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INTRODUCTION 

Direct current measurements over the continental shelf off the Nile Delta 
are very scarce. Only five measurements have been taken from a few localit­
ies by international r esearch vessels and by the Suez .Canal Authority 
(S h a r a f El D i n, 1972). 

The common feature of the current sy,stem along of the Egyptian coast i~ 
a west t,o east flow. Be:liore the construc11ion of the Aswan Dam, the effect 
of the Nile flood along the coast was noticeable to a few km away from the 
coast and to maximum depth of 100 m (S hara f E 1 Din, 1972; Go r g y, 
1966). During the winter, the current pattern is different from that in the 
summer. This difference is attributed prilmarily to wind action. Different 
investigators have attempted to formulate the circulation pattern in the Med­
iterranean Sea (O v t ch i nn i kov, 1966), while others investigated the 
current regime •in the area between the Lebanese coast and Cy:prus (E n g e 1, 
1967). 

In tthis paper, the dynamic topography at the different levels will be 
studied using the temperature, salinity and density observations over the 
conti:nental shelf in the area bounded by the south amd east coasts of the Medi­
terranean Sea, Lat. 34° N and Long. 27 ° E. In addition, the water character­
istics and the geostrophic current will be clarified. 
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METH0DS AND MATERIALS 

The data used in this study were collected by different research vessels 
including CALYPS0 (22 to 23 0ctober 1956), VAVIL0V (3 to 6 0ctober 1959, 
16 0ctober 1964), SH0Y0-MARU (17 to 21 March 1959), OVČ:ICA (16 to 20 
0ctober 1960), GOLUBICA (4 to 11 0ctober 1961), CHYPRE 04 {19 to 20 
February 1965), ICHTHY0L0G (6 to 14 0ctober 1966, 11 to 14 September 1970). 

These observations were ta1ken during the flood period (September-0cto­
ber), before and after the construction of Aswan High Dam and in the winter 
season (non-flood season). Fortyfive hydrographic stations were taken during 
September-0ctober before the construction of the High Dam and 49 stations 
were taken after the stoppage of the N:ile flood. Dur-ing the winter season 
only fortyone stations were used in these analyses. Figures 1, 2 and 3 show 
the location of the hydro.graphic stations :used. 

AccoI.1ding to D e f a n t, the most practical and logical method of 
choosing the reference level is the one developed by him (D e f a n t, 1941 ). 
The reference level was calculated ustng this method only at the deep stati:ons. 
In the shallow parts of the investigated area, the method of Gr o e n (1948) 
was applied where the depths were less than the depth of the reference level 
computed for the deep stati!ons. In this method the isosteres on each level 
in the imaginary water mass (solid part) bave a constant s1ope equal to the 
slope :of ,the d:sosteres at the point where it meets the bottom line. From 
the dynamic height computations, geopotential topography charts for the 
surf.ace, 50 db and 100 -db rel,ative to the selected reference level were made. 
These charts represent the flood period before and after the H'igh Dam as 
well as the winter season. Geostrophic velocity profiles were made for differ­
e:nt pairs of stations and were plotted for the three periods mentioned above. 

RESULTS 

Water Characterlistks 

The water masses in the investiigated area (Figures 1, 2 and 3) are iden­
tified duving the flood season before and after the High Dam and during 
the winter season. Tugure 4 shows temperature versus sa1inity far the obser­
v,ations ta!ken iin the area during the flood period before the High Dam. The 
effect of the Nile flood is in:dicated :in the T-S curve by sur-f.ace coastal water 
of low salinity i{26 to 36%0) and high temperature (22 to 26°C). The effect 
of the Nile flood disa•ppeared at the offshore sur.face stations as shown in 
Figure 5, resulting 1n surface water of high salinity (39 to 39.4%0) and high 
temperature (about 19 to 25°C). A layer of subsurface minimum salinity 
(less than 39%0) ,and low ,temperature is observed between 50 m to 100 m. 
Below 100 m, the salinity increases sl,ightly while the temperature decreases. 
The deep water (bel-ow 300 m) is characterdsed by low salinity (38.6 to 39.0%0) 
and low temperature (13.3 to 14.8°C). 

The stratification of the water masses during the same season, after 
the disaippearance of the Nile flood due to the construction of the High Dam, 
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Fig. 1 - Map showing the location of the hydrographic stations during the month 
of October of different years before the construction of the Aswan High 
Dam. 

Fig. 2 - Map showing the location of the hydrographic stations during September 
-October of different years after the High Dam. 

is the same at the different depths except for the surface layer. The surface 
layer without the Nile flood shows a wide range of salinity from 360/oo near 
the coast to aibout 39.5%0 at the offshore stations (Fligure 6). 

The chaTacteristics of the water masses during the winter season 
(February-March) are shown 'in the T-S diiagram, Figure 7. This T-S d~agram 
illustra<tes the homohaline condition in the whole water column with s1mall 
range of salinity from surface to bottom layers. The surface layer (from O to 
50 m) has an average salinity ,of 39%0 and temperature between 16.2 and 18°C 
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Fig. 3 - Map showing the iocation of the hydrographic stations taken during the 
winter season (February-March) of different years. 
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Fig. 4 - Temperature versus saHnity for aH observations taken in the investigated 
area during the fLood period before the High Dam. 
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Fig. 5 - Temperature versus salinity for all observations taken in the investigated 
area between Lat. 32°N to 34°N during the fload period before High Dam. 

(at avound 28.5). The sa:l,inity shows a shght decrease in the subsurface layer 
(50 to 100 m), followed by a &light increase at the intermediate layer (100 to 
300 m). The deep water again shows a slight decrease in salinity. However, the 
differences in salin~ty •aire much less than in summer and indicate a great 
homogeneity due to the winter convection. The at values reflect such a 
smaH staib'illi.ty. 

The bot·tom water remains a1most the same during most of the season. 
The bottom water (below 300 m) has a salinity of about 38.8%0 and tempera­
ture 13.5°C (at - 29.2), sim:ilar to that which was observed during September 
and October. The bottom water masses correspond exactly to those found by 
Po J 1 a ik (1951) and W il s t (1961) in the area. 

Geopotential Topography. 
During the ffood period before the High Dam. 
The reference level is a necessary parnmeter to convert the geopotential 

anomalies into geopotential topography. In the coasta:l stations, the level 
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Fig. 6 - Temperature versu.s salinity for all observations taken in the investigated 
area during the non-flood season after the High Dam (September-Octo-
ber). -

of no motion was calculated using the interpolation method of Groe n 
(1948). At the offshore stations, the level of no motion was found to be 
between 200 and 300 m below the surface. The data used in the calculation 
for the period prior to the construction of the Aswan High Dam were taken 
from different stations during October :of different years (FJgure 1). -

The geopotential topography for the surface, 50 m, and 100 m below the 
surface relative to the selected reference level of the pair of the stations 
are plotted in Figure 8. 

The geopotential topography and associated c-irculation pattern near the 
coast follow the general trend of the flow in the Mediterranean Sea from 
west to east. At the surface the effect of the Nile flood is indicated by the 
strong concentration of the isobars in f:i:ont of the Nile Delta. This flow 
slightly diminishes in intensity_ eastwards. The general flow near the eastern 
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Fig. 7 - Temperature versus satinity for all observations taken in the investigated 
area during the winter season (February-March). 

Mediterranean coasts of Israel and Lebanon is northward. Away from the 
coast, at a distance ·of 10 to 20 km, the flow turns southwesterly. The origin 
of this reverse could not be traced from this study but it may originate some­
where near Cyprus. This trend was predicted from the current measurements 
taken by the CALYPSO in 1956 (L a c o mb e and T c h e r ni a, 1960) and 
was also noted by E m e r y and G e o r g e (1963). 

The cyclonic eddy found in the surface layer at Lat. 33°N and Long. 
28°E disappears at depths 50 m and 100 m. The anticyclonic eddy off the 
Lebanese coast is strnngly developed at the 50 m and 100 m depths. In 
general, the flow pattern at 50 m and 100 m resembles very closely that at 
the sudace with various eddies at different spots. The data after construction 
of the Aswan High Dam are insufficient to make a reliable analysis. 
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Fig. B - Geopotential topography (in dy. mm) relative to the selected reference 
IeveI during October before the High Dam: a - surface; b - 50 db; 
c - lOO db. 
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During the winter season 

The hydrographic stations used in these computations are those of 
February-March of the years 1959, 1965 and 1971 (Figure 3). The dynamic 
topography of the area under investigation at the surface, 50 m and 100 m 
below surface is shown in Figure 9. The topography of the sea surface relative 
to the selected reference level agrees with the general flow pattern in the 
Mediterranean Sea. The geostrophic flow is almost par.allel to the North 
African coast and then is deflected to a northeasterly direction along the 
Lebanese coast. 

At Lat. 32°N, in front of the Suez Canal, a cyclonic eddy is developed at the 
surface and is strengthened at depths 50 m and 100 m be1ow surface. Another 
cyclonic eddy exists at the surface at Lat. 33°N and Long. 286 to 29° E. Thi:s 
cyclonic eddy also persists at 1other depths (Figure 9). The surface eddy may 
be attributed to the prevailing northwest wind during winter. At depths of 
50 m and 100 m below the surface, the flow pattern resembles very closely 
that at the surface. 

Geostrophic Circulation. 

Before the High Dam. 

In this seotion the vertical distribution of the geostrophic f1ow is 
investigated during the Hood period (September-October). The geostrophic 
velocity was calculated from the dynamic topography using the standard 
procedure. During the flood and before the High Dam, the velocity of the 
water flow near the branches of the Nile reached 300 cm/sec. During the 
flood period and in summer, the atmospheric condition is fairly stable. In this 
case the geosti,ophic circulation constitutes the principal component of the 
total circulation. 

Using the dynamic computations, six stations shown in Figure 1 (39, 40, 
41, 42, 44, 45) were taken in the shallow area off the Nile Delta affected by 
the f1ood. Six other stations shown in Figure 1 (78, 79, 80, 85 and 86) were 
taken in the deeper areas away from the effect of the Nile flood. The 
geostrophic current was calculated between each set of two stations taken in 
the area under consideration. Each two stations were taken in a direction 
perpendicular to the coast to obtain the current parallel to it since the main 
current is from west to east. Figure 10 shows the geostrophic velocity profile 
at the onshore stations where the effect of the Nile flood flow is clear. The 
velocity of the flow deduced from the dynamical computations at these 
stations ranges from about 200 cm/sec at the mouth of the two branches of 
the Nile to 120 cm/sec in front of Lake Burollos and, as can be expected, is 
directed to the east at different depths. The calculated geostrophic current 
agrees with the measurement taken by the R/V OVČICA during October 19fi0 
(Go r g y, 1966). The surface velocity measured by the Ekman current meter 
during October 1960 was 4 to 6 knots (Go r g y, 1966) over the continental 
shelf in fr.ont of the Nile Delta. This velocity drops to a minimum of 6 cm/sec 
off the Leibanese coast but sometimes reaching a maximum of about 25 cm/sec 
(E me r y and G e o r g e, 1963). Figure 11 s,hows the geostr,aphic velocity 
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Fig. 9 - Geopotential topography (in dy. mm) relative to the selected reference 
level during winter (February-March): a - surface; b - 50 db; c -100 db. 
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Fig. 10 - Geostrophic velocity profiles between selected pairs of onshore stations 
during October before the High Dam: a - flow between stations 39 and 
40; b - flow between stations 41 and 42; c - flow between stations 44 
and 45 . 
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Fig. 11 - Geostrophic velocity profiles between selected pairs of offshore stations 
during October before the completion of High Dam: a - flow between 
stations 78 and 79; b - flow between stations 80 and 81; c - flow between 
stations 85 and 86. 

profile between offshcire pairs of stations 78 and 79, 80 and 81, and 85 and 86 
respectively. At the surface, the flow is directed to the west with maximum 
velocity of 8 cm/sec. The velocity profile between stations 79 and 78 (Figure 
11) -gives three Ievels of zero motion, at 230, 300 and 700 m respectively. In 
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Figure llb, the velocity profile shows two levels of no motion at depths 130 m 
and 250 m be1ow surface with a velocrty direction to the east at the bottom 
layers. Between stations 85 and 86, the geostrophic velocity profile from the 
surface to bottom is in the west direction at all depths. 

After the High Dam, twelve other stations were taken, six inshore (15, 
16, 9, 10, 3, 4) and six offshore (13, 14, 11, 12, 5 and 6). Only the profiles 
of the geostrophii.c flow of the offshore stations will be diisoussed in detail. 
Figure 12 shows the geostrophic velocity profile between the pair of the 
stations, 14 and 13, 11 and 12, and 5 and 6 respectively. The magnitude of 
the calculated velocity at different depths is fairly similar to that observed 
by G u i b o u t (1972) at Lat. 33° 52' N and Long 30° 34' E in October 1968. 
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Fig. 12 - Geostrophic velocity profiles between selected patrs of stations during 
the flood season after High Dam: a - flow between stations 5 and 6; 
b - blow between stations 11 and 12; c - flow between stations 13 and 14. 

The velocity profile between stations 14 and 13 (Figure 12), gives an 
easterly flow at the surface and to a depth of 200 m and then westerly flow 
in the rest of the layers. Between stattons 11 and 12, the velocity profile 
(Figure 12) gives a westerly inflow in the surface layer, then easterly inflow 
below 250 m. A westerly flow is seen between stabons 5 and 6 at all depths. 
The max1mum velocity reaches about 18 cm/sec at the surface layer and 12 
cm/sec in the deep layers. Thts indicates the same pattern observed before 
the High Dam, as expected. 

During the winter season 

During the winter season, when the intermediate water of high salinity 
is observed in the Levant basin, the geostrophic velocity profile at the 
offshore stattons is different from one station to another. Between stations 
17 and 18 (Figure 13) the velocity profile gives an easterly flow in the surface 
layer with a maximum velocity of 18 cm/sec and a westerly flow below 
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200 m. The flow between stat1ons 7 and 8 (Figure 13) is directed to the east 
at all depths with maximum velocity of 22 cm/sec at 300 m. Again the 
geostrophic vel,ocity profile between stations 5 and 6 gives an easterly flow 
down to 250 m westerly flow below that depth. This variation in the velocity 
profile from one station to another can be attributed to the effect of the 
cyclonic eddys which exist in the area. 
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Fig. 13 - Geostrophic vetocity profites between seiecteđ pai rs of onshore stattons 
đuring winter season: a - ftow between stations 5 anđ 6; b - ftow 
between stations 7 anđ 8; c - ftow between stations 17 anđ 18. 

DISCUSSION AND CONCLUSIONS 

Direct current measurements in the southeast ern sector of the Mediter­
ranean Sea are very scarce. For this reason, the current • pattern computed 
from the oceanographic data provides information on the general circulation 
off the Egyptian Mediterranean coast. The dynamic computation for deter­
mining the geostrophic currnnt depends to a great extent on the choice of 
the reference level. At deep stations there are no problems, while at thc 
shallow stations the uncertainty in the choice makes it difficult to rely upon 
the result. 

The effect of the Nile flood is clearly indicated in the chart of the 
geopotential topogra,phy of the surface. The effect diminishes towards the east 
and towards the bottom. Also this effect is indicated on the T-S diagrams 
dur.ing the period September-October before and after the erection of the 
High Dam. 

The coincidence of Mgh temperature (22 to 26°C) and low salinity (26 
to 36%0) shown in the T-S diagram clearly characterizes the effect of the Nile 
flood. This body of water disappeared after damming of the Nile. The water 
circulation off the eastern coast of Mediterranean Sea turns to a south­
wester,ly direction as observed by L a com b e and T ch e r ni a (1960) and 
Emery and George (1963). 



The geopotential topography at different depths referred to the selected 
reference level represent the .condition clearly at that depth during the period 
of investigation. A good indication of that representation is the agreement 
between the calculated .and observed velocities at some locations in the inves­
tigated area. The water masses in the southeastern sector of the Mediter­
ranean Sea vary from one season to another. In winter, the Levant water of 
high salinity and high temperature exists in the layer 100 to 300 m. The 
surface waters, on the other hand, are exposed to seasonal variations mainly 
due to the meteorological conditions. The bottom water remains almost the 
same during the different seasons of the year. 

To establish the circulation patterns in the southeastern sector of the 
Mediterranean Sea, oceanographic data must include current measurements. 
This willthrow more light on the validity of the application of the circulation 
theorem involving the relationship • between the field of seawater density and 
the currerit velocity field. 

SUMMARY 

The dynamic topography of the southeastern sector of the Mediterranean 
Sea is shown during the flood season before the High Dam and during the 
wjnter seasqn for three . depth~, surface, 50 m . and 100 m. The principle of 
D e fan t (1941) far reference level was applied .at offshore stations, while 
the method of Gr o e n (1948) was used at coastal stations. One hundred 
and fifty hydrographic stations were used in the analysis. The level of no 
motion is between the 200 to 300 m layer for the . offshore stations. The T-S 
diagrams show the interaction between atmosphere and sea on the water 
masses during the winter season, and the effect uf the Nile flood before and 
after the construction of the High Dam. Comparisons between observed and 
calculated-geostrophic current during the summer confirms that the geo­
strophic circulation constitutes the principal components of the total circula­
tion. The circulation pattern for late summer (October) is noticeably distin-
guishable from that for the wiriter season. • 
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KRATAK SADR2AJ 

Prikazana je dinamička topografija jugoistočnog sektora Mediterana u 
sezoni poplava prije izgradnje brane na Nilu i za zimu na tri dubine: površini, 
50 i 100 m. Referentna dubina za vanjske postaje je određena prema Def a n­
t u (1941), a za obalne postaje prema Groe n u (1948). Upotrebljeni su podaci 
sa 150 postaja. Dubina mirovanja je za vanjske postaje u sloju od 200-300 m. 
T--S dijagrami pokazuju djelovanje atmosfere na vodene mase u zimsko.i 
sez-oni kao i utjecaj dotoka Nila prije i poslije izgradnje veli!ke brane. Uspo­
redba motrenih i izračunatih struja za. ljeto pokazuje da geostrofička cirku­
lacija predstavlja glavnu komponentu strujanja. Strujanje u kasnom ljetu 
(listorad) se jako razhkuje od zimskog str.ujainja. 




