds-easterlies
near the equator and westerlies in the extratropics.

Strong seasonal variations: in summer or winter, Hadley cell
always appears as a strong single cell across the equator with the
ascending branch in the tropics of the summer hemisphere.

RIRZUM: sKiF 22



Hadley Cell

- Theories
Held-Hou model (1980)

Make assumptions: (Vallis, 2006)

Tropopause

Angular momentum conserving flow

>

Large zonal flow aloft

the circulation is steady;

the upper branch conserves
angular momentum; surface Warm Cool

: ascent descent
zonal winds are weak;

the circulation is in thermal wind
balance.

Frictional return flow

Weak zonal flow at surface

Ground

Equator Subtropics

Latitude

RIRZUM: oKiF 23



Held-Hou model

-Angular momentum

The absolute angular momentum per unit mass is

M = (Qacos ¢ + u)acos ¢

Due to earth’s Deviation from

solid rotation the solid rotation
D 1 Op
— M = ——— F
Dt p O +acosgFy
In an axisymmetric flow ([M]=M)
D
— M| = acoso|F
—[M] OLF]

In an inviscid (frictionless), axisymmetric

flow, the angular momentum is conserved.

a is the radius of the earth

a COS @

¢

a

RIRZUM: oKiF 24



Held-Hou model
-Angular momentum
(M= (Qa cos ¢ +[u))a cos ¢

At the equator, as the parcels rise from the surface, where the
flow is weak, we assume that the zonal flow is zero there.

Then, what is the Um at 10, 20, 30 degree?

Answers: 14, 57, 134 m/s, respectively

Combined with the weak surface flow, this

indicates strong vertical shear of the zonal
wind.

RIRZUM: oKiF 29



Hadley Cell (review)

- Theories

= Held-Hou model (1980) Meet the $odel (diagram)
Conservation of angular momentum

O Angular momentum _
conserving (axisymmetric) Thermal wind balance

Distribution of temperature
a COS @

Latitude extent of Hadley Cell

Strength of Hadley Cell

Weak zonal flow  pyjstribution of upper westerly
at surface

(due to friction)
Distribution of surface winds

Zonal flow is balanced
(thermal wind relation)

IR 5KIF
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Held-Hou model (review)

-Summary

6 (FROM EQ. N12))

Distribution of temperature constrained by the conservation
angular momentum and thermal wind balance.

0(0) —O(¢) O2%a?sin*¢ Smaller than the

VERTICALLYSAVERAGED
POTENTIAL TEMPERATURE

b ~ 20.4°

...... 2 o
o, ~ 2gH cos? ¢ RE temp gradient 6, 1 Tghala(sing)
Extent of Hadley Cell: 5 gHAR\"? eGUATOR N o
b = 592—(12 LATITUDE
16
Strength of Hadley Cell:
(gH)3/2 AE]}/2 14k
GJZQ?’TAV 12
s 2
s Sin " I
Upper jet: [’U,] — Qa ¢ = UM 1-0/__ZO:TALZ::1|ND
cos ¢ .
Surface winds:
6
Cuf) ~ - B LG (0 VT 100N T (0
Y - 18 a3QS7.AV (]5]_[ 3 qu 3 ¢H 4 —{.2
3 1/2 2
surface easterlies b < (?> b ' 1!

AT Z=0 ——.127




b BB RS

- Ferrel cell, baroclinic eddies
and the westerly jet

BRFI: REFE



Observations

= Summary:
= Zonal-mean flow:

= Ferrel Cell: an indirect cell centered at 40-60 degree, with
strong seasonal variation in N.H.

= Westerly jet: surface westerlies centered at 40-60 degree

» Eddies: transient eddies are dominant with stationary eddies
only obvious in N.H.

= Kinetic energy
= Momentum flux

= (Sensible) Heat flux

BRIRZUM: oK+ 29



The Ferrel Cell

= The balance equations:

Tropopause

>0
i ot p
Boundary
fv ~ 'rﬁsurf > 0 Iayer
Ground

_ Subtropics Latitude _ Subpolar.

RiRgm: aF 30



Baroclinic eddies
- linear baroclinic instability

Conclusions:

Necessary condition for baroclinic instability: PV gradient changes sign in the interior
or boundaries (Charney-stern theory), according to which the midlatitude atmosphere is baroclinic
unstable. Different models. i.e. Eady and Charney models have more rigorous conditions.

To

N in both Eady and Charney models!

Growth rate: g = k¢, ~ 0.3 A

Eady number/Eady growth rate

. . (NHNTU fo
Most unstable mode: k.. o« L;'= ( 7 ) Eoax X AﬁN

Eady Charney

RIRZUM: oK 31



Baroclinic eddies

® From linear to nonlinear

Fe=======ssm---- , ~Linear Reduce the zonal flow

: Basic flow , process temperature gradient;

: or : stablize the lower level

: Pre-existing flow : stratification; enhance the

; (without zqn_al variation | westerly jet

» and baroclinic unstable) :

¢ Small 1 Nonlinear
perturbation | /interactions
............... R

|

Equilibrated states between
the adjusted zonal flow
and baroclinic eddies

Perturbations

grow with time
(finite amplitude pert.) !

Eddy-mean interactions
(Adjust the zonal flow)

----ﬁ---

RIRZUM: sKiF 32



127 Baroclinic eddies

- E-P flux
= |na QG, steady, adiabatic and frictionless flow:

= Momentum equation:

= Continuity equation:

= Thermodynamic equation:

1 a kK
vl =75, )

Define Eliassen-Palm flux:

0 ] s ]
w1 =5, (o) =i s, K

RIRZUM: oKiF 33



E-P flux, TEM and Residual Circulation
- Summary

= EPflux  ro _pe; +fa[?91 ?a]p

= In a steady, adiabatic and frictionless flow:

10 . .. 0 [ 0] o
~ gl =5 (or5)  V-F=0

FE ) Lol
o r v
* FocA —» 5V =0
= Residual mean circulations:
=t 3y (arar). 8170135 (o)

= TEM equations: 24— @+v.-F+(5) W@ (2) " Q)

k

RIRZUM: skiF 34



Baroclinic eddies

adiabatic flow

- TEM
~ [v* 0] o
w _ w i Case 2: Observed circulation
- m
00, /0p | | L
| summer i _— winter |
] ) . < 350
= [In isentropic coordinate %
D 5, Do =
- = . - E
Dt 5t T Vet o ag 8
Tt Y 2 590
©
zero for [=
Q
O
a

The Ferrel cell in the

. . . . 250 . : S
isentropic coordinate is -60 30 0 30 60
essentially reflect the Latitude
Residual Mean Circulation. (Fig.11.4, Vallis, 2006)
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In the vertical direction:

- The westerly jet

Wave energies:
propagate upwards and
away from the center of

the jet
200 i \,/’ r:’—-:—:-;—~:\;: I\S l:\_—______’::: % —§‘~\__\
Convergence — N AR RS e
S N R O o I A T AR
®© ! TRTATA A A -0,
- : e : B Ul N IR Y R 0 B
Accelerating the lower jet < | ' *7,§ T?\T %T’f
decelerating the upper jet oy v X ¢ 4\/,1;,———“* T
reduce the vertical shear of U L to
800 - o M [ t \,
. /\
Divergence — < % 5’ .
1000 —<—— < ‘ ) ‘
10 30 50 70 90
Latitude

RIRZM: oK+ 36
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Eddy-driven jet:
- the momentum budget
[v*6*]

k

Wave energies:
propagate upwards and
away from the center of

Rossby waves

break & dissipate =~ Momentum the jet
divergence
.. M t e — -
Stiting = MmN g equilbrium: | £ = CgA
Rossby waves Momentum ) . .
break & dissipate dw;rgence T[usurf] ~ _(9_3/ < [u v ] >
0 0
— < [u] >= —= < [u"v*] > —r[usu] There MUST be surface

westerlies at midlatitudes.

< > means vertical average

RIRZM: sk 37



E-P flux and the eddy-driven jet
-summary

——k

* Numerical results and observations: eddies generate in the lower level,
propagate upwards and away from the eddy source region.

Olu] _ -
W_f[v]_FV'F_F[Fx]

* Accelerating the lower jet, decelerating the upper jet, reduce the
vertical shear of U

* Momentum budget indicates that there MUST be surface westerlies
in the eddy source latitude.

RIRZM: sKiF 38



\& )] Energy cycles
< in the baroclinic eddy-mean flow interactions

Zonal mean and eddy components:

Kinetic energy (E18E): Kwm = % ([u]2 + [v]2) Kg = % ([U*z] + [U*Q])

Available potential energy (5 LEE):

Py = %pr (7] — T,)? P — %pr[T*?]

Tendency equations under the QG assumption:

/Kdm = —R/—dm+/(qu + vF,)dm

%/Pdm:R/£dm+/r<T—Ts)<Q—Qs)dm

P Q - diabatic heating

RIRZUM: ok 39



\& )] Energy cycles
< in the baroclinic eddy-mean flow interactions

= Equations under the Quasi-geostrophic assumption:

%/Kmdm = —R/ [w]p[T] dm + /[u*’u*]%z]dm*' /([U][Fx] + [v][Fy])dm

o [ meam=—r [ Ean- [ Sam+ [ @ rz + ot Fan

%/Pdm:R/%dm—i—/F(T—Ts)(Q—Qs)dm

9 [ uam=r [ I 4 1, / 07 A i + [ 1@ - 1)(Q) - Q.)am

ot P Y
a/pEdm_R/ ; dm cp/P[vT]ay dm + [ T[T"Q*]dm

RIRZUM: o5KiF
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\& )] Energy cycles
< in the baroclinic eddy-mean flow interactions

Lorenz energy cycle: 0 PE. —)r}ZE-.
Rl
p
0P |f PuEvi > O K
G Py )| —| =D (k)
ot ot
< Pg, Py > Lorenz | < Kp, K >
energy cycle "
cpl[v* T ]ig? 9y ¢¥ %y][u*v ]
oP OKE
G(Prk) —| — | 57| > D(K&)
Ot ot
< Pp,Kg >
W "]

D

RIRZUM: o5KiF
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Baroclinic eddies

Westerly jet and energy cycle:

O Py 0Ky E
ot ot
< Pg, P\t > < Kg, Kvm > g_
ch[v*T*]aa[Z] %[Z][u*v*] ..%
at < PE, Kg > 8-[;

Eddy momentum flux
grows, which extracts
kinetic energy from the

Numerical results from eddies to the zonal mean
Simmons and Hoskins, flow, then the growth of

1978, JAS the eddy energy ceases.

i
n

£
5

- baroclinic eddy life cycle

N
I

3k CAz—A)/

.......

40

30

time (days)
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E=I14+d+LH+ K

70.4% 27 1% 2.5%

/\
4 h

However, only 0.5% are
available to be converted
for the general circulation.

0.05%

\_ J

Meridional distribution

i
g
n
o

i l I 1 I Fl
~ A continuousg

BN decrease with
—*

25

24

23

1

22

20

40

60

80N

(Vertical averaged, PO

EQUIVALENT ENERGY SCALE (103Jkg™!)



Distribution of each component

Total energy:
The available

energy. ' ' i . ' ' ' ,
E=1+®+LH+K \ o

70.4% 27 1% 2.5% 0.05% \ Note: Pm|{depends on

the selgction of Ts
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Distribution of each component

Total energy: PR ey Y, (] ]
E=I+®+LH+K ; \::: 1

Vertical distribution:

Total energy:
decreases with height.

The available energy:
PE: peaks near
tropopause and surface;
KE: strongest at
tropopause.

PRESSURE (db)

(10° ] m-2par)

RIRZUM: 5K+ 46



The budget equation of water vapor

(%)p:s(q)th s(q) =e—c

Integrate above equation vertically and over a latitudinal belt:

Atmosphere

120

100

80+

60

40

20

4
X g4

=20

40+

-60F

-80 x BAUMGARTNER AND
REICHEL (1975)
100 . 1 . 1 . Converaence . . . | .

= 20 40 60 80N

20 0
of water vapor

Surface
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The energy budget

From the momentum, thermodynamic Orap + Op ~ _gaﬁp(ﬂad b Fy)
equation and the water vapor budget:
a Ps d Ps d
&/ (ch+gz+Lq+K)—p = —/ V-V(cpT+gz+Lq+K)—p
0 ) 0 g

dp

Dbs
SW +/0 (Q + uFy +vF,) m

LW

After simplification and zonal average:

Ps Ps
Atmosphere 9 / (¢, T 4 Lq + K] dp _ _9 / [v(c, T + gz + Lg + K)]
ot Jo g 9y Jo

+[Frad]top - [Frad + Fsh + F1lh]surf

Total
energy = Energy transport:

- v(c,T + gz + Lqg+ K)
rad
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Summary:
distribution, budget and transport
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Summary:

SW

LW

Atmosphere

distribution, budget and transport

Energy transport:
v(cp,T' 4+ gz + Lg + K)

r

Similar meridional
distribution;
different vertical

\_ distribution

Transient eddy
dominant
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Two storm track zones in N.H.

Fig. 7.9. The tracks of low pressure centres over the North Atlantic for the period
December 1985 to February 1986. The shading indicates the region where the high

frequency ﬁl/z exceeded 90 m in the ECMWF analyses for the same period.
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Observed features

Summary:

Structure: zonally located in the north Pacific and Atlantic, with the
mean flow baroclinicity, jet, eddy activity, eddy heat and momentum flux
in different zonal distribution.

Seasonal variation: different variations between the Pacific and

Atlantic storm tracks; for the Pacific storm zone, mid-winter minimum
observed.

Inter-annual variation: Pacific storm track shifts equatorward and
downstream during El Nino years.

Decadal variation: variations in intensity occur in both storm zones,
with the storm tracks in the 1990s stronger than in the 1960s.
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Storm track dynamics
- from the baroclinic eddy life cycle

Baroclinic eddy life cycle in time:

Relatively small - Finite amplitude Barotropic
y -—-’ Baroclinic growth ——-) perturbation -—-) decay

amplitude pert.

Storm track structure can heuristically equate with an eddy life cycle in space:

Upstream end: develop in space and time Downstream end:
perturbations are decay stage of the

introduced and eddy life cycle.
/ (exit region)

begin develop. ™~
IR 5KF

(entrance region )
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Storm track dynamics
- Transient eddy energy budget

For storm tracks, define a total transient eddy energy:

E = Krg + Prg = 1(’u/2 + v'?) 4+ C—pF(T/Q) — l(u’Q F02) — am 07
20,,, 065 /0p

2 2 2

Transient eddy energy budget:

oF m V' : :
= =V VE+ Vi) + (;‘m aevs/ap VO -V - (V- V)V, — diss + diab
. baroclinic barotropic DK (P
advective energy flux generation conversion () (Px)
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Storm track dynamics
- Transient eddy energy budget

e) energy flux The role of energy flux: version
T redistribute energy fromthe /-
region where it is generatedto ..
downstream regions, extending
storm track in the zonal dlrectlon

Strongly compensate the baroclinic conversion term in the entrance region.

f h I 2002 s s
rom Chang et al, JC, 200 YBT3 56



Introduction

Geographical Extent of the Global Surface Monsoons

ans 180

The r2d, green, and blue arcas incicale the tropical, subtrogical, and le rnpcratclﬂgid mansaons,
respectively. Thered anc blue nick ings representthe TCZ o summer and winkr, 'OSOMNOW.
(L, J.and Q Zeng, 20051

65% of world’s population
lives within monsoon;

Monsoon precipitation is
crucial to the life, food
production, economy et al in
these regions;

Proper forecasting of location
and quantity of precipitation
is crucial to theses regions.
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Observed features

Summary:

A monsoon climate is characterized by the obvious seasonal reverse of
wind, precipitation and atmospheric circulation.

From a global view: south asian monsoon is associated with the seasonal
migration of ITCZ and Hadley circulation, which also plays an important
role in the global meridional moisture and latent energy transport.

South asian monsoon exhibits obvious sudden onset, with the low-level
winds and the whole monsoonal circulation built in two weeks.

Intra-seasonal variation: show periods in 4-5 days, 10-20 days and
40-50 days.

Inter-annual variation: Relatively weaker precipitation occurs during El
Nino years.
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Monsoon dynamics

Land-sea contrast
thermal contrast: strongest heating over subtropical land
moisture advection: provide precipitation water
Orography
Thermal forcing as an upper level heat source
Mechanical forcing:

a local precipitation enhancement
a widespread barrier of cold, dry air
GCM results

strong seasonal heating due to the small heat capacity of the underlying surface seems to be
crucial to the formation of monsoonal circulation; monsoonal circulation is associated with the
eddy activity transition;

the special topography of south asian reinforces the monsoon, especially by protecting warm
and moist tropical air from the cold and dry extratropics

thermal heating from the south slope of TP suggested strengthen the monsoon
Monsoon variation in timescales as intra-seasonal, inter-annual scales needs

further studies BT sk3E 59



Introduction

High
tropospheric
isobaric
surface

Low
tropospheric
isobaric

2|  PACIFIC

surface

ATLANTIC

OO

180°
Longitude

OO
(Adapted from Webster 1983)
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Walker Circulation
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1 El Nmo Condltlons

La Nina Conditions
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_ @

#8%| ENSO and

Walker Circulation

El Nino years:

Raising motion prevailed at
almost all longitudes with a
peak in central pacific.

La Nina years:

An enhanced Walker
Circulation.

Adapted from Lau et al, 2002
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A summary from the AMIP | results:

Ensemble mean shows that the average large-scale seasonal distributions of pressure,
temperature, and circulation are reasonably close to what are believed to be the best

observational estimates available;

The average large-scale distributions of pressure, temperature and circulation shows

relatively large intermodel differences in high/polar latitudes compared to low/mid

latitudes.

The large-scale structure of the ensemble mean precipitation also resembles the

observed estimates but show particularly large intermodel differences in low latitudes.

The total cloudiness, on the other hand, is rather poorly simulated.
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A hierarchy of GCMs:
From idealized model to full GCM

An example for using hierarchy of models to study the role of eddies

[ &)

-
N
&
"

D s

Quasi- Multi-layer
GFD —— Box model — geostrophic — modified QG
model model
- . Yo T
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Botto
YN+ T

12 Apr 84

)
..........
141}

Idealized GCM
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