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Extended Abstract

Introduction

Oxygen is the most important dissolved gas in marine environments and its concentration is an indicator of the health of oceans and
seas. Climate change effects have decreased the amount of dissolved oxygen in marine environments. In the Sea of Oman during the
past decades, oxygen levels have decreased and low-oxygen areas have extended significantly with profound harmful effects on the
marine ecosystems. In this study, using global measurement data and satellite images, the process of decline in oxygen content of the
Oman Sea waters was investigated. In this regard, the relationship between deoxygenation and the changes in effective factors such as
temperature, vertical thermal stratification, exchanges with nearby water bodies, dissolved oxygen consumption by biological activities,
chlorophyll-a concentration, and primary production were studied.

Materials and Methods

In order to investigate the causes of the dissolved oxygen reduction in the Sea of Oman, measured data available on global websites,
including dissolved oxygen profiles, sea surface temperature, chlorophyll-a, and apparent oxygen utilization in recent decades, were
analyzed and compared. The dissolved oxygen profiles of the Oman Sea in the years 1960 and 2010 were obtained from the 110E
project and the World Ocean Atlas 2013 dataset, respectively. For each of the mentioned years, the dissolved oxygen concentration
data of the available vertical profiles were averaged at each depth in the entire region of the Sea of Oman, and the result was used as
an annual mean profile for the whole Oman Sea area for 1960 and 2010. Apparent oxygen utilization profiles in 1960 and 2010 were
downloaded from the World Ocean Atlas database and used as annual average profiles in the entire region in a similar process to that
of dissolved oxygen. The long-term data on Oman sea surface temperature (1960-2010) were downloaded from the NCEP-NCAR
databases. The time series of the mean annual SST of the entire Oman Sea was calculated and analyzed using the mentioned data.
Remote sensing data for chlorophyll-a concentration were extracted from SeaWiFS and MODIS satellite image data. Similar to SST
data, these data were analyzed in the form of an annual average time series. Calculations related to data processing were done using
MATLAB software.

Results and Discussion

Comparing the average dissolved oxygen profiles of the Oman Sea in 1960 and 2010 showed a decrease in oxygen concentration from
the surface to the depth of 1000 meters in 2010 compared to 1960. The thickness of the water layer with a dissolved oxygen
concentration higher than 2 mg/L has decreased from about 150 meters in 1960 to about 80 meters in 2010. Considering the dissolved
oxygen reduction in the surface mixed layer, the results showed that the amount of dissolved oxygen reduction in the areas affected by
the incoming surface currents was almost the same as the reduction of dissolved oxygen in other surface areas of the Sea of Oman.
Therefore, the deoxygenation in the surface mixed layer of the Oman Sea was not caused by the deoxygenation of the surface currents
entering it. However, the consistency of the deoxygenation with the temperature increment was observed in this layer. Regarding the
severe reduction of dissolved oxygen in the layer below the surface mixed layer, the results did not show the intensification of biological
activities and increase in primary production, and therefore these factors were not found to be effective. It was also shown that the
effect of the dense water outflow from the Persian Gulf on the dissolved oxygen of the Oman Sea is limited to the layer located between
150 and 350 meters deep and has no effect on lower depths. Strengthening of thermal vertical stratification and intensification of
thermocline were known to be the most important factors in reducing dissolved oxygen in the layers below the surface mixed layer of
the Oman Sea.

Conclusion

According to the results obtained in this research, the dissolved oxygen in the Sea of Oman, decreased from the surface mixed layer to
a depth of about 1000 meters, in 2010 compared to 1960. It was also found that the dissolved oxygen in the layers below the surface
mixed layer decreased drastically up to a depth of 150 meters and the beginning of hypoxic waters, decreased from a depth of about
150 meters in 1960 to a depth of about 80 meters in 2010. The results showed that the deoxygenation in the surface mixed layer of the
Oman Sea was consistent with the temperature increment observed in this layer. Regarding the severe reduction of dissolved oxygen
in the layer below the surface mixed layer, the results showed that the effect of the dense water outflow of the Persian Gulf on the
dissolved oxygen of the Sea of Oman is limited to the layer located between 150-350 meters deep and has no effect on lower depths.
Strengthening of thermal vertical stratification and intensification of thermocline were known to be the most important factors in
reducing dissolved oxygen in the middle layers below the surface mixed layer.
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