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Abstract. This paper delves into the intricate relationship between anthropogenic CO2 emissions 
and the consequent changes in ocean pH levels, which is known as ocean acidification. The study 
highlights the broader implications for marine ecosystems, particularly calcifying organisms such as 
corals and mollusks, which are highly sensitive to changes in ocean chemistry. The research 
establishes that ocean acidification is a direct consequence of increased levels of atmospheric CO2, 
and if CO2 emissions persist at the current rate, the rate of ocean acidification is expected to 
accelerate throughout this century. The paper analyzes the impact of ocean acidification on marine 
ecosystems, including the potential economic consequences for fishing communities that rely on 
these ecosystems for their livelihoods. The authors emphasize the urgent need for comprehensive 
research, informed policymaking, and global cooperation to address this critical issue. They argue 
that mitigative and adaptive strategies are necessary to protect marine ecosystems and the services 
they provide, such as food security, climate regulation, and cultural values. In conclusion, this paper 
highlights the urgent need to recognize the intrinsic link between the health of our oceans and the 
health of our planet. The authors call for a coordinated effort to reduce CO2 emissions and to develop 
innovative solutions to mitigate the negative effects of ocean acidification on marine ecosystems. 
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1. Introduction 

The vast ocean, which covers more than 70 percent of the Earth's surface, has long been a source 

of wonder and fascination. These waters, teeming with life and playing a pivotal role in regulating 

the planet's climate, are more than just a marvel of nature; they are essential to the very survival of 

countless species, including humans. However, as the modern era progresses, the oceans face a silent 

yet profound threat: ocean acidification. 

Ocean acidification, often dubbed "the other CO2 problem," emerges as a direct consequence of 

the rising levels of atmospheric carbon dioxide (CO2) primarily resulting from human activities, 

notably the combustion of fossil fuels [1]. As the concentration of CO2 in the atmosphere increases, 

much of it is absorbed by the ocean. When carbon dioxide dissolves in seawater, a series of chemical 

reactions occur to form carbonic acid. This acid subsequently dissociates, increasing the hydrogen 

ion concentration and, in turn, reducing the pH of the water, making it more acidic [2]. 

The repercussions of this acidification process are manifold and alarming. At the most fundamental 

level, a change in the pH of the oceans can disrupt the delicate balance of marine ecosystems. Many 

Marine organisms, especially those that rely on calcium carbonate to form their shells and skeletons, 

such as corals, mollusks, and certain plankton species, are particularly vulnerable [3]. As the acidity 

of the ocean increases, carbonate ions are crucial to the formation of calcium carbonate structures, 

decreases. This can lead to weaker shells and skeletal structures, making these organisms more 

susceptible to predation and environmental stresses. 

Moreover, the effects of ocean acidification are not merely confined to individual species; they 

reverberate through the entire marine food web. For example, a decline in plankton, which forms the 

base of the ocean food chain, can have a cascaded effect on large Marine animals, 

ultimately impacting commercial fisheries and the billions of people who rely on the ocean for 

their primary source of protein [4]. 

Recent research has also highlighted the non-uniform nature of ocean acidification's impacts. 

While the open ocean undoubtedly bears the brunt of these changes, estuarine and coastal regions 
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present a different scenario. These areas, characterized by their unique biogeochemical processes, 

may experience varying degrees of pH changes, influenced by factors such as freshwater influx, 

upwelling, and biological activity [5]. 

The urgency of addressing ocean acidification cannot be overstated. As the world grapples with 

the challenges of climate change, it is imperative to recognize that the health of our oceans is 

intrinsically linked to the health of our planet. The rapid changes in ocean chemistry, driven by 

human-induced CO2 emissions, underscore the need for comprehensive research, informed 

policymaking, and global cooperation. 

In this paper, we aim to explore the intricate relationship between anthropogenic CO2 emissions 

and the consequent changes in ocean pH levels. By delving into the scientific, ecological, and socio-

economic implications of this phenomenon, we hope to shed light on the broader ramifications for 

marine ecosystems and emphasize the pressing need for mitigative and adaptive strategies. 

2. Literature Review() 

2.1. An Other Ocean problem: Ocean Acidification [1] 

This comprehensive study addresses ocean acidification as the "other CO2 problem," underscoring 

its importance alongside global warming. The research establishes that ocean acidification is a direct 

consequence of increased levels of atmospheric CO2. If CO2 emissions persist at the current rate, the 

rate of ocean acidification is expected to accelerate throughout this century. The study highlights the 

broader implications for marine ecosystems, particularly calcifying organisms. 

Ocean acidification alters the chemical composition of seawater, affecting various elements and 

compounds, and consequently disrupting the Earth's biogeochemical cycles. One notable effect is the 

reduced saturation of calcium carbonate, which affects a wide range of Marine life, from plankton to 

bottom-dwelling mollusks, echinoderms and corals. Laboratory experiments under high CO2 

conditions have shown that many calcifying organisms exhibit calcification and reduced growth rates. 

In addition, ocean acidification leads to an increase in the rate of carbon sequestration by some 

photosynthetic organisms. The broader implications of marine organisms adapting to increased CO2 

levels on marine ecosystems remain unclear; both are high-priority areas for future research. While 

it is not entirely accurate, past events caused by CO2 changes can serve as a reference for predicting 

what might happen in the future. 

2.2. Anthropogenic carbon and ocean pH [2] 

This paper explores the impact of CO2 emissions on ocean pH levels using the Lawrence model. 

The study warns that if CO2 emissions continue unchecked over the coming centuries, we could 

witness significant shifts in ocean pH levels. The research emphasizes the urgency of tackling this 

issue due to its potential long-term repercussions on marine biodiversity and ecosystems. 

The large-scale burning of fossil fuels like coal and oil by humans generates massive amounts of 

CO2, leading to a decrease in ocean pH levels. The pollution caused by this activity has resulted in 

changes in ocean pH over the past few centuries that may be more significant than any changes 

experienced over the past three billion years. 

2.3. Use ocean models to predict chemical changes in carbon dioxide from emissions to the 

atmosphere and oceans [4] 

This paper offers projections on the chemical changes in the ocean due to CO2 emissions. The 

study explores scenarios where ocean injection constitutes a significant part of carbon emissions 

mitigation strategies. The research indicates that such approaches could result in noticeable shifts in 

ocean pH levels, with potential consequences for marine life. 

Using an independent ocean circulation model, the study forecasts a range of oceanic chemical 

changes under various scenarios: changes in atmospheric CO2 concentrations or emissions, but 

without considering climate change. These forecasts can encompass future actual concentrations and 
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emission rates of atmospheric CO2, thereby providing a backdrop for marine biology research 

concerning the pathways of atmospheric CO2 emissions or stabilization. One mitigation measure for 

this phenomenon is the injection of CO2 into the deep ocean, allowing it to disperse slowly at depths 

around 3000 meters. 

2.4. Forecasting the economic impact of ocean acidification on commercial fisheries [8]: 

Cooley and Doney investigate the economic ramifications of ocean acidification on commercial 

fisheries. Their research underscores the potential for substantial declines in revenue, losing jobs, 

there are also indirect economic costs if ocean acidification continues to affect the availability of 

Marine habitats and resources. The rise in oceanic CO2 levels, leading to ocean acidification, 

constrains the living space for marine organisms, including seafood. One of the immediate impacts 

is a decline in fisheries revenue through reduced harvests of shellfish, predators, and corals. 

The paper analyzes the composition and revenue distribution of U.S. fisheries and suggests that a 

reduction in various shellfish and mollusks would be a significant blow to fishermen. Many regions 

that rely heavily on fishing have poor economic resilience, which could lead to economic hardship 

and even unemployment for many fishermen. If mollusk production in the United States were to be 

reduced by 10-25% from 2007 levels, the annual direct revenue loss would be $75-187 million by 

mid-century, and the net present value loss would be $1.7-10 billion. 

3. Summary 

The body of literature consistently emphasizes the significant influence of CO2 emissions on 

ocean pH levels. There's a shared understanding that the rise in atmospheric CO2, largely attributed 

to human activities, is causing ocean acidification at an unparalleled rate [1,2]. This acidification 

jeopardizes marine ecosystems, particularly calcifying entities such as corals, mollusks, and specific 

plankton varieties [3]. 

While the overarching consequences of ocean acidification are well-chronicled, debates persist 

regarding its regional repercussions. Some research indicates that the open ocean bears the brunt of 

these changes [1], while others contend that estuaries and coastal zones might face distinct, possibly 

more severe, challenges due to their unique biogeochemical dynamics [4]. 

Moreover, opinions diverge on potential remedies and mitigation tactics. Certain studies propose 

ocean injection as a method to counterbalance carbon emissions [5], yet the enduring impacts of such 

approaches on ocean pH and marine ecosystems are still ambiguous. 

Synthesizing the insights from the literature reveals a clear picture: while the general effects of 

ocean acidification are recognized, there's a pressing demand for deeper exploration into regional 

consequences and viable mitigation measures. The collective voice from all studies resounds with 

urgency: immediate measures are essential to curb escalating CO2 levels and protect our oceanic 

health. 

The array of studies examined provides a holistic view of the intricate effects of CO2 emissions 

on ocean pH and its wider ramifications. 

Koeve and Oschlies' investigation [6] sheds light on the intricate nature of studying ocean 

acidification, particularly when factoring in the role of DOM. Their conclusions underscore the 

importance of rigorous experimental methodology and discerning interpretation to sidestep potential 

misinterpretations of the oceanic CO2 system. 

Asfur et al.'s study [7] unveils a groundbreaking perspective on ocean acidification's impacts, 

suggesting that alterations in ocean pH could potentially modulate atmospheric events like lightning. 

This intricate relationship between marine and atmospheric realms accentuates the interwoven nature 

of Earth's systems and the cascading consequences of human-induced CO2 emissions. 

From an economic standpoint, Cooley and Doney's work [8] paints a bleak scenario for 

communities and sectors dependent on marine assets. The potential downturn in commercial fishery 
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income due to ocean acidification underscores the socio-economic implications of this ecological 

predicament. 

Furthermore, the Tanzanian case study [9] imparts invaluable knowledge on the inherent pH 

oscillations in coastal environments and the potential buffering role of seagrass ecosystems. These 

insights emphasize the significance of grasping regional disparities in ocean acidification effects and 

the potential of specific ecosystems to provide natural mitigation. Joo-Eun et al. discusses the impact 

of CO2 emissions on ocean pH levels and the resulting implications for marine ecosystems. It 

highlights the need for urgent action to reduce global greenhouse gas emissions to mitigate the 

negative effects on marine life [10]. 

In amalgamating these insights, it's evident that the ramifications of CO2-induced shifts in ocean 

pH are extensive, spanning ecological, economic, and atmospheric domains. The unanimous message 

from these studies is unequivocal: there's an imperative for exhaustive research, enlightened policy 

decisions, and international collaboration to confront the challenges ushered in by ocean acidification. 
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