
Arab Gulf1. Scient. Res., 16 (1), pp. 45-63 (1998) 

The Seasonal Changes of the Circulation Pattern in the 

Arabian Gulf Deduced from the Field of Mass 


Eid, F.M. and El-Gindy, A.A. 

Oceanography Department, Faculty ofScience, Alexandria University, 

Alexandria, Egypt 


ABsTRAcr. Hydrographic data, collected in the period 1933-1992 (from 
NODe, USA), in the Arabian Gulf and the area near the Strait of 
Hormuz in the Gulf of Oman, are used for the evaluation of the surface 
density current in the Arabian Gulf relative to 50 decibar level. The 
current speed has attained its highest value in summer where it reaches 
a value of 19 cm/sec, whereas the lowest values are found in winter 
and autumn with a range of 2-8 cm/sec. This is explained by the strong 
horizontal and vertical mixing in late autumn and winter, which causes 
lower density current values while in summer, more stratification is 
established. The cyclonic eddies are deduced in the north and the south 
of the study area in winter and summer; this agrees with the previous 
current measurements and the ships drift data. The present model 
suggests also anticyclonic gyre in spring and autumn. 

The Arabian Gulf lies between the latitudes 24° and 30° 20'N and longitudes 48° and 
56° 30'E (Fig. 1). It is a shallow water basin where its mean and maximum depths 
are 35 and 100 m respectively. The Arabian Gulf is characterized by a high 
evaporation rate where the evaporation rate exceeds the precipitation falls on the 
Gulf and the runoff from the adjacent lands. Hence, it represents a negative estuary 
with an inflow from the Gulf of Oman "Indian Ocean surface water" and a deep 
outflow at the Strait of Hormuz towards the Gulf of Oman (Hunter 1984). The 
dominant wind direction in the area is from the N to the NW, but during September 
when the Monsoon of Indian Ocean reaches the eastern side of Qatar with E to NE 
winds (El-Gindy and Sabra 1992). 
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Fig. 1. Arabian Gulf and its bathymetery. 

The investigation of the circulation pattern in this area is important in different 
fields such as pollutant transport as well as in biological, chemical and geological 
studies. The non-tidal current, including wind driven and density currents, has been 
studied by several authors . The ships drift data were used by Szekielda et al. (1972), 
Szekielda (1976) and Hunter (1982) . The hydrographic distributions were used as 
tracers of water motion by Schott (1918), Sewell (1934), British Admiralty (1941), 
Emery (1956), Sugden (1963), Duing and Koske (1967), Leveau and Szekielda 
(1968), Hartmann et al. (1971), Szekielda et at. (1972), Grasshoff (1976), Szekielda 
(1976), Brewer et al. (1978) and Hassan and EI-Samra (1986). These studies showed 
cyclonic residual currents associated with the pressure gradient due to the mass 
distribution . 

Numerical models have also been applied to simulate the circulation pattern in 
the region (Hunter 1982). Assuming the geostrophic balance across the Gulf axis and 
frictional balance along the axis, it was found that the two layer pattern of exchange 
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at the Strait of Hormuz between the Arabian Gulf and the Gulf of Oman is due to the 
high evaporation rate in the Arabian Gulf (Hunter 1982). Hunter (1983) predicted a 
surface current 10 cm/sec along the Iranian coast. AI-Hajri (1990) found that the 
wind stress has an important influence on the current system. The density current 
was calculated using hydrographic data collected in February and May 1992 (R/V 
Mount Mitchell) and in February, 1977 (RN Atlantis II), Lardner et at. (1993). Near 
the Strait of Hormuz, the maximum surface velocities were ranging between 10-12 
cm/sec as indicated from Mount Mitchell data whereas the maximum surface 
velocity was found to reach 17 cm/sec as indicated from Atlantis II data. This 
evidence raises the question of annual variations. According to El-Gindy and 
Habashi (1993), the sea surface temperature has annual variations correlated to those 
of air temperature. Cold and warm winters were identified with a temperature 
difference of about 2°C. The Mount Mitchell data were collected during a cold 
winter and the Atlantis cruise was in a warm winter. The changes in the density 
current could be related to these temperature variations. 

The most important direct current measurements were done during the cruise of 
R/V Mount Michell (February-May 1992), using recording Aanderaa current meters 
in different localities from the Strait of Hormuz to a longitudinai section passing by 
Qatar Peninsula. The residual surface and bottom currents for the whole period was 
less than 6 cm/sec. The two opposite flows, deduced from indirect estimates at the 
Strait of Hormuz, and the anti-clockwise gyre in the southern part of the Arabian 
Gulf were confirmed, Saad and Ahmed (1993). 

The different authors agreed about the pattern of exchange at the Strait of 
Hormuz and the cyclonic eddy in the southern part of the Arabian Gulf. The current 
system in the NW of the study area is not well known. The objective of this paper is 
to study the seasonal variations of surface density currents in the Arabian Gulf 
relative to 50 decibar level. 

Data Collection and Method of Analysis: 

Hydrographic data collected by different cruises in the period 1933-1992 
(obtained from National Oceanographic Data Center, at Washington, USA, and 
Oceanographic data records in Qatar University) are analyzed (Table 1). These data 
were grouped to represent the different seasons; winter which includes January, 
February and March; spring which includes April and May; summer which includes 
June, July, August and September, and autumn which includes October, November 
and December. The annual variations in these data were investigated by El-Gindy 
and Habashi (1993). They concluded that the relevant annual changes occur in 
winter season; the cold winter is typically represented by the data in February 1992 
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(Mount Mitchel NOAA cruise), while most of the winter data were collected in a 
warm period with an increase about 2 °C in sea water temperature. In this paper only 
the warm winter data are used. Figure (2) shows the location of the hydrographic 
stations in the Arabian Gulf during different seasons. These data were edited by 
checking of the vertical stability and the horizontal distributions of temperature, 
salinity and density. The odd values were either replaced by an interpolated value or 
deleted from the data set. The temperature and salinity at the irregularly distributed 
stations were grided at different six levels (0, 10, 20, 30, 40 and 50 m) to get the 
values at the same grid nodal points in the different seasons (EI-Gindy and Hegazi 
1996). 

The steric components (thermal, haline and total steric departures from mean 
sea level) are calculated in the Arabian Gulf using Pattullo et al. (1955) equations. 
The average values of these components are calculated in three regions: 

i) Region 1, the northwestern region, is located from longitude 48° E to 51.25° 
E. 

ii) Region 2, the central region, lies between longitudes 51.25° E and 54.25° E. 
iii) Region 3, the eastern region, lies between the longitude 54.25° E to the strait 

of Hormuz at 56.25° E. 

To calculate the current velocity in the Arabian Gulf from the field of mass the 
following method is used. Starting with the hydrostatic equation the total water 
height (Z) due to the variation of density can be expressed by: 

Po 

Z =g-I f Pa .1a dP 

where: 

g is the acceleration of gravity. 
Pa is the atmospheric pressure. 
Po is the pressure at the reference isobaric surface. In this study the reference 

surface is taken at 50 db surface. Hence, 

where a is the specific volume at a given level at the station and a o is its value 
at the reference depth. 
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Table 1. Sources of hydrographic data used in the present study. 

Month Year Country No. of casts Total No. of 
casts 

January 1961 
1969 
1987 

USA 
UK 
Qatar 

103 
3 

15 

121 

February 1960 
1961 
1967 
1977 
1984 
1987 
1992 

USA 
USA 
UK 
USA 
Qatar 
Qatar 
USA 

13 
30 
36 
29 
14 
28 

120 

270 

March 1961 
1965 
1965 
1967 
1969 
1984 

USA 
USA 
Germany 
UK 
UK 
Qatar 

9 
2 

38 
5 
5 
9 

68 

April 1950 
1965 
1986 

USA 
Germany 
Qatar 

I 
45 
13 

59 

May 1961 
1966 
1967 
1992 

France 
USSR 
UK 
USA 

24 
4 

41 
75 

144 

June 1968 USSR 5 5 

July 1968 
1984 

USSR 
Qatar 

36 
18 

54 

August 1968 USSR 102 102 

September 1962 
1968 
1985 
1986 

India 
USSR 
Qatar 
Qatar 

4 
32 
26 
44 

106 

November 1933 
1963 
1968 
1983 
1984 

UK 
USA 
UK 
Qatar 
Qatar 

5 
5 

25 
3 

II 

49 

December 1933 
1949 
1984 

UK 
USA 
Qatar 

I 
3 

13 

17 



50 The Seasonal Changes of the Circulation Pattern in the ... 

48 50 52 54 56 5848 50 52 54 56 58 

cil 
Q) 

o 

Long. Deg. 

48 50 56 5852 54 56 58 

OJ 
Q) 

o 

Long. Deg. 

Fig. 2. Location of hydrographic stations used in the present study (after El-Gindy and Hegazi, 
\996). 

To estimate the relative current, it is supposed that the sea surface is inclined to 
the level surface by an angle edegree . This can be achieved by the balance of two 
forces: the pressure force and the Coriolis force, and the bottom friction is ignored. 
This can be expressed by: 

20 sin0 V =g tane 

Therefore, the current can be given by the equ ation : 

V = g tane/ 2D sin0 

• April 

x May 

30 

28 

Long. Deg. 

52 54 
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where: 

¢ is the geographical latitude; and n is the angular speed of the earth's rotation . 

The slope of the sea surface can be determined by: 

tan ex == fJ.Z / fJ.X; tan ev == fJ.Z / fJ.Y 

in x- and y- directions respectively . The x-direction is taken to the east and the y­
direction to the north. fJ.Z is the difference in steric height between two stations. fJ.X 
and fJ.Yare the distances between the stations (or the points of the data interpolation) 
in the x- and y- directions. In this work, they were chosen as a half degree longitude 
and a half degree latitude respectively. 

Thus, the x- and y- current components can be expressed by: 

v == g tan ex / 2 n sin¢ 
u = -g tan ev / 2 n si n0 

The total current speed C is the vector sum of the above two components , i.e. 

and the direction D is given by : 

D = tan- 1 v / u 

To estimate the current velocity at the center of each grid, the average values of ' 
u and v at the sides of the grid were estimated and then the total current velocity was 
computed. 

Results and Discussion 

1) Steric heights in Arabian Gulf: 

i) Thermal departure: 

The thermal departures from mean sea level are shown in Fig. (3) . Due to the 
low temperature during winter, Fig. 3a indicates that the thermal component is 
variable between -2 and -6 cm. This depression is deeper in the northwestern part 
than in southern part. 
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Fig. 3. The distribution of thermal departures from mean sea level (cm) in the Arabian Gulf during 
different seasons. 

The thermal departure during spring (Fig. 3b) changes between -6 and 0 cm. 
Also, the sea level is depressed at the northern side and raised gradually up stream. 

In the Arabian Gulf, due to the increase in water temperature during summer, 
the thermal height becomes positive and relatively large. It is changed from 4 to 9 
cm as shown from Fig. 3c, with higher level in the SE of the Gulf. 
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During autumn, the water temperature decreases, and consequently the thermal 
height decreases. The sea level due to thermal departure varies between - 0.5 and 2.9 
cm as shown in Fig. 3d. 
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Fig. 4. The distribution of haline departures from mean sea level (em) in the Arabian Gulf during 
different seasons. 

ii) Haline departure: 

The distribution of haline departures from mean sea level in the Arabian Gulf 
during different seasons are shown in Fig. (4). During winter, Fig. 4a, the haline 
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component is more effective than the thermal ones specially at Strait of Hormuz due 
to the effect of diluted Oman water. The haline height oscillates between -2.S cm at 
the northern part and 10 cm near to the Strait of Hormuz, this trend reflects the 
salinity distribution in the Arabian Gulf. 

During spring, Fig. 4b, the sea level changes due to the haline departure 
fluctuates between -3 and 9 cm, with low values in the north and south of the Gulf 
and higher values along the Iranian side. 

During summer, Fig. 4c, the sea level changes due to salinity varies between -2 
and 4 cm, and it is lower along the Arabian side than that of the Iranian side. 

During autumn, Fig. 4d, the sea level changes due to haline departure shows that 
the sea level is depressed by about -4 cm at· the northern boundary and raised by 
about 13 cm near the Strait of Hormuz. 

iii) Total steric departure: 

The distribution of the total steric departures from mean sea level in the Arabian 
Gulf are shown in Fig. (5). The steric component is the situation of sea level in 
Arabian Gulf under the effect of both temperature and salinity together, i.e. under the 
effect of water density. During winter, Fig. Sa shows the influence of both 
temperature and salinity on sea level changes which ranges between -8 cm at the 
northern boundary of the Gulf and 8 cm near to the Strait of Hormuz. 

During spring, Fig. Sb represents the total steric departure which is considered 
to be large. The sea level is depressed due to density by about -6 cm at the northern 
boundary of the Gulf and raised by about 10 cm near the Strait of Hormuz. Thus, the 
steric effect during spring is mainly thermal at the northern and central regions of 
Arabian Gulf, while it is mainly haline along the eastern boundaries. 

The total steric effect on sea level variation during summer is relatively strong 
(Fig. Sc). The steric height fluctuates between 4.S and 12 cm. By comparing the 
contribution of both temperature and salinity on sea level fluctuations during 
summer, it is clear that, the steric effect is mainly thermal. 

During autumn (Fig. Sd) the steric height is small and varied between -2.5 and 
1.S cm. Thus it is clear that, the steric height during autumn is mainly haline. 
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Fig. S. 	The distribution of total sterie departures from mean sea level (em) in the Arabian Gulf 
during different seasons. 

Table (2) shows the average values of the steric heights in Arabian Gulf. From 
this table, it is clear that, in the north-western and central regions, the steric height is 
mainly thermal except during autumn . While in the eastern region, it is mainly haline 
except during summer. In the Arabian Gulf, as a whole, it is seen that, the 
temperature variations play ' an effective role in the variability of sea level. The 
salinity variations affected only during autumn and near the strait of Hormuz. 
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Table 2. The average seasonal steric heights (cm) in the Arabian Gulf. 

Region Steric Winter Spring Summer Autumn 

North-western Thermal 

Haline 

Total 

-4.61 
-1.48 

-6.08 

-4.98 

-0.54 

-5.52 

4.64 
0.06 
4.70 

1.93 
-2.62 

-0.68 

Central Thermal 

Haline 

Total 

-3.99 
-0.34 

-4.33 

-3 .01 
0.57 

-2.45 

6.12 

0.09 
6.22 

0.70 
-2.65 

-1.95 

Eastern Thermal 

Haline 

Total 

-2.43 

5.66 
3.23 

-0.66 

6.34 
5.68 

7.71 

3.65 

11.36 

2.46 
9.80 

12.26 

Arabian Gulf Thermal 

Haline 

Total 

-3.95 
-0.10 
-4.05 

-3.33 

0.98 
-2.35 

5.86 
0.23 
6.09 

1.43 
-1.11 

0.3 I 

2) Density Currents in Arabian Gulf: 

The surface density currents in the Arabian Gulf during the different seasons are 
represented in Fig. (6). During winter, (Fig. 6a), whose data represent the warm 
winter (with a temperature higher than climaic mean, EI-Gindy and Habashi, 1993, 
EI-Gindy and Hegazi 1996), the ranges of the current speed at the sea surface are 2-5 
cm/sec, 2-10 cm/sec and 2-15 cm/sec in the northwestern part of the Arabian Gulf 
(west of 52° E), south of the Gulf (52° - 55° E) and at the Strait of Hormuz 
respectively. Inside the Arabian Gulf, two cyclonic eddies are manifested in the 
north and the south of the area. 

During spring (Fig. 6b) the ranges of the current speed are 2-10 cm/sec, 2-15 
cm/sec and 2-5 cm/sec in the above mentioned sub-regions respectively . The two 
cyclonic eddies in the northwest and the south of the region, observed in Winter, are 
replaced by anticyclonic ones, with a dominant current from east to west in the 
southern part. 

During summer (Fig. 6c) it is seen that, strong currents are generated by density 
field. The speed ranges at the above mentioned sub-regions in study area are 2-19 
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Fig. 6. Surface densitycurrents in the Arabian Gulf during different seasons. 

cm/sec, 2-18 cm/sec and 2-15 cm/sec respectively. The cyclonic eddies are again 
generated in the southern part. In the north, at the surface, the flow is dominated by 
currents from southeast to northwest direction, with no gyral motion. 

During autumn (Fig. 6d) where few data are available, it can be shown that, the 
current speed at its lowest values of the year. It varied between 2-8 cm/sec between 
longitudes 50° and 54° E near the Arabian side of the Gulf. 
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Conclusions 

The seasonal steric components (thermal, haline and steric heights) are 
calculated in the Arabian Gulf for the upper 50-m layer. From the variability of sea 
level due to the steric height distributions, the circulation pattern in the Arabian Gulf 
is estimated. The results revealed that: 

Temperature variations have the most significant effect on sea level variations. 
The effect of salinity on sea level changes is significant only near the Strait of 
Hormuz. The fluctuation of sea level due to the density distributions is relatively 
large. The seasonal distribution of steric height showed that the sea level is 
depressed during winter and spring and it is raised during summer and autumn. The 
minimum value of steric height (about -4 cm) is found during winter and the 
maximum one (about 6 cm) is observed during summer. 

The density current speed has the highest value in summer, where it reached 19 
cm/sec. While, its lowest values (2-8 cm/sec) are found in winter and autumn, which 
are the seasons of the acti ve water mixing. 

The cyclonic eddies are weI demonstrated in winter and summer, in the north 
and south of the Arabian Gulf, while anticyclonic eddies are shown in spring. 

At the Strait of Hormuz, the flow is always towards the Arabian Gulf, but 
sometimes there is an indication of opposite flow near the Arabian coasts . These 
results coincide with the residual currents obtained from Aanderaa recording current 
meters, taken during Mount Mitchell cruise 1992 (Saad and Ahmed 1993), and the 
flow deduced from the ship drift reports analyzed by Hunter (1982). Therefore, 
although the friction term is neglected in the present model, the model gives 
reasonable good results confirmed by the observations. 
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