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ABSTRACT :

The annuazal cy le of :Qnally averaged mesridional
flux.of sensible heat and its divergence are discussed. The
calculations are based dn five year data from more than %00
radiosonde stations in the northern hemisphere. (Oort.and

Rasmusson, 1971).

In the annual mean, the meridional transport of
sensible heat by the eddies shows double maxima in the
vertlcal over middle and high latitudes and a counter
gradient transport in the tropical mid-trcposphere, The
amplitude of the annual cscillation is also maXimum OV I

middle and high latitudes, occurring during Jaﬂuarye

Divergence offmaridional transport of sensible
heat indigaﬁeéithat lérges{ heating by the eddies occurs over
the bélf;ao@_ 70°N during April. This heating is found to be
more due ta standing eddies than due to trangignt‘ed@iesf The
maximum diabatic heating over highgr latitude occurring toméxus
the end of Ja;y, as_revealed_by thickngsé-ana}ygis (ASmani and

Verma, 1974) does not seem to be due to sensible heat transpor
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Tnz meridicnal transport of sensible heat by msax
meridional C;;i t;C“ -s saﬂn taaﬁ the max;mum hezting

czzuars cver the trepics rear the surface and at 200 xh level

INTRODUGTION

During'the recent years thgre have bgen studies
describing the atmospheric general circulation, direatly
~through = mlmber ot parameters, ﬂ.few of these are those
by Kung (196“ Byl 1967, 1969, 1970), of klnet*c energy,_
by Star; et a¢_(L9jQ),‘cf_angi;a? momentum and by_Van:Loon
&t al_{}ﬁ@ﬁ)g of the zonal mean temperature amd wind in
ths Scuthern he m¢sphereﬂi it has been found that most of
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grnuaal variaticn of the parameters could be expressed

W
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r-the annual mean and the first Eourler compenen 1t of the
adx;g; va:;gﬁ;qn._ Wiln—Nellsen (1967) 1nvest¢gated the
anmual verietion of aveilable potential — energy and
kinetic energy in both zonal and eddy form, in_ccnti;
weation, ?iip;Neilsgg 1}973) calcu;ated the arnusl mean
and the first few Fourier ccmponents of the annual
varigti;nﬂ@g?ng_mcnth;y mean ?alpgs of the zogg;_wind?
the merldlonsi trengport of momentum and seneible heet.
Re;eE%Ly? tha‘authcrs have compleﬁed a diagnestic study

tns smroaal thickness (which is the same as temperaturs)
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oscillations in the troposphere of the N rthern hemisphere,
This study has revealed one interesting feature fhat-the
largest amplitudes in the annusl temgergture oscfllat?on"
occur in middle or higher latitudes almpst gt the S=mMES ﬁime
throughout the troposphere téﬁardS'?hg end of JL;;% The
authors, therefore, decided to investigaﬁe_further,rthig
aspect of temperature distribuﬁipr, which is eggknﬁially
dﬁe to diabatic heaﬁing} _Physiéal pfogeﬁges‘mgiqu res-—
ponsible for diabatic hegtipg are sens;ble-h§aﬁ_#ran§fe?;_
latent heat releage and radiation; (Sinpe'we argmconpgrpgd
with the whole of the”tropogﬁhgrg, ?qr?ulgﬁﬁmmix§ng_may'bg
reasonably neglected), We deqided to_invgat;ggﬁgmﬁirst some
aspects of the sensible heat transfer. The present study
deals with fthis,

There are two major mechanisms_pf_t?ansfer; the
transfer by eddies (tyang;ent_ggqutat}@nayy) and the transfer
by the mesn meridional oirculation. We shell first consider

in scme detail the flux of sensible heat by these agencias:

2, Meridional Transport of Sensible Heat 3

Following the notaticn that a bar ( - ) denotes the
time average of any quantity, and a_pri@e_1 ; ) the departure
of & quantity from its time average; Likawise; let brackets

(1%7 ) denote the average of any quaﬁtity with respect to

va o 4:
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longituds, and & star (* ) the departure of e quantity frem
ongitudinal average., The field of northward motiocn may

now be resoclved acceording to the formulae,

O L
v:[v]-i-v*...........m '

On combining, which gives

> =[5]+e]+ 5% v O

The terms in (3) are respectively the time-averaged

0
p ]

standing meridional eirculation, the transient meridional
circulation, the time~averaged or standing eddies and the

trangient eddiss,
The long~term meridional transport of sensible heat

may then be resolved into the amcunts accomplished by the

separate components cf @ , thus,

#7] = [F1 (7] + [o] [ e me 4 o o] &)
The second and fourth terms in_(4) representing the
tramsient eddy t?anspo;t§ can be chbinsd into one term,
{:i;rﬁ:i] o ?his_ﬁgrm is regarded as the transport bty

the transient eddies.

3
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Thus,

where [‘B'] [T] = Meridional transport of
sengible heat by mean

meridional circulzbion.

[{;*?nj = "Meridional transport of
sensible heat by standing or

stationary eddies.

[thru = Meridional transport of
gsensible heat by transient

eddies,

Oort and Rasmusson (1971) have given an exhaustive
compilation and a critical discussion of the zonally
averaged, monthly and seasonal statistics describing fthe
atmospheric circulation in the Northern Hemisphere. The
data covers the period from May 1958 through April 1963,

In their earlier paper (Oort and Rasmusson 1970) they have
shown that in the middle and higher latitudes._, the net m=an
poleward transfer of the sum of sensible heat, latent he«i
and potential energy is small compared to the eddy polew=:T
transfer of sensible heat. In other words, in the middl=

and higher latitudes, the energy transport is mainly iz Tas
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fore of sensible heat transporfed by eddies., The following
points msy be noted considering the meridiomal transport of
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1] the transient eddy transport of semsible heat
show Hwo maxims in middle latitudes, one at about 850 mb

levael and the other st 200 mb.

2] +the standing eddy transport is strong in winter
and is insignificant in summer. This transport also shows

850 and 200 mb level maxima.

- 3] in low latitudes, the fluxes by the mean
meridional circulation are large compared to those_by the
eddies, In the middle and higher latitudes, they are
comparab;e; Near the ssuator, these are always directed

towards the summer hemisphere,

Be Data Source i

The data of meridicnal transport of sensible heat by,

-

1)  the transient eddies,
i1) the stationary eddics, and
iii)  the mesn meridional cireulation, have been taken
from }AﬁmOSpheTiB circulation statisﬁics? by bort_anﬂ
Rggmuse;m, 1973. The dat= covers the_Bayear perioi from

May 1958 through April 1963. The values, zonally averaged
9
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and monthly mean, a&re given by these authors as a functicen
of_%gtitude beiween lbOS and 75°N and as a function of
.ﬁgzﬁéé%’between the earth's surface and 50 mb, ﬁhe monthiy
flux data given by these authors and the values of diver;
gence derived therefrom have been subjected to harmonic
analysis by us and the results are discussed in the

following paragraphs.

Data pertains to 00 GMT only. Therefore, the .
diurnal variation of the fluxes is not smoothed ou!. To
that extent, the analys=s may be viewd with reservation,

especially in lower levels,

. inmual Varistion of the Meridional Transport of

Sensible Heat by the eddies (Transient + Stationary]

S8ince it is established that eddies play an impo;tapﬁ
role in energy transfer in middle and higher latitudes, it is
desirable to examine in detail the annual osci;lation in the
meridional transport of sensible heat by the eddies and
compare it with othez similar studies, The usual technique
of Fourier analysis in time has been utiliseﬁ to describe the
annual variations of thervarious parameters, Sinfe these
quant!ties depend upon time, latitude and pressure, we have

described them using mean meridional cross sections,



Annusl Mean @

Figure 2 (&) shows the computed annual mean of the
meridional transport of sensible heat by the eddies @s a
function of latitude and pressure. The unit ig;msecﬁl Co
The distributicn is similar to that givea by Wiip:Heilsen
(1é73] and reproduced in Figure 3 (a) for comparison.
(Data_peri@d of Wiin;NeilSQE was :'Eeb;uar§ léﬁﬁ_tc_danuaxy
1964}. We observe two maxima in middle latitudes, one
arcund 850 mb level and the other aroumd lQO_mE level. The
significant feature of the cpunter;gradient tranqurt oﬁ
sensible hest by the eddies in the tropical mid-troposphers
s very well revealed. This means thet the colder tempera-
tures are transported to the region of warmer temperatures.
Within this layer zonal available potential energy (ZAPE)

will be converted to eddy - available Potential energy (EAFE).

Anmagl Oscillation 3

i} The distribution of amplitude of the annual osci~
llstvion of eddy transport of semsible heat, shown in Figure

2 (b

g
s
471

2
¥

e similar to the annual mean transport in
middis latitudes. It shows that in these latitudes, the
amplituds of annual oscillation is largest in these regions

where the annual megn has also the largest value.

It ig in generzl agreement with Wifkn-Neilsen's

snelysis as shown im Figurs 3 (D).
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i1} Figure 2 (c) shows the phase of the annual
cscillation, in a breocad zone of 2§O§‘;_650N5 there is
a2 winter maximum in the sensible heat txgnspcrt?_ Noxth
of éf-OON, the maximum transEor’[: is in Ja:nu%ry, Spuﬁh__qf__
4bOH, the maximum transpor@kis i Ebbruary; "This ghows
a marked @ifferepqe_from_ﬂi;y:ﬂeilsenls findiﬁg as
depicted in Figure 3 f;), whick shows December maximum,
between 4C?N’and GC?N'aﬁd January maximum soath of 46?&;
The cause of this diserepancy Seems to lie in the fact

that we have used five yesr datz where as Wiin-Neilsen's

data consisted of only one year;

Another significant point to be noted in phase
digtributicn is that there is a north;south progression
of the ammal wave from 40°K to 20°N. South of abouwt
?OON, the phases appear'v&rigblg, p?esuma@ly due to the

relatively small values of the amplitudes,

Vertically averaged fluxes :

Let us examine the values of the ?artically
averaged flux for carﬁa;n ;atitudgs, reproduced from i
Cecrt and Rgﬁmusson_(lB?l) in table 1; gyarﬁ from giving
the broad idea of the relative role of transient eddigs;
stationary eddieg and mean meridional circulations, from
equator to 60°N in éanuary and July, Wwe can ggt some

idea of the amplitudes of the annuzl oscillation, Ths

eas 10
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rumpers shown in circles are obtained by subtracting July
vaius from ﬁh§_§a;uary value and taking modulus of it. The
vaiuz mey be taken as doublie the amplitude of the annual
qaa;%laﬁioz$_nﬁeﬁwe?nmggg§tor and lEON; MM?_is doulnent and
eii%§a are pc#_significagt; Bgtween.3éoﬁ and GGOK, the
vidiss are sbout 3 %o 4 times larger then MWC axd ip higher
1at;ﬁyd§a?,it is the gﬁaﬁipna;y eddies which are more sigﬂi:

ficant than the transient eddies.

5, Annuzl variation of the divergence of the tramsport

of Sensible Heat (Transient + Stationary)

Sires the aim of the present study is to examine the
heating eaused by these transports of heat, it is necessary

t¢ caleculate the divergence of the meridional transport of

Er
o

:at, Ouzr basic data of the meridional ftransport of sensible

et

1eat by eddies and mean meridional circulation were used for

Q

alculating The divergence. These values of the divergence

weres then subjected to harmonic analysis to obtain the annual

T

mean sud the smplitude and the phase of the first harmonic.
¥e cbtzined oﬁher_ha?monigs as well, but our present interest
is iﬂ th?_anQ;gl“pseg;;at;gp; hgnpgl?e qonﬁine cur remarks to
thz gorusl mezn and the first harmonic only;

5ol Anmzs1 Mean of the divergence of meridional trensport

ct Sensible Heat 3

(s) By Transient Eadies (TE) : In the agrual meaxn,

s e s
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the tra;sient.eiﬁies sth'emall_convergenc& cxr hesating
in tropical middle and upper troposphere and much larger
convergence in middle anq higher laﬁiﬁudes_as shown in
figure 4 (a) &% about GCON there are two maxima in thea
vertlcalg one at 850 mb level and thp other at EQOVmb |
level. The maxima value is —40 x lO = ﬂeg.rﬁsegi_}
Betwegn_lﬁwﬁ ?ﬁd.@p H} there is divergence or cooling

by TE, again showing two maxima at almost the same levels
of 850 mb and 206 mb and values qf‘the same order of

magnitude as hlgher latitude heatlng

(b) By Statlonary EBddies (SE) 2 The tropical-

uid-tropusBherio heating (convergencs) emd the sub-tropical
ang_m;d:;atitude"gog;ipg by_gtatipn?ry e@dies is much less
markgﬁ compa;ed ?9 ?@gt py ﬁ:apaignﬁ eddiea ag shown in
Figure 4 (b);_ But the higher latitude heating is very
well marked Wlth stronger lower and upper tropospheric
mexima (now at about 65 H) compared to that by fransient

eddlea, the lower troposphprlc maxima reaching the valus
of 50 10 o OG gec_ %; The whole heating belt seemz o
have shifted polewards (ndrth of 5bON) compared to i

i

iespect ive heating belt by the transient eddies

NoYed 02

8

45 g), _?@e gradient of the heating in the vertical i
very small, but sufficiently large in the horizontal =z

any'level;

=
s

L
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additive heating effect of the th eddies clearly
indlsatss Yhat amengst the two, transient eddies are moxs
ig;?ﬁﬁazi Scuﬁh cf 5bom, NCTtn of 1%, stationary eddies sre
mi>=s impoertant.

(;) By Mbir Merldlcnal Glrculatloﬁ (MMC)

Y

9
(0]
k5!
(]
=
i

in Ple (e) %here are three distinet vertical zonss -

_) rf ﬁfaring at equ atorlal and troplcal latltuaen, (11) c?

- =

coeling at sub-treopical and middle latitudes and (iii}_againl"

f heating in higher latitudes, BRach zsne-has two maximz, one

B

at the surface and the seccond at accat 200 mb level separated
Ly & zcti"”f cpposite sign at mid- troposphere~ The values of
the max a decreass fowards pole, A SLgnlfmcant mldmeOpOa—

pheric he atLug overw fhd latitudinal helt cf 25 H - 40 °N im

noteworthy, which may be the effect of Tibetan high.

The relative role played by the eddies and the mean

o
&)

I

4]

ridicnal circulatien in heating the ftroposphere through

o

i Sherd
L

P

1e heat ftransfer ean be egsily inferred. ZFrom equator

05
« M
3

J

o

N the heating/ccoling is predominantly due to MMC.

ot
L%
B

Eddies ars more impcrtant north of 405N azeept in the lowest
troposphere and arcund r>OO mb level betweeﬂ 50 N'and 60 H

the MME shows larger effect, The sub-tr0pical m1d~tropoa~

phsriz heatiang by MMC iz exceeded by cooling effect of eddlies
(particulariy tramnsient) gc that in the resultant, the ares

shows sooling.

!...I
1
i
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Anmual oscillation of the divergence of

meridional transport of sensible heat

The horizmonial divergence of zonzlly averaged

meridional transport of sensible heat reduces To

— 3 SzERe
v[#7] = Tg—['_m']
It gives the rate of change of femperature.,
This rate of change of temperature can be rep.re;—
gented as a periodic phenomenon given by
f_ = ACos (wt-€)
Where A = Amplitude

£ = phase

~noting that cos (-e) = Cos ©

- QT
i.e. -g—t- - wave lags behind T wave by —}r.- (quarter
of the pe_zjiod;. in the present ease this will be.eg__ua‘.“;_ To
3 IﬂOl’l’_Cl’l.Sf)_'a_ T@is_phase relationship between T and —aa—}-

is shown in Figure 5,

In the present analysis, the phase indicabss ti-=

time of occurrence of the maximum,

-
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Irterpretation of phase

o
iy

Iz the present analysis, the phase value eorrespon
%z fh2 time of cccurrence of maximum divergence of sensible

Lheat Transport i.e. of meximum cooling. Hence, to get the
L . i e I e AL
tim= of occurrence of maximum heating, 180 will be added

to the computed phase value, Again, as we have geen in

the preceding paragraph, 90° will have to be addeéd to get

occurrence of the maximum temperature.,

The phase disgrams, which are drawn to indicate the
time of occurrence of maximum eceling rate should thus be
interpreted accordingly to get the time of occurrence of

the maximum temperature. For example, if the phase is

..J

ndicated by L (i.e. time of occurrence of maximum coeling

P"%e is lgt anuﬂry}, he time of occurrence of the maximum

I0 or 1lst of bctober, snd so on,

I

temperature will be 1 + 9

6. Amplitude and phase of anmual oscillation 3

Amplitude and phase of the first harmonic will give

us an idez of disgtmibution of “wwual o¢01llat+cn in tempe~—
raturs in space and time due o ﬁeHSAblp heat transport.

Let us examine this distributicm whi ich is accomplished by

Sl
]
=
5}
i. 1
=
o)
=
b
g
B
@
0
=
3
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r Transient BEddies

oo

 Amplitude of the annual oscillstion of +h

B

divergence of meridionsl transport ef gensible heat by
uxanSLen+ edd¢es as a fun wetion of lgtitude and pressure

is given ;n_Eig?r§“6”(a)?_ The smplitudes are very smal

over the equatorial region and In the m_déll'I trchSphmve

over higher latitudes, It ig highest in wupper and lowew

troposphere over mid-latitudes.

_Phase of thg annaual 0331llat10n of divergsnce of

thE‘%Ef1dlcﬂ&l t“ Spcw+ of senglb1e heat by t“Eﬂﬁ agﬁﬁ
eddies as a function of 1atitg@$ and pressure, 25 shown
in Figure 6 (b), illustrates large variability in time
of ocourrence of maximm hesting., This is always usso-
ciaﬁeﬁ With small amplituie values, ‘iﬂ the rsgions of
Targest amplltudes (v1~w up@er‘and lower troposphere
ovgr_mgg—laﬁituaes)_the-p@asgs,_asmggown_in the figure,
ara_B and 9, H@neg,“as stated earlier, to_gat_theltime
>f pecurrence of maximum temperature 9 months iIs added
to #hese; rThe time of occurrence of maximum temperature

in the regions of largest amplituﬁeg} is thus bebtween

1st M=y and 1st June,

By Stationary Bidies

Amplitude and phase gare shown in Figs. € (¢) and

6 (d) respectively. DPoleward distributiocn of amplituds
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suz2z that there are alternate regions of small and largs
va.u=3 of heating, From 7.5°8 upto about BOON, the amplitudes
52 very smell, _Setwﬁen_E?oﬁ and 45°H, the amplitudes are
falz.y large, with two maxima in the vertical over about

e
P

ARLEN, ons in the lowgr-troposPhgye‘apd_ﬁhehothgr abo?a-EOO mb
lg?s;; éetween 450ﬁ ap§_5§?ﬁ, the amplitudes are again small
with minimum in upper troposphere, Betweeﬁﬂéﬁoﬁ and 75OH,
“az amplitudes are largest with very pronounced lower and
“pper level maxime over 62%?33 Upper maximum is slightly

less then the lower one, North of 700N, the amplitude decreases.

Ths phases are not as variable as in the case of the
transient eddies. As one can expect, except the regions of
smalleamplitudes, where the phases are very variable, the
regicns of large amplitudes show consistent phase. In the
finst region of large amplitudes over mid:iatitud@s, the
tim& pf_oqpuxrence of ma;imum dive;genca is January and hemnce
the maximum temperaﬁpre in Qctober; From this region, the
e B T T o
seemgnto p:opagate_northwg;ds; in ﬁhe_secqnd region of large _
ampliﬁudes,_betwe?n_SS?ﬁ apd_?boﬁ,';t‘reaches after six months.
Divgrgen;e_;s"maximu¢ in ;uly} hence tempergﬁuxe maximum dus
o this agemey should occur in April; The annual waves cf
psating dus 4o sensible heat_trapsfer by stationary eddies In

the twt rsgions of large amplitudes (Around 4CDN and 6OON)
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gre in oppcsite phase,

It would be of_interest to see the heating
effect by both the eddies combined (Figures 6 (2) and
6 (f) and their relative role, In the sub;trcpics and
mid;lat;tudes? though the two eddies have comparable
amplitudes (stgtiqgary eddies are of slightly higher
amylitpdeﬁ}_but ﬁhe_statiqnary eﬂdieslghpW'lees varia—~
tions in phase compared to transient eddies. _in the
higher latitudes 1t is' predominantly due to stationary
eddies as can be seen clearly when we compare. amplitude
and p?ase:og_gfgt%oggry ?dd%es_yiﬁh‘t@osg of tectal eddies,
In this region the transient eddies, though small, have
phases such that they add to the amplitudes of the

stationary eddies,

By Mean Meridiomal Circulationm

Amplitude and phase of the annual oscillation of
the divergence of meridional transport of semnsible heat by
mezn meridional circulation are shown in Figures 6 (gﬁ and
€ Eh}; .iﬁ is clear from the phase diagram that except for
two near equatorial regions, of maximum amplitudes, whers

th

o
b
Vi

heating maxima occur in November, elsewhere ths phase:
5 : e b 5 4 O
are quite varisble, One maxima ig centered rouni 17+ N

at the surface and extends upto about 900 mh level., Ths
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¢ther mazima is_oentered round la%oﬂ‘at_zoo_mb levgl,_ ?he
heating in the upper level maximum is much larger than the
Iower le?el_maximum gni 1k is gbgut_ﬁo ;a@iﬁude nearer *to
ths sgquator, There ig g atriking symmetry around E.EON

throughout the tropesphere.

3 Ceonecluding Remarks

The main purpese of this paper has been t?vﬁgggyibe

the arnmual variastion of the zonzlly averaged meridicnal
transport of gensible heat by eddies and mean meridional
circulation and of their divergent field., The ftechnigque

¢ Fourier - anglysis in time was used to get the annual

ne

o

v ard the amplitude and phase of the first harmonic .

__ Tn the annual mesn, the meridional transport of
Sensible @e&t by the e@dies sth'ﬁc;bla maximum‘in‘the
vertical over middlg and high ;atitudee and & coun?erj__
gradisnt transpoxt in the_%rﬂpical mid—trogpsphe;g. ?he
annual oecillatign ig maxiwum, also over middle and high
latitudes, cccuring during éanuary,

In the annual mean, the divergence field of meri-
diemal transp;rtlef‘sensible-hegt by eddies shows_alﬁgrnate”
rezting sl poplisg froh sGUEBie SHISERR Sl St dnsrdasing
intensity. Ths equatorisl hembing is very small. The

irtansity of sub-itropical cocoling is about half the middle

see 49
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grd high?rnlgﬁiﬁgig“hagﬁingﬁ Boﬁh_these_regicnﬁ

display the lower ari tke upper tropospheric maxima,
Armuzl mean cf the divergence of meridional transpcort
of sensible heat by mean meridicnal circulaticn shows

a thyeg—ggll_sﬁructure with intensity decreasing from

eguator to pole}

_The ammual oscillation of the divergence of
meridipnal_transpgrﬁmof sensible“hgat by eddles is
lergest over the belt 60°~T0°N, the heating mexima
ocouring during April., The heating is more dus o
standing eddies rather than dus %o transient eddies.
The uaximza SIAURGLD Nedbee PNET Riehen daR vied
occurring ﬁowaydg ﬁhe end of éuly, as revealed by
thickness analysis, does not seem to be dus to sensible

heat transport.

The meridional transport of sensible heat by meau
me;i@}pna;ﬂgiygylgﬁiog ishgggh_thaﬁ thg maximum heating
occures over themt?pgi&s near the surface and at 205 mb

level during November,
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ALTITUGE (Km )

ALTITUDE ( Km.

30

EQ 15°N 30N 45°N 60°N
Jan. -0-4 -0-8 4.7 69 8-6
TE ¢ July 0-1 @ -0-3 0-3 4-: 4-8
Annual Mean| -0-15 -0-55 Faiia) 55 67
Jan. -0-0Q 00 2.2 10-3 7 8
July 01l @ 01 @ 0‘2-0‘? “0-6
Annual Mean|] 0-05 D05 4-8 36
Jan. -0-4,\|-0-8 69 i7-2.\| 16-4
TESSE)- Juty 0298 -o-z 0-5 3.409 42133
nnual Mean| =0 - | -0'5 3-7 103 0+3
-27-0 -23 O@ 4-0 70 =340
July 260 =40 270 40 e
nnual Mean| - 05 -12:0 30 Do =G
Total Jan. -27-4 -23'8@ 10:9 242 13-4
TE+SE{ July 26- 2 =]-2 2'5 ?-4 5'2
+MMC lAnnual Mean| -0-6 -12-5 67 15:8 9-3

Values in circle = [{January value - July vaiue )iS Rang2 of annual oscillations
Numbers represent averages for layer between 1012'5 & 75 mb. |
Table: 1. Meridional Transport of Sensible heat(units in °Cm sec)
from Oort & Rasmussen.ISTI.

—
(=]
—

PRESSURE(mB)

0
10 o 10
LA ITUDE

30

()

@

o

RESSURE (mp)

N 70 B0 30 oo 1o 30

LATITUDE

70 90“3

Tronspori of sensible heat by transient and
sionding eddies for(a) December - February,
{b} June - August as estimated by Newell et.
al.{i970). Only transien! eddies avoilable from

305-90S. Unit: Deg.m sec.'

o

™)
e
w
x
7 soo
L1y]
uw
(-4
a

000—

. 90° &0° 20" MORTH 0®

<—— LATITUDE

{c) The vertical distribution of the overage norihward

transport of sensible heat by the eddies as astimatad
by Peixoto(I960). The Unit is 10%watts per hundred
mb layer.



100

200

3001

400

300 |-

600

700

<—— PRESSURE(mb)

800

800

¥ [@3

10°s o’ 10°N 20° 70‘ 75 N
- LATITUDE—?:-

FIG-2(a) Annual mean of the meridionol transport of sensible heat by the eddies os
function of lotitude and pressure. Unii'm sec""C.

or \
| /
TOO\ o —]
| o

200 5

300F
= 400+
E
w 300
&=
b |
& 500
T7]
o |
% 700
l 800+

200

1000 '° '.

Ic's 0 10N 70 75

LAT!TUDE _—

FiG.2(b). Amplitude of the annual oscillotion of the meridional transport of sensible heot by eddies
as a function of lantude ond pressure. Unit: msec °C.




100
200}
300 Yl
400

500

AT, |

77 &

( 5\4\3 |

1000 o Iu io }e\. ‘ L] L Ll y ] : Cl Ia Ll
1c's (o} ION 20 30 40 50 60 7O T5N

LATITUDE —>

~——— PRESSURE (mb)

FIG2(c) Phose of the annual oscillation of the meridional transport of sensible heat by eddies os o

t
function of latitude and pressure. |corresponds to I“Jcmucry. 2 corresponds to Is Februory
and so on.

800 -

~<—-— PRESSURE lmb)
@
(e ]
[=]
]

300~

1000 1 1. = | I |
10°S 0° 10°N 20° 30° 40° 50° 60 70° 80" 85N
LATITUDE —>
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100

200

300+

8

<—— PRESSURE (mb)
»
o
o
T

800 |-
700}
800}
S00-
\
1000 ! 1 ! M
Ll
10°s o 10N 20° 30° 40° 50° §0° 70° ° 85
LATITUDE — v g
FIG-3(b):

Amplitude of the annual escillation of the meri

dional transport of
S e s i p sensible hegt by eddues as a function

0s estimated by Wiin—Neilsen (1973). Unit: 10° Kj sec' cb!

0Or-
100+

200

\)

(
r

300

400}

JAN.
500+

600

2
700
BOO
1

soof- '
2

~—— PRESSURE (mb)

|
| I | \ | | 1 | 1 1 ]
'0090"3 0° 10°N 20° 30° 40° 50° 60" 70° 80° 85N
LATITUDE —»
FiG.-3(c): Phase of the annual oscillotion of the meridional tronsport of sensible heat by eddies as a function of
1§
latitude and pressure os estimoied by Wiin- Neilsen (1973). | corresponds to ® January, 2corresponds

t
t01° February and so on.



<«——— PRESSURE (mb)

900

1000
T

-5°s  25°N 12:5° 225° 32-5° 425° 52-5° §25° 725°
LATITUDE —>
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