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THE ATMOSPHERIC RESPONSE TO
TRoPIcAL HEAT ANOMALIES
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Fig. 19.7 Time series of monthly (hght curves) and lowpass filtered (heavy curves) anomalies
of sea surface temperature, zonal wind at 200 and 950 mb. precipitation rate. and
difference in 1,000 mb height between Tahin and Darwin, tor two independent
15-year model simulations. The tropical wdices are computed nsimg data for the

central equatorial Pacific. From Laua {19851



2) TUE DE TROPicAL RTSPOASE TO
CONVELTIVE  INDUCL) HEATING AMUMALIES

Q) T Uerhah Skhuchve a he excfed (Maves

ETINNY Ressby, Grmuily, ehe.) bt
Pd"o‘m.ja/tt konjm’oU? ad  verhcally,

Ry
()
As h\L Muonb/("; e f—urc.l'n_’ ~>» 3ero,
ha  verhed enery, pnpa.adm —> 32rv, joa.

. L.cw F""-quln-_c) (pmédzudgvr) unt-f‘bj
v Shemgly baged b he levels

g S .  — - o

Conveehm) is l'f'ﬁ""“hw’b o
Lid +H he (ow g‘rqqm,f} oLy
whidk Prvpga,wk ~ }'\OrtSMh%.



O cam  prove (sec Watie), (n b dropics
diabatri Mn,gjr)wn- be cl)a.tau.c.u( Closely tog

adiabahc Mhmohon (Ud)

Otntrw.se  quasiqeashophic flow wwid ke

A‘»’r\.ﬁw\.tc% u-.f)wb—&:
[ kx 559 = | €T /F]

(\)

dU
af 5_-99) ]c—‘bo - | M E_a_gfvl_)w

A
unfsfable
un less ISZ T] > e bareelinicati,
U-.l) Siace
P.T = ?_,T. WUW-OT &+ W t‘:ﬁ\-,».:r
D¢ ot T X ( R/ ’%P

ek low ﬁ(‘cquef\-c‘:t:
DT 2uN
e 5 W (h"z) = %, (3-0)

Tofjeﬂw-,w had...
Th ‘}’IA low ﬁfu(vtrwy Laat, h verhecad
Stvvebwe & ervenhally, ha gravedt
barpeliaic mode QN free wospkutf

2 I 2 /ﬁ\/ e e e K - ‘l‘mf“f
| { ‘ b Eﬂf.\ f,ﬁ >
< ! > - ‘-5
¢ & ' Coahin - <1
o ' W . o
[ ! ity ﬁ\?'&‘
‘tbf ‘ — " -—
SL Tt Eo o m R A "'-——'—'-—-—PBLfT

Pl R R - > e L Yl ik



b) ﬂr\i Horigcm*]'w( Colutrimc

redoce +o hu lincar shallow watle~
medel on aan <o vatoe ol /;*qu_nc. ( lect. 2A) :

2 u

= - k U = -~ 9 3.2)
2L “pyxz ¢ - (

2 ¢ .

¢ 3"32—' -y (&3_)
A %R

Where  C, » NH {5 e specd g T grevest
bQT'DC-l.t.nt‘c mode . [ note: cq“_Cs%) G hﬁl
Covhinuthy , 1deat gas  au Fhar moo diy nantc eqn (W« Gl)]

= Matsuno’s ((266) Dispers iom Pa (attonshp
Fi
descaibes ba moslad Sobhans. AF [on R,quwgﬁs

ha key padsw oo keluin  ax @i’_rb:.s.e'*'((m)

(V) Jeelyir
u -~ %- é(x-c,{-)wr("ﬁ> (3.t

[ 2Ca

Uaeo ) Coohart at sperd c,

(U Meossby_Wans, ((ong) . (355
W, ‘)U" bM’/Acot{,d Ca = i‘:::\' rn=),z.

Fgs



February 1966 b‘ Taroh »

w—€

=4
Fig.

3a. Frequencies as functions of wave

number,

Thin solid line: eastward propating inertio-
gravity waves.

Thin dashed line: westward propagating
inertio-gravity waves. .

Thick solid line: Rossby (quasi-geostrophic)
waves,

Thick dashed line: The Kelvine wave like
wave,
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Fig. 2. Schematic il-
lustration of atmo-
spheric conditions
during winter in the

anomalies of ~ 1.5 m/
sec (8, 9).
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though the equilibrium solutions shown here have not
been determined in this manner but rather by direct
matrix inversion as x = —/(L — 1r) ' F. it will be useful
1o interpret them in terms of the eigenstructure of L.,
Note that ifany of the w, are close to zero, the possibility
of resonance exists, and the seiution becomes sensitive
1o the project'ion of £ on the corresponding adjoint
eigenvector ¢, . The assumptions made about the dis-
sipation r also become relatively more important in
this case. In the following, we will indicate the sensi-
tivity of our solutions to various choices of dissipation
to demonstrate that our marn concltusions are not af-
fected by them,

The datasets and linear model are described in sec-
tion 2. Solutions for linearization around zonaily sym-
metric basic states are presented in section 3. The effects
of introducing zonal varations in the basic states are

Streamfunction and isotachs

TING AND SARDESHMUKH 909

discussed in section 4, and a summary and concluding
remarks follow in section 5.

2. Datasets and linear model

The ECMWF DJF climatology used here is based
upon routine daily analyses for the six winters from
1982/83 through 1987/88. The statistics are derived
from a 3° X 3° lat-long version of the analyses on 12
standard pressure levels. The GCM climatoiogy is based
on a 30-year run of the GFDL GCM, made with glob-
ally prescribed boundary conditions for the years 1950
through (979, which were available monthly and in-
terpolated daily. The GCM’s spatial discretization 1s
rhomboidal R15 in the horizontal and nine unequally
spaced levels in the vertical. More details of the
ECMWF dataset can be found in Hoskins et ai. { 1989).

ECMWF DIJF climatology (a)
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FiG. 1. DIF climaiology of the honzontal wind streamfunction and sotachs (thick contours)
at e = 0,205 {a) As given by a 6-vear (1982/83-1987/88) DIF average of daily initialized
ECMWEFE analvses. (b} As given by the 30-vear DJF average of a GFDL GCM run made with
¢labally prescnbed boundary conditions for the vears 1950-79. Contour interval is 10" m*s™'
tor the streamtunction and 10 m s~ for the isotachs. with shading for winds stronger than 40
ms '
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