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Abstract

The oceans are crucial for mitigating the consequences of climate change because they absorb carbon dioxide
(CO.) from the atmosphere. The oceans, which comprise over 70% of the Earth's surface, act as a major carbon
sink through physical and biological processes. This short commentary paper explores several ways of oceanic
carbon sequestration, including the solubility pump, biological pump, and the role of coastal blue carbon
ecosystems. Additionally evaluated are the significance of these processes in global carbon budgets, their
challenges, and novel approaches to enhance ocean-based carbon storage. The paper's conclusion emphasizes
the significance of protecting marine ecosystems and employing oceanic carbon sequestration responsibly in

order to guarantee long-term environmental sustainability.
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1. Introduction

The growing amount of greenhouse gases in the atmosphere, which are mostly caused by human activities like
burning fossil fuels, deforestation, and industrial emissions, is making the global climate problem worse. Sea
level rise, global warming, and disruption of the climate system have resulted from the substantial increase in
atmospheric carbon dioxide (CO.) levels since the Industrial Revolution [1, 2]. As nations search for workable
ways to mitigate these impacts, natural carbon sources that can help balance the Earth's carbon budget have
gained more attention. Oceanic carbon sequestration is one of the reasons that have become a vital part of
worldwide efforts to mitigate climate change. The oceans, which comprise more than 70% of the earth's surface,
are essential to the global carbon cycle because they absorb, store, and alter atmospheric CO.. According to
estimations, the oceans have absorbed between 25 and 30 percent of anthropogenic CO- emissions since the
middle of the 18th century, making them a significant carbon reservoir through physical and biological
processes [3, 4]. This natural buffering ability has greatly reduced the rate and severity of climate change by

acting as a temporary barrier against the full consequences of global emissions.

Oceans have the capacity to directly sequester carbon, but they also sustain a range of ecosystems that help store
carbon over time. Because they can absorb and store carbon at rates higher than many terrestrial forests, coastal
blue carbon ecosystems comprising mangroves, salt marshes, and seagrasses makes them notably remarkable [5,
6]. However, the resilience and efficacy of oceanic carbon sinks are increasingly under threat from human-
induced stressors including pollution, overfishing, and acidification brought on by climate change [7]. Given the
urgency of the climate crisis and the constraints of land sequestration alone, a better knowledge of the ocean's
role in carbon management is imperative. This short commentary paper examines the basic mechanisms
underlying oceanic carbon sequestration, assesses its significance for the environment and climate, examines the
barriers to its effectiveness, and explores novel approaches that may expand its capacity. By illuminating the
oceans' sequestration capacity, this work contributes to the broader discussion on climate resilience and

sustainable environmental management.

2. Mechanisms of Oceanic Carbon Sequestration

i) The Pump of Solubility: The solubility pump dissolves atmospheric CO- into surface waters in cooler
climes where gas solubility is higher. Carbonic acid is produced when water and dissolved CO- mix, and it
subsequently separates into bicarbonate and carbonate ions. Ocean currents subsequently transport these
materials to farther depths, where they can remain trapped for millennia [8].

i) The Pump of Biology: This mechanism focuses on phytoplankton, which perform photosynthesis
using COs.. In the deep ocean, a portion of the organic carbon from the death or consumption of these animals is
converted to marine snow. This material gradually becomes incorporated into the ocean's sediment, resulting in
long-term carbon storage [9].

iii) Blue Carbon Ecosystems: Coastal vegetated ecosystems (such as salt marshes, sea grass beds, and
mangroves) store carbon in plant biomass and sediments. Even though they are tiny, these blue carbon habitats

are essential for mitigating the effects of climate change because they have high rates of carbon burial [10, 11].
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3. Quantitative Assessment of the Potentials of Oceanic Carbon Sequestration

1. Impact on the Global Carbon Budget in Quantitative Form: Oceans are a huge carbon sink, absorbing an
estimated 9 gigatons (Gt) of CO: annually, or around 25-30% of human emissions. On the other hand, terrestrial
ecosystems absorb around 3 Gt of CO: yearly, while the atmosphere retains the remaining 18 Gt, which
contributes to global warming [3].

2. Blue Carbon Ecosystems: Coastal ecosystems including salt marshes, sea grass beds, and mangroves are a
great example of how carbon is stored at far higher rates than in most terrestrial biomes. For example,
mangroves may sequester up to 174 g C/m?&/year and store up to 1,000 Mg C/ha in biomass and sediment [10].
Despite making up less than 0.2% of the ocean floor, sea grasses store more than 10% of the ocean's carbon
yearly [12]. The significant contribution of salt marshes is comparable to or more than that of many forests, with
carbon burial rates of 210 g C/m2/year. Figure 1 depicts the mechanisms of oceanic carbon sequestration

showcasing the carbon capture potential of the ocean.
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Figure 1: The ocean and carbon sequestration: leveraging the ocean’s carbon capture potential
4. Few Case Studies on Carbon Sink Projects from Around the World

i) Mangrove Restoration in Vietnam's Mekong Delta: Over the course of two decades, mangrove restoration
efforts have improved biodiversity, decreased coastal erosion, and dramatically enhanced carbon stores by 20—
30% [13].

ii) Sea grass recovery in the Chesapeake Bay, USA: Over the course of ten years, carbon burial rates in sea

grass beds have tripled due to restoration and water quality improvements [14].
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iii) Abu Dhabi, United Arab Emirates: The conservation of salt marshes has prevented desertification and sea

level rise while offering quantifiable advantages for carbon storage.

Restoring blue carbon ecosystems globally could have broader climate mitigation effects, lowering CO,
emissions by up to 1.4 Gt/year by the year 2100—the equivalent of removing more than 300 million cars from
the road. However, if deterioration persists, up to 450 Mt CO-/year may be released [15]. The Significance of

the policy and conservation has yielded;

» The UN Blue Carbon Initiative

* Nationally Determined Contributions (NDCs) that include marine ecosystem carbon credits.

» New carbon markets that recognize the value of blue carbon resources.

This greater awareness has led to a number of projects and policies, these (the aforementioned examples) being
only a handful. The data and case studies show that oceanic carbon sequestration is not only possible but also

crucial for global climate policies.

5. Challenges and Limitations of Oceanic Carbon Sequestration

1. Ocean Acidification: As a result of the oceans absorbing more CO-, chemical reactions occur that lower the
pH of the saltwater. This directly threatens calcifying creatures, such as corals, mollusks, and certain plankton,
which form the cornerstone of marine food webs. Acidification impacts fisheries, coral reef stability, and
biodiversity by reducing their ability to build shells and skeletons. For example, the Great Barrier Reef has
demonstrated signs of reduced calcification rates in recent decades, which have been linked to increased acidity
levels [16].

2. Instability and Saturation of Sequestration: As CO- concentrations in surface waters increase, the ocean's
ability to absorb more CO- diminishes, a process known as sequestration saturation. Moreover, rising ocean
temperatures affect carbon transfer by altering marine circulation patterns and reducing CO, solubility. Physical
disturbances like upwelling, ocean mixing, and even tectonic activity have the potential to undo sequestration

progress by returning stored carbon into surface waters [17].

3. Degradation of Blue Carbon Ecosystems: Urbanization, aquaculture, and land reclamation are some of the
human activities that have negatively impacted important blue carbon habitats close to coastlines. It is estimated
that up to 67% of the original mangrove forests on Earth have either vanished or been harmed [13]. Additionally
threatened by pollution, sedimentation, and altered hydrology are salt marshes and sea grass beds. This
degradation not only reduces the capacity to store carbon, but it also releases stored carbon, increasing

atmospheric CO: levels.

6. Emerging Technologies and Strategic Approaches to Enhance Oceanic Carbon Sequestration
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1. Ocean Fertilization: Ocean fertilization is the deliberate introduction of nutrients, like iron or nitrogen, to
surface waters with the goal of encouraging phytoplankton blooms. During photosynthesis, these tiny plants
sequester carbon dioxide (CO2), and some of them fall to deeper waters after they die. Projects such as the
LOHAFEX experiment in the Southern Ocean demonstrated improved production but minimal long-term
sequestration because most organic matter was consumed before sinking. Other risks include disruptions to the

food web, oxygen depletion, and algal blooms [18].

2. Artificial Downwelling and Upwelling: These geo-engineering strategies aim to circulate nutrient-rich deep
water to the top (upwelling) or drive surface water downward (downwelling) in order to enhance carbon transfer
to the deep ocean. Pilot studies have shown some promise, but the potential for unanticipated biological
adjustments, shifts in heat distribution, and carbon re-release makes their deployment challenging. The long-

term ecological impacts of altering natural water columns are still being studied [19].

3. Seaweed Cultivation: Rapidly growing microalgae that employ photosynthesis to absorb significant amounts
of CO, include sargassum and kelp. The benefits of large-scale seaweed farming include carbon sequestration
and biomass production for biofuels, animal feed, or pharmaceuticals. The gathered seaweed may act as a
carbon sink if it is released into the deep ocean. Projects in South Korea, Norway, and China are investigating
scalable methods. However, studies on economic feasibility, nutritional requirements, and ecological

implications are still being conducted [20].

7. Conclusion

In the short and long term, the oceans' extensive and varied capacity to store carbon can help mitigate climate
change and advance environmental sustainability. One of the most effective carbon sinks on Earth, the oceans
have historically absorbed more than 25% of man-made CO- emissions, thereby controlling the global climate
system. Coastal blue carbon ecosystems, such as salt marshes, sea grass beds, and mangroves, further improve
this sequestration capacity by storing carbon at densities and rates that often outpace those of terrestrial forests.
However, the sustainability of ocean-based carbon sinks is being threatened by human demands. Factors such as
ocean acidification, warming, eutrophication, and the loss of significant coastal habitats have already begun to
erode the ocean's potential to serve as a buffer. Without targeted action, re-emission from disturbed or degraded
reservoirs may cause oceanic carbon sinks to lose their effectiveness. To properly execute oceanic carbon
sequestration, a detailed plan is required. Blue carbon habitats are being actively preserved and restored, marine
pollution and coastal development are being tightly controlled, and ocean-based carbon credits are being
included into national and international climate policy. Furthermore, novel techniques like artificial upwelling,
seaweed farming, and ocean fertilization require careful research and regulation to ensure ecological safety and
long-term sequestration efficacy. In the context of the broader global sustainability agenda, oceanic carbon
sequestration offers a natural solution that complements technological developments and land strategies. By
investing in the maintenance and enhancement of ocean carbon sinks, humans can strengthen its resilience to the
effects of climate change while preserving the ecological integrity of one of its most vital life-supporting
systems. With appropriate management, continued research, and international cooperation, the oceans may

remain a key component of global climate resilience and a way to achieve a more sustainable future.
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