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ABSTRACT 

Tl>I.e dynamic top~~raphy of the south eastern sector 
of the M~diterranean Sea is shown during the flood 
season b~fore and after the Aswan High Dam and during 
the winter season for three d~pths, surface, 50 m and 
100 m. D~fant's principle for reference level was, 
applied at off~hore stations, while Groen's method was 
used at coa~tal stations. One hundred and fifty hydro
graphic stations were used in the analysis. The level 
of no mJtion is b~tw~en the 200 to 300 meter layer for 
the offshore stations. THe T-S diagrams show the 
interaction between atmosphere and sea on the water 
m'lsses during the winter season, and the effect of the 
Nile flood before and after the construction of the high 
dam. Com;Jarison between observed and calculated
g~ostrophic current during the summer confirms that 
the geostrophic circulation constitutes the principal 
com;JJnent of the total circulation. The circulation 
pattern for late summ~r (October) is noticeably distin
guishable from that for the winter season. 

INTRODUCTION 

Direct current measurements over the continental shelf off the 
Nile De:ta are very scarce. Only five measurements were taken 
froIn a few localities by intemational research vessels and by the 
Su~z Canal Authority (Sharaf El Din, 1972 B). 

The common feature of the current system along the Egyp~ian 

coa<;t, is a ,vest-east f:ow. Before the construction of the Aswan 
High Dam, the effect of the Nile flood along the coast was nd"iceable 
to a few kilometers away from the coast and to maximum depth of 
] 00 m (Sharaf El Din, 1972 A; Gorgy, 1965). During w"inter 
months, the current pattenl is diHenltt from that in the sumrner. 
This is attribut,ed above all to wind action. Different investigators 
ha\'~ attempted to fonnulate the circulation pattenl in the :rv1edi
te.rranean Sea (Ovchilllnikov, 1966), while others investigated the 
current regime in the area between the Lebanese coast and Cyprus 
(Engel, 1967). 

In this paper, the dynamic topography at the diffferent levels 
wi] be studird using the temperature, salini:ty and donsity observa
tions over the continental shelf in the area bounded by the south 
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and east coasts of the Mediterranean Sea \to latitude 34°N and, 
longitude 27°E. These obseIVatioos were taken during the flood 
p~riod (SepterrJber-October), before and after the construction of 
Aswan High Dam and in the w:nterseason (non flood season). Forty 
five hydrographic stations were taken (during September-October} 
before the construction of the High Da~ and 49 stations were taken 
after the stoppage of the Nile flood. During the winter season 
OIlJly forty on'e stations were used in this analysis. The ,vater 
characteristics and the geostrophic current will be described during 
these seasons. 

DATA AND METHODS USED 

The data used in these ana lyses ,vere taken by the different 
research ,~essels as follows 

Calypso from 22 to	 23 October 1956 

Vavilov from 3 to	 6 October 1959 

16 Octobe'r 1964

Shoyo-11aru from 17 to	 21 March 1959 

()vcica & Golobica from 16 to 20 October 1960 

from 4 to 11 October 1961 

Chypre 04 from 19 to	 20 February ·1965 

Ichthyolog from 6 to 14 Oc~ober 1966 
from 11 to 14 Scptenlber 1970. 

Figurc.C} 1, 2 & 3 show the locations of the hydrographic sta
tions during the three seasons. 

The reference level was da~culated using Defant's hypothesis 
(1941) only at the deiep ~tations. In the shallow parts of the in
vestigated area, where the depths were less than the depth of 
the reference level computed for the deep stations, Groen's method 
was applied (Groen 1948). In this method the isoste~es at each 
·level in the imaginJary water mass (solid part) hav,e a constant 
slope equal to the s:ope of the isosteres at the point where it meets 
the bottom line. From the dynamic neight computations, geo
potmt;1al topography charts for the surface,	 50 db and 100 db 
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relative to the selected reference level were made. l'hese chart~ 

represent th'e flood period before and after the High Dam as well 
as the winter season. Geostrophic velocity profiles were mnde for 
different pairs of stations and were plotted for the three periods 
mentioned before. 

WATER CHARACTERISTICS 

The water masses in the investigated area (Figs. 1, 2 & 3) 
are identified during the flood season before and after the High 
Dam and during the winter season. Figure 4 show~ temperature 
versus salinity for the observations taken in the art~l during the 
flood period before the High Dam. The .effect of the Nile flood 
is indicated in the T-S curve by surface coasta: water of low 
salinity (26 to 36ro) and high temperature (22 to 26°C). The 
effect of the Nile flood clisappelars at the offshore surface stations 
as shown in Fig. (5) which gives a surface water of high salinity 
(39 to 39.4%0) and high temperature (about 19°C to 25°C). A 
layer of subsurface minimum salinity (~ess than 39%0) and low tem
perature ('about 16.5°C to 19°C) is observed between 50 m to 100 
m depth. Below that depth the salinity slightly jncreases while 
the temperaJtulie decreases. The deep water (be:ow 300 m) is 
characterised by low salin~lty (38.6 - 39.0%°) and low temperature 
(13.3 to 14.8°C). 

The stratification of the water masses during the same season 
after the d~ppearance of the Nile flood due to the construction 
of the High Dam, ill the same at the different depths except 
for the surface layer. The surface layer without the Ni2.e flood 
shows wide range of salinity from 36%0 near the coast to about 
39.5%, at the offshore stations (Fig. 6). 

During the winter season {February-March) the characteristics 
of the water masses are shown in the T-S diagram (Fig. 7). This 
T-S diagram illustrates the homohallne condition in the whole 
water co~umn with small range of salinity from surface to bottom 
layers. The surface layer (from 0 to 50 m) has an average salinity 
of 39%0 and temperalture between 16.2°C to 18°C (Sigma-t around 
28.5). The salinity shows a slight decrease in the subsurface layer 
(50-100 m), followed by a slight increase at the intermediate layer 
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(100--300 m). The deep water shows again a sligHt decrease in 
salinity. However the differences in salinity are much less than in 
summer and indiate a great homogeneity due to the w:nter con
vection. The Sigma-t values reflect such a sma:l stability. 
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The bottom water remains almost the same during m()st of the 
season. The bottonl water (below 300 m) has a salinity of about 
38.8% and temperature 13.5°C (Sigma-t = 29.2), similar to that 
\"hich was observed during September and Octoher. The bottom 
water masses correspond exadtly to that found before by Po]ak 
(1951) and Wust (1961) in that area. 
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GEOPOTENTIAL TOPOGRAPHY OF THE SOUTH 
EASTERN SECTOR OF THE MEDITERRANEAN SEA 
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a) During the flood period before the High Dam : 

The reference level is 'a necessary paramenter to convert the 
geopotential anomalies into geopotentiaJ! topography. In the coa
stal stations, the level of no motion was calculated using the in
t~rpolation method by Groen (Groen 1948). At the offshore sta~ 

tions the Level of no motion was found to be between 2001aIld 300 
m belo\v the surface. Before the construction of the AS1Nan High 
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Dam the data used in the calculation were taken from different 
stations, during October of different years (Fig. 1). 

The geopotential topography for the surfac,c, 50 In, 100 m 
belo\v the surface re:ative to thc sdect;ed lIC"fcrencc level of the 
pair of the stations are plotted in figure 8. 

The geopotential topography and associated circulation pattern 
near the coast follow the gmeral trend of the f:ow in the Medi
terranean Sca from west to cast,. At the surface the effect of the 
Nile flood is indicated by the strong concentration of the isobars 
in front of the Delta. This flow slightly diminishes in intensityeast
wards. The general flow near the {'astern ~1 editerranean coast off 
the Palc-stinian and Lebanese coast is northward. Away from the 
coast at a distance of 10 to 20 kIn, the flow turns to south w.esterly 
direction. The origin of this reversa~ could not be traced from this 
study but it originate.s somewhcllc near Cyprus. This trend was 
predicted from the current measurements takrn during thf' Calypso
Expedittion in 1956 (Lacombe & Tchemia 1959) and \vas also noted 
by Ernery and George (1963). 

The cyclonic eddy found in the surface layer at 33°N and 
28°£ disappears at depth.c;; Sam and 100 m. The anticyclonic eddy 
in front of the Lebanese coast is strongly developed at the 50 m 
and 100 ill depth. In genera1, the flow pattlenl at 50 ill and 100 m 
resembles very closely that at the surface with various eddies at 
diff'f'ren~ spots. After the construction of the Aswan High Dam, the 
data are very insufficient to make any reEable analysis. This is 
due to the fact that most of the sampling stations vvere concentrated 
in the area infront of the Egyptian coast. 

b) DU1~ing the winter season : 

The hydrograph:c stations used in these cornputations arc those 
of February-Jvfarch of the years 1959, 1965 and 1971 (Fig. 3). The 
dynamic topography of the area under investigation at the surface, 
50 In and 100 m below surface is shown in Figure (9). The topo
graphy of the sea surface relative to the seleoted reference level 
agrees with the general flow in the Mediterancan Sea. The 
gcnstrophic flow goes almost p~rallel to the North Africa coast 
and then is deflected to the north easterly direction along the 
Lehanese coast. 
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At latitude 32"N in front of the Suez Canal 'a cyc:anic eddy is 
dev.eloped at the surface and is strengthened at depths 50 m and 100 
m below surface. Another cyclonic eddy exists at the surface at 
~atitude 33°N and longitude 28° to 29° E. This cyclonic eddy also 
persists at other depths (Fig. 9). The surface eddy may be attri
buted to the prevailing north-west wind during that season. At 
depths of 50 m and 100 m below the surface, the flo\v pat1tem re
s.embles very closely that at the surface. 

GEOSTROPIIIC CIRCULATION 

a) Before the /-{igh D(lm : 

In this section the vertical distribution of the gcostrophic flow 
is investigated during the flood plT~od (S,~~ptember-October). T'h~ 

v,eostrophic velocity was calculated from the dynamic topography 
using the standard procedure. During the flood b~fore the. I-ligh 
Darn, the velocity of "the water flow near the nile's branches reach 
300 em/sec. During the flood period in summer the atmospheric 
condition is fairly stable. In this case the geostrophic circulation 
constitut~s the principal compor.ent of the total circu~ati()l1. 

Using the dynamic computations, s:x stations (No. 39, 40, 41, 
42, 44, 45, Fig. 1) were taken in the shallow area in front of the Nile 
Delta affected by the flood. Sioc other stations were taken (No. 78, 
79,80,81,85 and 86, Fig. 1), in the deeper areas away f,rom the effect 
of the Nile flood. The geostrophic currents were calculated bet
'ween each set of two stat:ons taken over the investigated area. Each 
two stat,ions were takr-n in direction perpendicular to coast to get 
the current parallel to it (ft; the main current is from west to cast. 
Figure (10) shows th~ geastrophic velocity profile at th~ onshore 
stations "vhere the effect of the Nile flood flow is clear. The velo
city of the flow deduo~d from the dynamical computations at 
these stations rang-es from about 200 em/sec. at the mouth of the 
two branches of Nile to 120 em/sec. in front of Lake Burollos as 
can be .expected, directed to the east at the different depths. The 
calculated geostroph;c current agrees with the measurement taken 
by the Yougoslavian vessel during October 1960 (Gorgy). The 
surface velocity measurred by the Ekman current meter during 
October 1960 were 4 to 6 knots (Gorgy 1965) over the continental 
shelf in front of the Nile Delta. This veloc:tty drops to a'minimUln 
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of 6 em/sec. ott the Lebanese coast sometimes reaching a maximum 
of about 25 em/sec. (Emery and George 1963). At the offshore 
stations, figure 1-1 shows the geostrophic velocity profile between the 
pair of s~ations 78-79, 80-81, and 85-'86 respectively. At the 
surface layer the flow is direc~ed to the west with maximum velocity 
of 8 em/sec. The velocity profile between stations 79 and 78 
(Fig. 11) gives three levels of zero motion, at 230, 300 and 700 m 
re&pectively. In Fig. (11 b), the velocity profile giv.es two levehJ 
of no motion at depths 130 m and 250 m below surface wilth a velo
city direction to the .east at the bottom layers. Between stlaions 85 
and 86 the geostrophic velocily profile from surface to bottom is in 
the west direction at all depths. 

b) After the High Dam: 

After the High Dam twelve other stations ,,,,ere taken, six in
shore (No. 15, 16, 9, 10, 3,4) and six offshore (No. 13, 14, 11, 12, 
5 and 6), only the profiles of the geostrophic flow of the offshore 
stations will be discussed in details. Figure 12 shows the geostro
phie velocity profile between the pair of the station, 14-13, 11-12, 
and 5-6 respectively. The magnitude of the calculated velocity 
at different depth are fairly similar to the observed roe by the ship 
Carsamba at a station 330 52' Nand 30° 34' E during October 1968 
(Guibout 1972). 

The velocity profile between the stations 14 and 13 (Fig. 12). 
gives an easterly flow at the surfaoe and down to a depth of 200 m 
and then westerly flow in the rest of the layers. Betw'een stations 
11·12, the velocity profile (Fig. 12), gives a westerly flow in the 
surface layer, then easterly flow below 250 m\ depth. A westerly 
flow was shown behveen stations 5 and 6 at all depths. TI1c 
maximum velocity reaches about 18 em/sec. at the surface layer 
and 12 em/sec. in the deep layers. This indicates the same pattern 
observed before the High Dam, ,vhich can be expected. 

c-During the winter season : 

During the winter season, where the intermediate water of 
high salinity is observed in the Levantinc Basin, the geostrophic 
velocity profile at the offshore stations is different from one station 
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to another. Bet\vcen stations 17 and 18 (Fig. 13), the velocity 
profile gives an easterly flow in tile surface layer w~'th a maximuol 
velocity of 18 em/seC!. and a westerly flow below 200 fit depth 
The flow between 7 and 8 (Fig. 13), is directed to the east at all 
depths with maximum· velocity of 22 em/sec. at 300 m depth. 
Again the geostroph:c velocity profile between stations 5 and 6 
g'ives an castrr~y flow dO\'\tn to drpth of 250 m and \.v.~sterly flow 
below that level. This variation in the velocity profile from olBe 

station t.o another can be attributed to the effrct of the cyclonic 
"J eddys which exist in that ar('a. 

DISCUSSION AND CONCLUSIONS 

Dilrect CUITent measurements in the south-eastern sector of the 
~dediterranean Sea are very scarce. For that reason the current 
pattern cnnlputed from the oceanographic data is a solution to ~V(~ 

the general circulation off the Egyptian Mediterranean coast. 
I'he dynamic computation for determining the geostrophic current 
depends to a great extent on the choice of the reference level. At 
deep staticns there are no problem~, while at the shallow statiODS 
the uncertainty in the choice makes it difficult to rdy upon the 
rc.:;u1t. 

The effect of the Nile flood is clearly indicated in the chart 
of the g'fopotential topography of the surface. The effect is 
di!ninished to\vards the east and to tow"ards the bottom. Also 
this effect was indicated on the T-S diagranls during the period 
SeptembfT-Octobcr before the c-rection of the 11igh Dam, and 
\vas absent after the Dam's erection. 

The coincidence of hIgh temperature (22°C to 2611C) and 10\\1 

s1.1inity (26 % to 36 70 ), shorwn in the T - S diagram dearly 
characterise the effect of the Nile flood. This body of water 
disappeared after damrning the River Nile. The ",,"ater circulation 
off the eastern coast of Mediterranean Sea turns to a south westerly 
direction as observed before hy lacomhe and Tchernia (1959) and 
Erncry and George (1963). 

The gcopotcntial topography at differf'nt depths referred to the 
s·Jected referf'l1cc level rcprescnt-s the condition clearly at these d('pth~ 
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during the period of investigat:on. A good indicatoi'n of that rep· 
resentation is the agreement between the calculated and observed 
velocities at some locations in the investigated area. The water 
masses in the south eastern sector of the Mediterranean Sea vary 
from one ocason to another. In winter the Levantine water of high 
salinity and high temperature exists in the layer 100-300 m depth. 
The surface waters on the other hand ar.e exposed to seasonal varia
tion." mainly due to the meteorological conditilons. The bottom water 
remains almost the same dur:ng the different seasons of the year. 

To establish the circulation pa,t.tems in the south-eastern sector 
of the Mediten'lanean Sea, Oceanographic data must be associated 
with current measurements. This will throw' more light on the 
validity of the application of the circulation theorem involving the 
relationship between the field of sea water density and the current 
velocity field. 
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