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Ships have been ploughing through the Eastern Mediterranean since 

time im m em oria l.

The “ sea-dogs ” of olden times were certainly not unprovided 'Vfiib. 

in form ation  about the currents in this region. However, literature on this 

subject has up till now been rather rare.

SURFACE OBSERVATIONS

It is to N ielsen  (1912) that we owe the most commonly known picture 

of the currents in the Eastern Mediterranean. This consists of a W est 

East circulation along the A frican coast, becoming approximately South- 

North off the Levantine states and tak ing fina lly  an East-West direction 

starting from  the Gulf of Iskenderun. This picture has been corroborated 

by the presence of waters of deltaic orig in along the Israeli coast, as 

established by L iebman (1930), as well as by the presence in  Israel’s coastal 

p la in  of a lluv ia l deposits com ing from  the Nile (R im , E mery  and Bentor , 

E m ery  and Neev , Neev ). Furthermore, R ough (1945) attributes to the 

Nile the sudden decrease in salinity which he noted at Beirut after the 

floods of this river.

Nevertheless N ielsen ’s point of view has had to be somewhat modified 
on account of later studies.

Indeed Ghuvel (1931) established the existence in  the Eastern Medi­
terranean of counter-currents w hich he attributes above ail to w ind  action.

Studying the influence of the Nile flood waters along the Israeli coast, 

O ren  (1952) discovered two varieties of water developing side by side, 

each of different salinity and colouring. He found, moreover, that the least 

salt waters —  i.e. those most affected by the Nile —— are not necessarily 

to be found  near the shores, and also that the line separating these two 

kinds of water moves away from  the coast as it progresses northwards.

A kyüz (1957) in  his study on hydrological conditions in  the G u lf of 

Iskenderun shows that the surface circulation there forms two eddy units.

(*) This study has been partia lly  subsidized by the Internationa l A tom ic Energy 
Agency in  V ienna (Austria), under Research Contract No. 118/RB.



In  1956 the Calypso Expedition directed by L acombe and T chernia  

(1959) found currents w ith a southwesterly direction at its stations 173 

and  174，as was also noted by E mery  and G e o r g e  (1963).

E m ery  and Neev  (1960) in  their study on the Israeli beaches draw  

attention  to the North-South currents not far from  shore —— or rather, 

South-North currents that, fo llow ing a semi-circular path, reverse their 

direction and become North-South. Simultaneously, the angle between the 

wave front and the coast progressively changes its orientation proceeding 

from  the South to the North. W hereas this angle faces towards the North 

in  the south of Israel it opens towards the South in  the north of that 

country. These observations are moreover confirmd by coastal sand depo­
sits. These accumulate from  North to South above approximately latitude 

32°, and in  the opposite direction below this latitude.

E m ery  and George  (1963) when studying Lebanese beaches likewise 

notice tha t in  the m ajority  of their observational stations waves approach 

the shore from  the Northwest in  such a way that the angle made by the 

direction of the wave front and the shore generally faces South. South- 

N orth  currents have only been observed by the authors in three border 
stations in the region of Tripoli.

F in a lly  the Atlas Océanographique et Météorologique de la Méditer­
ranée (1957), sum m arizing  surface current directions for the whole extent 

o f the grid coverage, does not indicate any particularly preferred direction 
in  any grid square in  the region.

The velocity of the currents seems seldom to rise above 6-12 miles 

per day (12-25 cm /s).

However, E meky and Neev  (1960) in  April 1959 found averages of 

about 50 cm /s in  Israeli waters. This is also the magnitude assumed by 
G ru v el  for the Syrian countries.

O n  the contrary, H e c h t  (1964) adopts a value of 17 cm /s during the 

N ile ’s flood water period ( September-October). A t approximately the same 

tim e of year —— in October 1962 —— E m e r y  and G e o r g e  (1963) carried out 
velocity measurements off the Lebanon. They found predom inant velo­

cities of about 6 cm /s at the most, and a m ax im um  of about 25 cm/s.

O n  the other hand  O ren  and K omarovsky (1961) have summarized 

the recordings at the Ashdod station in  Israel taken at a depth of 7 m  using 

a Neyrpic currentmeter. The current velocities there varied from  0.00 cm /s 

to 21 cm /s，and the most frequent average was 10 cm/s.

I I . —— GEOSTROPHIC CIRCULATION

The general pattern of the geostrophic circulation in  the region is 

shown in  figures 2，3 and 4.

These figures refer to the picture at the surface layer, and at depths 

o f 20 m  and of 500 m, respectively.
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Station  de Recherches des Pêches m aritim es à Caïffa (Israël) 
Study of the Levantine Basin 

Position P lan  
Observations stations :

A tlan tis . Chypre - 02.
Calypso. Vavilov.
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Station de Recherches des Pêches m aritim es à Caïffa (Israël) 
Study of the Levantine Basin (Chypre - 02)

Contours of the pressures of the un it water co lumn at the sea surface



F i g . 3

Station de Recherches des Pêches m aritim es à Gaïffa (Israël)
Study of the Levantine Basin (Chypre - 02)

Contours of the pressures of the water co lum n (in mb) at a depth of 20 m

32°
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Station de Recherches des Pêches m aritim es à Caïffa (Israël) 
Study o f the Levantine Basin (Chypre - 02)

Contours of the pressures of the water co lum n (in mb) at a depth of 500 m



The representation of the geostrophic current in  these figures is made 

by using the pressures in  the hydrostatic column, w ith the sea surface as 

reference level.

The basic data for draw ing up these figures were obtained from  the 

samples taken during the “ Chypre-02 ” project of the H aifa  Fisheries 

Research Station in Summer 1963. Under the supervision of O.H. O ren 

18 stations, as indicated in  figure 1，for conventional measurement of 
temperature and salinity were occupied.

Computational technique

It is well known that the geostrophic current can be defined by consi­

dering the pressure differences between two points.

Charts can be drawn up, using the know n pressure distribution w ith in  

a sea，w hich w ill show the current lines, their directions, and data on 

current velocity.

a) Computation of hydrostatic pressure

Contrary to the usual practice of using a deep reference level, here 

the sea surface was chosen for this purpose.

This procedure was at first adopted not only because the Mediterranean 

Sea in  the summer months has a calm  surface but also because we do not 

know  the depth of a plane surface in  fu ll equilibrium . Later on it w ill 

be seen that our assumptions were -well founded.

Numerical results were obtained for layers equal in  depth to the 

distances between two standard depths, applying the form ula  :

Pz =  Po +  gpmh (1)
where

Pz

Po

the total pressure of the hydrostatic column at z depth and at 

the base of the layer being considered ; 

the pressure at the top of this layer;

the mean value for densities at the top and the bottom  of this 

layer;

,po +  p«(^)
h the height of the layer ; 

g — the gravity value at the station’s latitude cp and at the z depth 
at the bottom of the layer. The values of g have been computed 

b y  f i r s t  o f  a l l  a p p l y i n g  t h e  H e lm e r t  f o r m u l a  ( S v e r d r u p - Jo h n s o n - 

Flem ing, p. 404 ):

g0 =  9.80616 (1 -  0.002644 cos 2<p + 0.000007 cos2 2(p)，

then the form ula :

9z = +  2.202 _ 10-6 z.



W ith  the value o f hydrostatic pressure thus obtained at each station, 

isobaric contours were then drawn. Figures 3 and 4 give examples for 

depths of 20 m  and 500 m respectively.

For the isobars in  figure 2 the form ula  expressing pressures (1) was 

reduced to the terms :

p  =  g 0 > p  ̂u n it of height (2)

w ith

p =  t h e  p r e s s u r e  o f  t h e  h y d r o s t a t i c  c o l u m n ;

g0 — the gravity value at the sea surface;

p =  the density of sea water, s a m p le d  at the surface.

In  the results, calculated by means of the above form ula, by taking 

account of decimals for the height instead of the un ity  figures we arrive 

at a picture of the geostrophic circulation on the surface. This is repre­

sented in figure 2 w hich in add ition  offers the possibility, in  identical condi­

tions, of a comparison w ith the theoretical contours, such as those of 

B. Saint G u ily  (1961).

It is obvious that current lines resulting from  the above computations 

can differ from  the actual current lines as a result of atmospheric condi­

tions. W e may note in  this respect that the average variation in  atmos­

pheric pressure between the Island of Cyprus and the Levantine coast rises 

in  sum m er to about 1-2 m illibars. This variation is comparable in  size 

to the variations in  hydrostatic pressure obtained at the same places at a 

depth of 20 m . However the size of these differences in  atmospheric pres­

sure seems insufficient to affect appreciably the d istribution of pressures 

at a depth o f 500 m .

Moreover, a comparison of figures 2, 3 and 4 shows that the aspect 

of the isobars remains approximately the same from  the surface down to 

considerable depths. It follows first of a ll that the d istribution of hydro­

static pressure depends at all depths on the same causes, and then that 

this d istribu tion  is independent of temporary atmospheric conditions, the 

densities being more w idely distributed in  time.

O n  the other hand  by again comparing these figures we see that they 

show clearly that the d istribution of hydrostatic pressure is liable to 

alteration on account of bottom  conditions. The bathymetric chart of 

G iermann  (I960) shows, in  fact, that there exists a sill in  the neighbourhood 

of the line between Cape Andreas in Cyprus and Latak ia  in  Syria. This 

sill lim its any possibility of circulation towards the North beyond a depth 

of 550 m. The isobars then take the opposite direction, i.e. towards the 

South. This fact is already apparent in figure 4 for a depth of 500 m . 

Thus w ith  increasing depths the pressures w ould  become more and more 

distributed according to rings corresponding to the bottom topography.

b) The study of velocities

Svkrdhitp-Johnson-Flem ing  (p. 391) state :

Ap

1.458 . 10-4
sin © (3)



where :

V =  the current velocity;

g =  the mean gravity value for the place under consideration;

A p  =  t h e  d i f f e r e n c e  i n  h y d r o s t a t i c  p r e s s u r e  b e t w e e n  t h e  t w o  g i v e n  

points;
ip =  the mean latitude for the place.

The nomograms given in  the margins of figures 3 and 4 were estab­
lished using this formula.

It  is well known that velocities thus computed have only a relative 

valuo, and moreover that they are affected by the forces of friction.

Thus the v irtual viscosity effect in  its most simple expression is 

reduced to the relation (D e fan t, p. 314 ):

R — — k p p2 (4)

where :

R  =  the resultant force of friction expressing the loss of velocity;

p =  the density of water ;

V =  t h e  v e l o c i t y  o f  f l o w  ;

k  =  the coefficient of v irtual viscosity.

However, the numerical application of this relation is restricted before­

hand  to the problem of the determ ination of k t the coefficient of v irtual 
viscosity,

In  fact the sole relevant value available is that given by D e fa n t  (p. 317)， 

from  the work of T ay lo r , namely

k =  2.6 . 10-3.

In  the above form ula this value of k  restricts the current velocities 

to about 95 cm/s.

However, Taylo r 's value is valid for particular conditions, and its 

author warns us that the value could change for other cases and could 

increase up to 100 times this value.

This means that this coefficient’s value must be sought by means of 
computation.

To this end we note that the relation used by T a y lo r  is sim ilar to 

the equation of E ckm ann (D e fan t， p. 420). This last, expressing the 

interaction of w ind and sea circulation, is written :

T =  2.6 . 10-3 . .u?2 (5)

where :

T =  the force resulting from  w ind  friction on the sea surface ;

pf =  the density of a ir;

w =  the velocity of the w ind expressed in cm/s.

This form ula has been checked and found valid for w ind  velocities 

of 20 m /s  and more.

O n  the other hand the average for relative velocities, deduced from  

the distance between isobars, for a depth of 500 m  is of the order of 20 cm/s.



F i g . 5

Station de Recherches des Pêches m aritim es à Caïffa (Israël) 
Com putation of currents —— Stations Nos. 15 and 16 

(Chypre - 02)

Thus tak ing the scale ratio into account, we obtain for the ratio of

the above equations :

T 2.6 . IO—3 . 1.29 

R  —

4.10 + «

2.6 • 10-3 . 1.02922 . 400

W e know  also that the effect produced on an environment depends 

solely on the acting force and on the particu lar structure of this envi­

ronment. In  other words, the action of one k ind  of water on another kind, 

or of the w ind , is the same provided that the forces involved are identical.

It  follows that we should find  equality in  the results of these two 

relations, i.e. T =  R,

In  order to obtain this it is necessary and sufficient to ad just the R 

value sc as to arrive at this equality, or else —— and this comes to the 

same —  to m u ltip ly  the sole unknow n (i.e. the Taylor coefficient) by 

the result of the above mentioned ratio.

Thus we finally  arrive at a value of the order of k  — 3 . 10~2 for the 
coefficient of the v irtual viscosity of sea water.

Furtherm ore, in  a recent publication, written by O ren  and E ngel 

(1965), is was stated that the waters of the Eastern. Mediterranean could 

be divided into three superimposed layers according to their at gradients, 

the depths of the theoretical lim its of these layers being defined by the 

points of intersection of their best gradient straight lines. The th ird  and 

deepest of these layers is characterized by n il gradients, a fact relating 

to conditions that tend to a fina l equ ilibrium  in deep water.

This tendency towards complete stability should also be reflected in 

the velocity of currents by a progress towards a total slackening. F u r­

thermore, the graphic representation of velocities should confirm  the fact 

by showing a break in  the curve at the depth of the intersection of the 

best straight lines relative to the at gradients.

«•.so mi« r. nevcNNet



In  figure 5 the relevant mean values for a t obtained at the border 

stations 15 and 16 are shown, and also the velocities resulting from  d if­

ferences in hydrostatic pressure at these same points. These velocities 

therefore arise from  the application of the general fo rm ula  (3) given at 

the beginning of this section and whose results have been corrected for 

fric tion  effects by means of relation (4).

As to the v irtua l viscosity term, the follow ing k values have been 

taken into account :

A* =  2 6 . 1 0  —3 ; a  v a l u e  d e d u c e d  f r o m  t h e  m a g n i t u d e  o f  t h e  r a t i o  

T /R  «  10.

k  =  33 . 10-3; a va lue  deduced from  the result of the ratio T /R  =  12.6.

/: =  3 . 10—2 ; a value obtained by tria l and error.

As we see on the graph, for k  =  3 . 10—2 the corresponding velocity 

curves reach their m ax im um  at the “critica l” depth of the intersection 

of the slopes relative to the at gradients. Beyond this depth the rem ain ing  

points of the curve show up a regular decrease in  velocity.

It should be noted, however, tha t this same k  value is noted also at 

the border of the other two layers.

Another example of breaks refers to stations 14 and  15 and is illu s ­

trated in figure 6, Nevertheless the m ax im um  in resultant velocities is 

here reached at the theoretical border between the two upper layers. 

There it can moreover be seen that the break ind icating the beginning

F i g . 6

Station de Recherches des Pêches m aritim es à Caïffa (Israël)
Com putation of currents —— Stations Nos. 14 and 15 

(Chypre - 02)

of total slackening stands out clearly even among the decreasing resultant 

velocities, as a result of the continuous increase in  relative velocities.

For other values of k，on the contrary, the breaks occur either below 

or above the “ critical ” depths of the intersections.



This fixes the v irtua l viscosity value at Ä: =  3 . 10—2 (*).

The p r im ary  consequence of this value of /c =  3 . 10~2 is that in  deep 

sea it restricts the current velocities to about 8 cm /s  —  or more exactly 

8.15 cm /s. This m ax im um  for resultant velocities corresponds to relative 

speeds of the order o f 14-18 cm /s, and a ll m otion  halts for relative velocities 
of about 32 cm /s.

The scale for converting relative velocities in to resultant velocities 
is given beside the nom ogram  shown in  figure 4.

Com putations s im ilar to those set out above, bu t carried out w ith  

other results from  the “ Chypre-02 ” Project confirm  everywhere the 

va lid ity  of the k  ~ 3 . 10-2 value, as far as relative velocities of more 

than  14 cm /s are concerned. For cases of smaller velocities this computation
T 1 ■ 11 T* Û T TCh O O ÖT'WtV» + 11 »"» "»Tł HP ł l r ł  T* łłł/"»»"* vxl n et o n 4-* ryM  A l  »T XJ.CM. 1. UŁ i m A  L.M XA X « A. A X O A  « A i  Vr l A X m  W O  VV X X V -X  V« O A ( .A l 3  —

factory results are obtained, but in  other places —— in  spite of the existence 

of a break (possibly shown up  by tangents) at the critical depth of the 

intersection —— the m ax im um  in  velocities only appears below this depth.

Nevertheless this anom aly seems to be due less to the uncertainty of 

the value already found for the v irtual viscosity coefficient than to 

conditions pecu liar to the flow. There may be cases where either the flow 

m ay follow  eddy paths or else places where there are significant alterations 

in  the c ircu lation between the two points being considered.

W e could, on  the other hand, envisage cases where the positions of 

these velocity “ breaks ” near the sea surface w ould  allow  not only the 

lim its  of the fie ld  of application of the v irtual viscosity coefficient de­

term ined above to be fixed, bu t also a relation tending towards the value 
given in  the E ckm ann  and Taylor equations.

Having thus arrived at calibrating the current velocity, it w ill not be 
w ithout interest to determine its velocities on the median line of two 

adjacent isobars. Then, by jo in ing  up the points o f the same value, to plot 

lines of equal velocity of current. F igure 7 is a d iagram  of this at a depth 
of 500 m.

Comparison o f this figure w ith  the bathym etric chart of the region 

(G ierm an , 1960) shows that the places where the m ax im um  velocities are 

found  correspond to the deepest parts of the bottom , whereas the areas 
of n il velocity are generally confined to the smallest depths.

It follows tha t the development of geostrophic currents and con­

sequently the resulting density d istribution take place in  sea water 

according to layers m oulded on the bottom  topography. This result is, 
moreover，in  agreement w ith  Neumann’s deductions (Sverdrup-Johnson- 

F lem ing , p. 469), w hich state tha t the bottom  conditions w ill be reflected 

i n  t h e  t e m p e r a t u r e  a n d  s a l i n i t y  d i s t r i b u t i o n  u p  t o  l e v e l s  n e a r  t h e  s e a  s u r f a c e .

(*) This is, moreover, a value very close to that for the constant in  the v irtua l 
fric tion  expression given by S v e r d r u p - Jo h n s o n - F l e m in g  (p. 480) where :

0.0302
T = ---------  . Vs

f   ̂+ \a

( 10gY )



Station de Recherches des Pêches m aritim es à Caïffa (Israël) 
(Chypre - 02)

Contours of iso-velocity lines (in cm/s) at a depth of 500 m
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Station de Recherches des Pêches m aritim es à Caïffa (Israël) 
S tudy of the Levantine Basin {Chypre - 02)

Vertical section of isopycnic lines



Thus the procedure for, and the valid ity  of, the above computations 
have both been proved.

It can be seen from  figure 7 that the region can be divided in to two 

separate sectors, at a depth of 500 m ，by a tongue of “ slack waters ”•

In  the sector North of the line Beirut to Gape Greco in  Cyprus the 

distribution of lines of equal velocity of current conforms w ithou t further 

accurate in fo rm ation  to the already stated bottom  conditions. The lines of 

equal velocity of current are distributed according to bottom  relief, the 

lines for the highest velocities covering the greatest depths.

In  the southern sector, on the contrary, the d istribution of these lines 

of equal velocity of current shows a clear analogy w ith  the water motion 

when it is a case of a “ wash-trough bottom ’，. In  this case, as is well 

known, the heaviest elements converge towards the axis of m otion, i.e. 

towards the places where the velocity is cancelled out. O n  the vertical 

sections showing isopycnic lines given in  figure 8 (Enge l, 1965) this 

is proved by the existence of a column enclosing the densest waters 

(at 彡  29.25).

It remains to be stated w hy we started by choosing a reference level 

at the sea surface. The actual outcome is the definition in  depth of “ slack 

waters ” having no motion, as the resultant of h igh gradients in  hydrostatic 

pressure and consequently of velocities cancelling themselves out through 
turbulence friction.

For the case of a measurement coverage capable of determ in ing the 

depth of the reference plane it would only be necessary to start from  this 

plane in the reverse direction in  order to compute the velocity of surface 

currents.

III. — CONCLUSION

The picture of geostrophic currents at the sea surface, as shown in  

figure 2，agrees w ith  the observations that are likely to change the N ielsen  

picture.

Furthermore, the com putation data plotted on this figure enable us to 

explain the cause of phenomena noted by Liebman, O ren , Em ery and Ben- 

t o r ，E mery and Neev, Emery and George, w h ils t granting the possibility 

of R o uch ’s po in t of view. At the same time the Akyüz eddy un its  in  the 

Gulf o f Iskenderun make the representation of such an eddy u n it  in  figure 3 

plausible for a depth of 20 m  near the Syrian coast. The existence of such 

an eddy un it is, furthermore, confirmed by North-South currents, as 

surveyed by Emery and George, along the North Lebanese coast. Its 

connection to the eddy un its in  the Gulf of Iskenderun is probable, and 

its extension towards the South at a definite epoch, provides an explanation 

for the Southwestern currents disclosed by Lacombe and T chern ia .

In  the fa ir ly  stable atmospheric conditoins o f summer the geostrophic 

circulation thus constitutes the princ ipa l component of the total circulation.



According to available data, current velocities at the surface are small. 

In  this connection it has not been possible to obtain accurate computed

values. However, for reference purposes, we m ay say that the mean value 

of perm anent currents for the port of Ashdod is about 10-12 cm /s NNE.

Under the surface layer the v irtual viscosity w ould  seem to lim it the 

water m otion to about 8 cm /s. This same cause w ould  also give rise in 

deep waters to “ slack waters ” of n il motion, resulting from  high gradients 

of hydrostatic pressure，and consequently velocities that become n il through 
turbulence friction.

Beyond a depth o f 550 m all possibility of c irculation towards the North 

stops, at approxim ately the latitude of Cape Andreas in  Cyprus on account 
of the existence of a sill.

Consequently at great depths the water motion could only occur in 

the measure that the balance of internal forces allows it, and  only on paths 

follow ing the bottom  topography. This fact would entail currents fo llow ing 

ring-shaped paths, g iv ing rise to eddy un its w hich are likely to be reflected 
right up to the sea surface.

O n  the other hand  we m ay deduce the existence in  deep sea of local 

c irculation differing from  the regional circulation at the surface. This is 

the effect of bottom  conditions and is already noticeable at the 500 m  

depth, thus m ak ing  water motion and the density d istribution  dependent 

upon the bottom  topography.

To sum up, the pressure distribution and the development of the 

resulting currents occur according to layers m oulded on the bottom  

topography. The highest velocities are found at places where the depth 

is greatest, whereas the “ slack water ” areas are related to lesser depths.

Conversely one m igh t seek a relationship between oceanographic data 

and geology. Slack water areas, giving rise to undisturbed sedimentation, 

are related to places where sedimentation is the most intense, and con­

sequently concern the lesser depths. On the other hand  the directions 

of the geostrophic current lines coincide in  m any places w ith  the aspect 

of isobaths of the bottom , w ith  the N ile ’s a lluv ial deposits and, in a general 
way, w ith  the coastal relief.

The present picture of the coastal regions and the bathymetry of the 

Eastern Mediterranean would seem to have as orig in the action, on a solid 

and pre-existing shelf, of the geostrophic c irculation as the principal 

component of the total circulation.
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