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Figure 1: The geographical location of the Persian Gulf and the Oman Sea
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Table 1. Number of vertical DO profiles in 2010 in the studied cross sections

Cross  Number of

Total number of vertical DO profiles in each cross section

section stations Jan. Feb. March Apr.

May June July Aug. Sep. Oct. Nov. Dec.

AB 10 15 13 21 16
CD 6 11 8 12 9
EF 4 6 7 4

GH 7 11 15

15 19 23 17 11 12 18

8 9 14 8 6 7 6
6 4
11 12
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Figure 2: Location of cross sections AB, CD, EF and GH in the Oman Sea. The mentioned sections include 10, 6, 4 and
7 stations, respectively. Cross sections CD, EF and GH are located at distances of 220, 320 and 550 km from the Strait
of Hormuz, respectively
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CD, EF and GH in 2010
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Figure 4: The area of the Oman Sea (green color) that DO is affected by the outflow from the Persian Gulf
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Figure 5: Time series of dissolved oxygen concentration anomaly in the deep part of the Persian Gulf (more than 40
meters deep) in the period of 1980-2010
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Introduction

Dissolved oxygen is one of the most important indicators of water quality in marine environments and a
critical element for the survival of various aquatic species (Breitburg et al., 2018). Lack of oxygen in
marine environments can have irreparable environmental consequences, such as changes in
biogeochemical cycles, damage to ecosystem functioning, disruptions in the trophic network, and
reductions in biodiversity. With the emergence of climate change effects and global warming in recent
decades, the Oman Sea, similar to many marine environments, has experienced deoxygenation and the
expansion of hypoxic (dissolved oxygen less than 2 mg/L) areas (Queste et al., 2018; Lachkar et al.,
2021). Based on measurements made in the 1960s, permanent hypoxic and anoxic conditions existed in
the Oman Sea at depths ranging from about 150 to 1000 m (Bopp et al., 2013; Long et al., 2016; Stramma
etal., 2010; Paulmier and Ruiz-Pino, 2009). However, the hypoxic conditions prevailed at depths greater
than 50 m based on measurements taken in the summer of 2018 (Saleh et al., 2021). Therefore, studying
the effective factors influencing changes in dissolved oxygen in this sea is crucial to protect and manage
aquatic resources. Since the Oman Sea has water exchanges with the Persian Gulf (Garcia-Soto et al.,
2021; Reynolds, 1993), this research investigated how dense outflow from the Persian Gulf (penetrating to
a depth range of 150-300 m in the Oman Sea through the Strait of Hormuz) affected dissolved oxygen
levels in this sea and their spatial variations, using available global measurement data. Furthermore, this
study examined the trends of dissolved oxygen changes in the Persian Gulf over recent decades and their
effects on decreasing dissolved oxygen levels in the Oman Sea.

Methodology

To investigate the influence of high salinity and dense outflow from the Persian Gulf on dissolved oxygen
levels in the Oman Sea, we utilized available global measurements of dissolved oxygen in both water
bodies. We specifically analyzed long-term trends in dissolved oxygen in the Persian Gulf and their impact
on the reduction of dissolved oxygen levels in the Oman Sea. Data on dissolved oxygen profiles at 25
points in the Oman Sea in 2010 and all available dissolved oxygen profiles in the Persian Gulf from 1980
to 2010 were downloaded from the World Ocean Database. At each study point in the Oman Sea, vertical
profiles of dissolved oxygen at each depth were averaged, and this result was used as the annual mean
profile for each point. The profiles obtained from the 25 study points were then analyzed using Ocean
Data View software as four cross-sections to evaluate areas influenced by dissolved oxygen from the
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Persian Gulf outflow. To evaluate long-term trends in dissolved oxygen in the Persian Gulf, measurement
data from 1980 to 2010 were studied as an annual average time series.

Results

The results showed that, in general, the surface mixed layer of the Oman Sea has the maximum dissolved
oxygen concentration. With increasing depth, this concentration decreases until it reaches 2 mg/L at a
depth of about 80 m. In the layer between depths of 80 and 1000 m, hypoxic and anoxic conditions prevail
in the sea. Between depths of 150 and 300 m, a relative increase occurs in dissolved oxygen concentration.
The results demonstrated that the dense and salty outflow from the Persian Gulf, which has higher oxygen
levels than the low-oxygen waters of the Oman Sea, increases dissolved oxygen levels by 1-4 mg/L in the
depth range of 150-300 m in this sea. These effects are greatest along the southern coast; moving toward
the Iranian coast, this influence diminishes. Additionally, along the southern coast of the Oman Sea,
moving from the Strait of Hormuz to the Arabian Sea, these effects decrease. Considering these analysis
results, a criterion of at least a 0.5 mg/L local increase in dissolved oxygen concentration at depths ranging
from 150 to 350 m indicated that approximately 76,000 km? of the Oman Sea is affected by the dense
currents coming from the Persian Gulf. Examining dissolved oxygen concentration data from the Persian
Gulf during 1980-2010 revealed that deoxygenation occurred in its deep waters at a rate of 0.13 mg/L per
decade, with concentrations decreasing from about 4.5 mg/L in 1980 to 4.1 mg/L in 2010.
Correspondingly, the influence of the Persian Gulf outflow on dissolved oxygen levels in the Oman Sea
has decreased from an average of 1.2 mg/L to 0.7 mg/L.

Discussion and conclusion

This study assessed the effects of outflow from the Persian Gulf on dissolved oxygen in the Oman Sea.
The results indicated a relative increment in dissolved oxygen concentration between 150 and 300 m in the
Oman Sea. Considering that this zone is affected by the Persian Gulf outflow (Ghazi et al., 2021; Pous et
al., 2015), this increase in oxygen levels can be attributed to these currents. Shenoi et al. (1993), Prasad et
al. (2001), Acharya and Panigrahi (2016), and Queste et al. (2018) also demonstrated the penetration of
dense Persian Gulf outflow below the thermocline of both the Oman and Arabian Seas, along with its
effects on their temperature and salinity. The results showed that outflows from the Persian Gulf increase
dissolved oxygen levels over a wide area of the Oman Sea, extending more than 160 km from the southern
coast and up to 550 km from the Strait of Hormuz. These effects are greatest along the southern coast;
moving toward the Iranian coast, these effects decrease and reach zero near the shores. The results also
demonstrated that along the southern coast of the Oman Sea, moving from the Strait of Hormuz to the
Arabian Sea, these effects on dissolved oxygen levels of the Oman Sea decrease. Examining dissolved
oxygen concentration data from the Persian Gulf during 1980-2010 showed that dissolved oxygen in its
deep waters decreased at a rate of 0.13 mg/L per decade; as a result, the ventilation effect of its outflows in
the affected area of the Oman Sea has diminished.
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