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Les apports d'eau douce en mer de Monaco 
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L'hydrologie cotiere est, devant Monaco, en grande partie regie 
par le courant Ligure. Les eaux superficielles sont poussees vers la 
cote par ce courant. L'eau douce, principal vecteur des polluants, se 
melange avec ces eaux de surface et est ainsi maintenue pres des cotes 
{ASTRALDI M.et all.l988). Deja GOSTAN (1967) signalait une correlation 
entre les variations du debit des fleuves voisins de Monaco et les 
changements de salinite de surface. BONG (1983) attribue !'observation 
d'une dessalure devant Nice au passage des eaux de l'Arno dont 
!'embouchure est a plus de 100 km. Nous nous proposons, en comparant 
les variations de debit de la Roya aux changements de salinite dans la 
baie, de determiner le temps de transit et la zone d'extension de 
1' eau apportee par la Roya en baie de Monaco. 

La salinite a ete mesuree au cours de deux periodes. La premiere 
de 1976 a 1978 ou la salinite de surface a ete mesuree toutes les 
semaines dans la baie a 27 stations reparties suivant un quadrillage 
regulier et au large, a une station situee a 6,5 milles servant de 
temoin. La deuxieme entre 1978 et 1983 ou la salinite de la colonne 
d'eau a ete mesuree bimensuellement aux immersions standard, a trois 
des 27 stations precedentes et au temoin jusqu' au bas de la coucbe 
euphotique. Le debit de la Roya a ete releve quotidiennement a 
BreiljRoya. ce debit est significativement correle a la pluviometrie 
du bassin Ligure. 

Resultats: L'apport d'eau douce a l'eau de mer de la baie a ete 
estime en comparant les salinites de surface a celle du temoin. En 
moyenne il peut etre represente par une lame virtuelle d' eau douce, 
non melangee a 1' eau sous-j acente, d' epaisseur el- 11mm pendant la 
premiere periode. Durant la deuxieme periode cette lame est deux fois 
moins epaisse d'ou un rapport e1je2= 2, alors que celui du debit de la 
Roya pour ces deux memes periodes est R1/R2 = 1, 6. 

Le debit de la Roya et les salinites sont correles. Le maximum de 
correlation s'obtient en decalant le debit de la Roya de deux jours 
pendant la premiere periode et de quatre jours pendant la deuxie.e 
periode (tableau) . Pour cette derniere periode les correlations et -les 
pentes des droites de regression sont systematiquement plus elevtiea. 
Les differences de pente sont significatives et plus importantea au 
large quI a la COte • 

Le debit d' eau douce passant devant Monaco est proportionnel it 
celui de la Roya et est egal a "e.b.v" avec e epaisseur de la lame 
d' eau douce, b la largeur de la bande de propagation de 1' eau douce 
vers le large, v la vitesse du courant. Si R est le debit de la Roya, 
T le temps de transit entre la Roya et la baie de Monaco, E le temps 
de parcours entre le point de mesure du debit de la Roya et son 
embouchure, on constate, en comparant les deux periodes auxquelles on 
affecte respect! vement les indices 1 et 2: 

(elb1v1)j{e2b2v2) = R1/R2 et v1jv2 = {T1+liT)/Tl avec T2-T1 ={IT 
s7lon les observations elje2 = 2, Rl/R2 = 1,6 ll T = 2 jours 
Sl. £ =0 et Tl=2 on a: 
bl/b2 = 1/2, T2 = 4 jours, v1= 9,2 cmjs et v2 = 4,6 cmjs. 

I?'une maniere plus realiste, avec £ = 1 on trouve T1 • 1 jour, T:Z - 3 
JOUrs, bljb2 = 1/3,75 V1= 18,5 cmjs et v2 • 6,17 cmjs. v2 eat ainsi i. 
3% pr~s la vitesse de la composante parallele au rivage du courant 
:~s~~~- a

1
;;g) ~etres sur le plateau continental de Monaco (ASTRALDI M. 

En admettant un temps de parcours & de l'ordre d'un jour, il 
<:pparait CIU;e pendant la deuxieme periode les eaux douces ae sont 
e~a~ees env1.ron quatre fois plus vers le large que pendant la pr-i•re 
perJ.ode. CJ;l1/b2 = ~, 75) alors que pendant la premiere periode le debit 
de la r1.v1.ere eta1.t 60% plus fort, et la vitesse du courant trois tois 
p~us grande. Or cette deuxieme periode se caracterise par une 
se::heresse ( BETHOU~ N. et all 1983) qui conduit a un flux plus 
fal.ble du courant L1.gure (PRIEUR L. et all. 1983). On conclut, en 
a~m~ttant _que la secheresse soit une consequence de conditions 
m~te0r0l0gl.ques clementeS 1 que 1' eaU dOUCe deversee a la COte Se 
detecte d' a_ut_ant plus loin et d' autant plus longtemps que 1' on se 
trouve en per1.ode de beau temps. 
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Radiation Measurements in the Tyrrhenian Sea during TEMPO 
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Measurements of the various components of the radiation budget were made 

from the R/V Minerva of the Italian National Research Council (CNR) in the 

North Tyrrhenian sea , during the 1989 Tyrrhenian Eddy Multi-Platform 

Observations (TEMPO) experiment (September 26 - October 9, 1989). 

The two main objectives of TEMPO were the investigation of the structure 

of the North Tyrrhenian Sea and intercalibration and validation of 

measurements from different sources (satellite, aircraft and ship) in 

order to study the upper ocean response to the atmospheric forcing in the 

vicinity of eddies and fronts. 

Budget measurements were aimed at quantifying both air-sea radiative 

exchanges, as one of the possible forcing of dynamic of the basin, and to 

study the effect of a sea surface temperature (SST) front on the terms of 

radiative budget. 

The short- and long-wave irradiances were directly measured by two 

piranometers and two pyrgeometers, respect! vely. The instruments were 

'gimbal mounted on the upper bridge of the ship. Two instruments were used 

for each measured component, in order to avoid the shadows of ship 

superstructure and provide redundant information for quality control 

purposes. The long-wave exitance was calculated from sea surface 

temperature measured by radiometer, mounted on a boom over the bow of N/0 

Minerva. All the data were sampled at 1Hz quality controlled and averaged 

over 1 minute time intervals. 

The short-wave upwelling radiance and albedo were calculated from 

smoothed observations of Payne {1972) relating .albedo to solar zenith 

angle and short-wave trasmittance. 

Each component of the balance was analyzed to examine its behavior across 

the SST front associated with the Tyrrhenian Eddy. The presence of the 

eddy has been evidenced by means of the SST radiometer measurements and 

confirmed either by the satellite images or by the hydrographic data 

obtained during the cruise. The difference of temperature between the eddy 

and the surrounding waters results approximately 2. 5 ·c. A strong 

correlation between the upwelling and downwelling long-wave radiation was 

observed in the vicinity of the front revealing a correspondence between 

atmospheric and marine structure acros_s the Tyrrhenian front. 

The daily mean short-wave irradiance ranges from 150 to 220 wm-2 while the 

daily long-wave irradiance ranges from 420 to 470 wm-2 and therefore its 

contribution to the net budget is more relevant. The daily value of the 

upwelling infrared radiance is rather constant over the entire period (420 

Wm-2). 

The net radiation budget was computed from our data. The daily mean value 

ranges from to 180 to 300 wm-2 and is modulated by the behaviour of the 

visible downwelling radiation. The nocturnal budget shows a negative 

trend from 50 to approximately 0 wm-2 in agreement with the transition to 

colder weather conditions typical of this period of the year. 

Several empirical models exist in literature to evaluate the short and 

long wave irradiance from weather measurements, these models are tested 

only for open ocean, while their possible use for a close basin, like the 

Mediterranean Sea, is to be verified. Therefore, empirical formulae for 

calculating short-;-wave radiative flux were compared with measurements. A 

formula by Lamb (1964) for determining the incident solar flux given solar 

altitude, cloud amount and cloud type, agrees with our measurements within 

10%. Similar results were obtained comparing our data with the empirical 

formulae of Reed {1977). 

Comparison between long wave irradiance and empiric:al formulae is planned 

in order to test the different models for the Mediterranean Sea case. 
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