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Abstract
The oceanographic data collected along a transect in the Exclusive Economic Zone (EEZ) of Qatar during late 
summer (September 2014) and winter (January 2015) have been analyzed to inves�gate the spa�al and temporal 
variability of hydrography and biogeochemistry. The study reveals that stra�fica�on is dominant in the deep water 
regions during September, with a ver�cal varia�on of around 9 °C from surface to bo�om. However, the water 
column remains in  homogeneity during January due to strong wind mixing and surface cooling. The dissolved 
oxygen (DO) in the upper layer of the EEZ is on a reasonable range in both the seasons, while they gradually 
decrease with respect to depth in the mid and bo�om layers during January. This leads to hypoxic condi�ons in 
summer. Chlorophyll- a (Chl- a ) is rela�vely high during summer in the offshore region, while that in the nearshore 
region is very low. The variability in the physical and biogeochemical parameters has shown significant effects in 
the primary produc�vity in the EEZ of Qatar.

Background
Understanding regional and seasonal hydrography and biogeochemistry is essen�al to predict the effects of 
environmental stressors and global climate change. Water column structure and distribu�on of water masses 
determine proper�es and status of various habitats. Assessment of seawater quality, marine produc�vity and 
ecological status is performed by monitoring physical and biogeochemical parameters  such as temperature, salinity, 
density, dissolved oxygen (DO), chlorophyll-a (Chl-a) and water masses. The present study aims at inves�ga�ng the 
variabili�es in the above physical and biogeochemical parameters in two different seasons (summer and winter) and 
the role of currents in the transport of these variables. The significance of this work stems out from the following 
studies: (i) Regional and seasonal hydrography in the predic�on of effects of environmental stress and global 
change, (ii) water column structure and water mass distribu�on to determine the proper�es and status of various 
habitats and (iii) assessment of water quality, marine produc�vity and ecological status by monitoring marine 
biogeochemical parameters.

Area of study
Qatar Peninsula is located at the central Gulf with approximate dimensions of 85 ×160 km (area: ≈11,437 km2) 
projec�ng northwards from the Arabian Peninsula into the Gulf, centred at 25°N and 51°E (Figure 1). The 
geographical se�ng of Qatar peninsula firmly influences the currents, waves and sedimenta�on pa�ern along the 
central and southern Gulf. Several other elements of the ecosystem such as biological produc�vity and nutrient 
regenera�on might also be influenced by physical and geographical se�ngs ( Al-Ansari, 2006 ). 

Data and Methods
The ver�cal profiles of physical variables in the water column were measured using 
Conduc�vity-Temperature-Depth (CTD) system (SBE-911plus CTD) onboard R/V Janan in 
September 2014 and January 2015 (herea�er referred to as late summer and winter, 
repec�vely) at five sampling loca�ons (Figure 1), represen�ng different water masses. 
The density, o�en represented by poten�al density (sigmat), has been obtained from the 
CTD records using the formula described in Fofonoff and Millard (1983). Sea water 
samples for the analysis of biogeochemical parameters, DO and Chl-a, were collected 
using new, acid cleaned PVC-Niskin bo�les of 12-litre capacity, a�ached to the Seabird 
CTD system. Mul�ple samples were collected from each sampling loca�on at different 
depths. 
The protocol described by Parsons et al. (1984) was followed for sample prepara�on, and 
further analyses were carried out in the laboratory using classic Winkler method 
(Winkler, 1888). For the determina�on of Chl-a, the samples were filtered through 47 
mm diameter, 0.45 μm Millipore nitrocellulose membrane filters in reduced light using 
Millipore glass filtra�on apparatus. 

Summary
The temperature distribu�on along the transect shows well defined varia�ons between late summer and winter, which 
is a characteris�c feature of the Arabian Gulf waters. In winter, the upper layers are more homogenous than the late 
summer, with less ver�cal salinity varia�ons. The salinity differences are not significantly different between the two 
seasons, but the temperature presents dis�nct varia�ons. The well-mixed, cold waters during January allows the DO to 
be uniformly distributed with depth, while the stra�fied waters during September reduce the DO towards the deeper 
layers in the water column, leading to hypoxic condi�ons below 47 m depth. Furthermore, interes�ng varia�on is 
observed in Chl-a concentra�on between late summer and winter, and the fluctua�on is quite high with depth during 
late summer, and homogenous during winter. The findings conclude that the produc�vity of the EEZ waters of Qatar is 
directly linked to eddy circula�on in the central Gulf, winter cooling, wind mixing and disintegra�on of the cyclonic 
eddies. Hence, in order to make any assessment of the produc�vity of Qatari EEZ, the general circula�on in the central 
Gulf has to be inves�gated in detail.

Figure 1. Arabain Gulf, EEZ of Qatar and sampling locations

Results
Seasonal variations
The temperature varia�ons during late summer and winter are 23.5-33.3°C, 19.3-22.3°C, respec�vely, where higher 
horizontal and ver�cal variability is found during late summer (Figures 2 and 3).
There exists seasonal difference in salinity, although it is small, 38.85-45.70 and 40.09-45.88, respec�vely during 
late summer and winter, respec�vely. However, the ver�cal varia�on in salinity (a difference of 1.14) in the deepest 
sta�on (Stn. 5) during late summer is not strong enough to have a well-defined stra�fica�on.
Poten�al densi�es during late summer and winter are 23.626-28.575 kg/m3 and 28.004-33.195 kg/m3, respec�vely. 
The higher densi�es of each season are found in the nearshore sta�on (Stn. 1), where the impact of brine discharge 
is significant.

Figure 2. Vertical profile of temperature, salinity, density, DO and Chl-a at Station 5

Figure 3. Box plots of temperature, salinity, density, DO and Chl-a at Station 5

The DO concentra�on during late summer (1.41—4.25 mL/L) is lower than winter (4.43—5.06 mL/L) in the EEZ of 
Qatar. The strong winds during winter generate turbulence, which brings more oxygen to the subsurface, leading 
to ver�cal homogeneity and conserved DO. 
The Chl-a concentra�on in the EEZ of Qatar during late summer varies between 0.41 μg/L and 10 μg/L, and during 
winter varies between 2.91 μg/L and 6.69 μg/L.  This shows higher spa�al variability during late summer than 
winter, because the nearshore regions (Stns. 1 and 2) have much lower Chl-a concentra�on during late summer.
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Water masses observed in the EEZ of Qatar
The analysis reveals the existence of a few water masses in the 
Gulf in late summer with very dis�nct physical proper�es. They 
are: (i) Qatari Deep Water (QDW) that prevails below the 
summer thermocline, (ii) Gulf of Salwa Ou�low Water (GSW), 
(iii) Open Qatari Water (OQW) and (iv) South-eastern Qatari 
Water (SEQW) (Figure 4). These water masses within the Gulf 
are balanced by warm, low salinity Gulf of Oman Water 
(WLSOW), which is a surface inflow from the Sea of Oman 
characterized by low density. It is more pronounced during late 
summer than winter. The excess hea�ng within the Gulf over 
the inflow of WLSOW leads to further increase in salinity and 
thereby forms the summer thermocline (Al-Ansari et al., 
2015).

Discussion 
The EEZ of Qatar is affected by excessive hea�ng of the sun, resul�ng in the forma�on of warm surface layer 
characterized with low density, which is separated from the bo�om cold water by the seasonal thermocline layer (Figure 
5). Though sea water temperature is lower during winter, higher evapora�on occurs due to strong winds, especially due 
to winter shamal winds (Reynolds, 1993), leading to mixing of the water column.
The cumula�ve effect of brine discharges in the recent decades along the Arabian coast is evident from the excep�onal 
salinity distribu�ons at respec�ve coastal areas (Ibrahim et al., 2020).
The large difference in salinity and density found between the nearshore and offshore sta�ons, indicate that 
anthropogenic effects, especially the brine discharge, determine the density varia�ons near the coast. Higher stress 
from onshore/nearshore anthropogenic sources may gradually advect to the adjacent nearshore/offshore region over a 
period of �me, which may further impact the ecosystem.

Figure 4. Water masses in the EEZ of Qatar

Figure 5. Vertical distribution of temperture, salinity and density

Figure 6. Vertical distribution of DO and Chl-a

The ver�cal distribu�on of DO in the offshore sta�on is in direct propor�on with that of temperature, and inverse 
propor�on with that of salinity and density, indica�ng that changes in DO are linked with changes in physical variables.  
There exists dis�nct variability in DO in the EEZ of Qatar among the two seasons as seen in the physical variables. The 
impact of the water masses (Figure 6) along with the seasonal hea�ng/winds are quite evident in this variability. 
Typically, DO is a representa�ve of a healthy and func�oning ecosystem suppor�ng aqua�c life (Desa et al., 2005). The 
mean DO concentra�ons in the surface layers along the transect in the EEZ of Qatar are 3.85 mL/L and 4.90 mL/L during 
late summer and winter, respec�vely, which is slightly lower than that observed in a well-oxygenated region in the Gulf 
(Al-Ansari, 2006). 
It is observed that the nutrient levels are low in the eupho�c zone of the EEZ of Qatar and Chl-a is generally 
nutrient-limited throughout the year (Al-Ansari, 2006). In the thermocline layer, with the presence of oxygen and 
sufficient sunlight, the nutrient concentra�on increases in the subsurface, allowing it to increase the Chl-a at the 
intermediate depths during late summer. However, in the bo�om layers, though nutrients are high, the absence of 
oxygen and sunlight restricts the values of Chl-a, and hence lower values are observed.
The very low wind speeds during September (Aboobacker et al., 2020) restrict mixing of water column, and 
subsequently advec�on through wind induced currents in these regions. Furthermore, the higher salinity induced by 
brine discharge can also impact the nutrient levels, in the absence of well-mixed behaviour of the water column.

The circula�on in the Gulf is dominated by a basin scale, 
elongated cyclonic eddy during March-July (Thoppil and 
Hogan, 2010). In the context of currents prevailing in these 
eddy regimes, the varia�on of surface layer Chl-a is analysed 
for both summer and winter periods for Stn. 5 (Figure 7). It is 
evident that rela�vely stronger southeasterly currents during 
September bring-in nutrient rich waters of the upwelling 
eddies present in the central Gulf, and leads to the 
enhancement of Chl-a. However, during winter these eddies 
collapse and the nutrient supply through cyclonic eddies are 
reduced to the minimum. 
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Figure 7. Surface Chl-a concentration along the transect


