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THE MEDITERRANEAN SEA AS A HEAT SCURCE FOR THE LARGE-SCALE
ATMCGSPHERIC MOTIONS

A, SPERANZA - E, TOST

Istituto di Fisica "A., Righi" dell'lniversita di Rologra

The fact that the Mediterraﬁean Sea acts as a source
of both sensible and latent heat during winter and as a sink
during summer has been known for aguite a long time, TRBunker
(1972) estimated the average heat release throudhout the
winter season 400 cal/cm2 dav, UYhen mistral was blowina the
release of sensible heat reached on restricted areas top val
nes exceeding 1000 cal/cm2 day and the evaopration 1.5 cm/day
of water,

On the other hand the winter circulation in the tropo-
sphere shows a marked deflection from zonality over the Medi
terranean, in particular during winter with prominent meri-
dional circulations (see fig. 1). 1In terms of surface pres
sure this perturbation amounts to about 5 mbs of negative

anomaly.

The problem of evaluating the dynamical response of the
‘middle latitude atmospheric circulation to the release of
heat and moisture from the lower boundary was analyzed Ffor
the first time by Smagorinsky (1953). This, as later works
on the subject, (Doos, 1962; quer,_1976),_was based on a
parameterization of heat sources and sinks that was too

coarse to resolve adecuately the Mediterranean. Using the
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same the same kind of auasi—adeostrorhic 1inearived anprosach
Aas Smaadorinckv, we studied the perturbation induced on the
winter civenlation hv the Medi ferranean Aac 2 heat <cource na
rameterized on the basis nf Bunker's data, Inder <implifv-
ing, bnt phvsical, assumption we find that the M°éitprranpan
miaht verv well force a atationarv depression like fthe owne

observed during winter.
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reed, atationary disturbances ov A barotronin

The horizontal evtensinn of the Mediterranean is abonft
ARG km in Jonaitude and 180G km in Tartitnde, Since the ver
tirmal acale of motion does mot exceed 10 km, the motion is
riasi-horizontal and "asi-aeonstronhic,

TF we assume that the fluid is Boussinesa the dvnamics
0f thermal forcina relduces to the two eauations (see Charnev,

1077%)
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aradient onmerator, g the acceleration of grAVitv,fzo the
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the horizontal veloacitv vector, W the horirzontal
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corinlis marameter, «  the specific neat at constant nres-—
v n :



sure, Tq the horizontallv averaaded air temperature, N the
rate of accesaion of heat ner unit masf,]y = (k‘n;%{ﬁofs ,
where © 18 pressure, g deneitv and the subscript "s" dennteg
horizontal averade at a reference heicht., Linearization of

thece emuations around a state of uniform, barotropric, 7zonal

fFlow with mean velocitv wu:

Y""E\J +Vl (1-','[ & h"’ (3)

and uge of the fthermodvnamic ecuation (2) as houndarv condi
tior dqives the following linear differential problem for

stationary flow:
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w _£ (QJ‘.’P) Q at rigid horizontal wvalls (‘i).
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Sensible neat
We parameterize sensible heat in the cimnlest form i.e.
an exnonential distribution of vertical scale H:

A(E ) o A/x

The linearized problem (4), (5) becomes then for a sindgle

norizontal Fourier comnonent Z (z) = exp D: (Kx +,(?)]
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At the unper houndarv sunnosed to be at 7 = +00, we apnlv a
radiation condition which 1s derived from the time dependent
eanivalent of (4). TIn fact it can be shown that the neqative

root of the eaquation wvhich defines the vertical wavernumber

R

me= (K- pe)

qgives solntions that are damped exponentially or that are
traveling awav from the boundary z = O.
The solution of (8), (7) with radiative condition at

twe upper boundary z =©®is:

- L Qs 1 m HT -Mz "?/H o
Z(z}'-m’t%c,,‘& 'ir-'msz[ e+ e J (o)
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2.2 )
Tha resonance denominator 1-m H wvanishes at a wavenumber:
3 ﬂ
T X
(h},,,( = _fo + (1¢)
4 i‘ '

- ,
winich is ofF the order of 2.6 x 106 om at the latitude of

4. Y
the Mediterranean (37.5°).
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A tvpical horizontal wavenumber of the Vediterranean is

e =146 =D _ .
k? + = 4,3 x 10 cm . The reconarnce midht therefore

he relevant, Apart from the resonance factor, an order of
magnitude of the perturbation irn pressure at the around is

aiven bv

. H ~
P-ps = IfgipTg Qo & Jmb (1

1.

Latent heat
The heat source rorrecpondina to the release of latent
heat 18 beffter rerresented as a aine function of wavelenath

2L, O = OI sin(r 'z-,/L) in a confined gsvgtem hetween two walls

At 7= G and 7 = 1.,

The emiivalent of the edauation (&) ie then:

()2 = G Qs T i

K“f cr'rs o -
»nd the boundarv condiftions:

ﬁ“}.:o ot Z2=0,L (13)
d& :

The solution of this nrohlem redurces to the non-homoagerieous

) —eglme 1 Coc TT% (17)
Z(/ kl:Fu C[,Tg 771{_%1L1 L '

Sinee mo is positive in the range of narameters tynical of



56

At

550 gl \Y, l -
N\

-570.

h‘;

Fig. 1 Average height of the 500 mb pressure level in dekametres in
January:
(a) 1957: Example of a strong zonal wind circulation.
(b) 1963: Example of a weak zonal wind circulation with
large amplitude waves -and - prominent - meridional
currents.



the Vediterranean, there ia no reconance in this race,

The order of maanitnde of the nerturbation in nressure

At the ground includina the reconant termn, of order 1C,
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Coneiusions

~

(ur caleulations, even 1f Far From conclocive, ahow
thnat the nrohlem of thermal forcinag bv fthe Medi terr nean
chould be drnvestiadated further, Thie not cniv For what con
cerne the 10021 dvynamices (the nreecsure mertirhation that we
Pivid At the armund g ouite relevant) , but aten the imnact
on the general civeculation of the afmoephere: the nrohlemes
of cveloaeresia in the Mediterraneen »nd Aflantic bio~king,

Are intimatelv connected and nregumably related o the ajmn]

taneous Action of mountaive and hest coprces,  Wutare devel

omment snould bhe i the directiorn of ivneludivnag tine—oonen -

ayuce and nonlinearityv in the heorv,
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