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Introduction
Ocean acidification refers to a decline in the pH and the increase in acidity of the ocean due to the uptake of carbon dioxide from the atmosphere. Since the beginning of the Industrial Revolution, when it burnt massive amounts of coal, the carbon dioxide in the atmosphere has significantly accelerated, resulting in a 30% increase in the average seawater acidity. pH is a measure of how acidic a water-based liquid is. Currently, the ocean has a pH of 8.1, which is basic, but scientists estimate that by 2100, the pH of ocean water will decrease to 7.8, the lowest pH ever since 14 to 17 million years ago. 

Due to the change in ocean chemistry, ocean species face extreme difficulty, especially those that rely on shells and skeletons. Marine organisms with shells and skeletons build hard shells by combining calcium and carbonate in seawater. Yet, as ocean acidification increases, carbonate ions will bond with excess hydrogen, which allows less carbonate for the calcifying organisms to utilize when building and maintaining their shells. Also, the shells and skeletons may dissolve if the pH gets too low. Furthermore, ocean acidification will impact marine organisms as a whole by destroying their health and biochemical process, as only a small number of organisms can handle the decrease in pH. 

Ocean acidification is considered a problem because it can also harm humans, as the impacts of acidification can ripple through the entire food chain. Millions of people rely on the ocean for food and protein. Yet, acidification in the ocean will cause those people to be more exposed to contaminated food and pollutants, causing health problems, such as respiratory issues, nervous systems, and reproductive problems. 

This chair report will further elaborate on essential ideas about ocean acidification, past attempts to minimize the impact, the United Nation's involvement, and possible solutions.
Definition of Key Terms
Ocean acidification 


Reduction in the pH of the ocean caused by the absorption of carbon dioxide in the atmosphere.

Marine organisms 
Animals and plants in the ocean. 

pH 

Concentration of the hydrogen ion in a solution, which indicates how acidic or basic a substance is. 

Carbonate 


Salt of carbonic acid, which is an acid formed in a solution when carbon dioxide dissolves in water. 


Carbon dioxide 


Gas formed during the combustion of material that contains carbon and greenhouse gas. 

Fossil fuels 


Non-renewable energy sources, including coal, natural gas, and oil. 

General Overview
History
Ocean acidification officially started at the beginning of the industrial revolution when it consumed massive amounts of coal and fossil fuels. Prior to the industrial period, the average pH of the ocean was about 8.2. But now, it decreased to about 8.1 and is even predicted to be about 7.8 at the end of the century. The change may not seem significant, but one pH decrease means a ten-fold acidity increase. Thus, as the rate of acidizing inclined throughout the years, the world ended up with a 30% increase in acidity.

End-permian mass extinction 

Even though it was announced that ocean acidification first started during the industrial revolution, scientists argue that way before the industrial revolution, some major events, which led to an increase in carbon dioxide in the air, also contributed to ocean acidification. The first is the End-Permian Mass Extinction, estimated to be triggered by the Siberian Traps volcanism, which occurred 252 million years ago. It massively boosted the emission of carbon dioxide, which contributed to global warming, and ended up killing 95% of the marine organisms and plants. 

The early aptian oceanic anoxic event 
The next significant event is the Early Aptain Oceanic Anoxic Event, caused by the eruption of the Ontong Java Plateau located in the Western Pacific, and it occurred 120 million years ago. It was a brief time interval where there was a massive upsurge in atmospheric carbon dioxide, oxygen deficiency, and changes in marine biotas. 
The paleocene-eocene thermal maximum  

The last major event that triggered the increase in ocean acidity is the Paleocene-Eocene Thermal Maximum (PETM) that occurred 55.8 million years ago. During the event, the global temperature increased by 5 to 9 degrees, killed several deep-sea organisms, and rapidly acidified the ocean. 
Major causation 

The primary cause of ocean acidification is the risen amount of carbon dioxide in the atmosphere, influenced mainly by the utilization of non-renewable energy sources and deforestation. 


Non-renewable energy sources 
          The process of using non-renewable energy sources, primarily the burning of fossil fuels, causes carbon to combine with oxygen and be released into the air. In the past, a handful of countries in the world utilized fossil fuels rather than solar and wind energy, and the continuous burning of fossil fuels kept adding carbon dioxide into the atmosphere. For instance, in 2021, China consumed about 158 exajoules, and the United States consumed about 93 exajoules. Hence, the carbon dioxide in the air increases every year, making the ocean automatically absorb more carbon dioxide every year.
Deforestation
         About 500 million trees are being cut down every month. Trees are essential to reducing carbon dioxide as each tree can store about 48 pounds of carbon dioxide. However, the cutting and burning of trees and forests causes them to release all of the carbon they contain, resulting in the atmosphere retaining the increased amount of carbon dioxide until the ocean absorbs a third of them. 
Major consequences  
As almost all organisms are not used to living in such an acidic environment, there are numerous consequences of ocean acidification, including the detriment of organisms and plants. In addition, the destruction of organisms automatically provokes adverse effects on the livelihoods of humans and the whole economy. 
Calcifying organisms 
Calcifying organisms are plants and animals with shells and skeletons for survival and protection. Many organisms, including oysters, clams, and mussels, are calcifying organisms, and they build their shells and skeletons out of calcium and carbonate in the ocean water. It is done by combining the two chemicals to form the hard shells and skeletons out of the mineral calcium carbonate. However, the incline in the acid in the ocean bothers them by slowing down the growth of calcium carbonate or making them use the energy for repairing their shells rather than reproduction and growth. The rate of acidity also dangers them by being close to the level where calcium carbonate structure can dissolve faster than it builds up. Thus, it can harm or even kill the calcifying organisms by diminishing their shells and skeletons when they are an essential part of the marine food chain.

Coral reefs 
Ocean acidification also impacted coral reefs when they are hugely important in the marine food chain and ecosystem, as they provide shelter for 25 percent of marine organisms. But because they take up to 10,000 years to grow and form a group of larvae, they cannot outpace the dissolution, indicating the harm of coral reefs would also decrease the survival rate of the animals that rely on the coral reef for protection and habitat. Furthermore, their destruction will also impact several countries’ economies and lifestyles, including Australia, Indonesia, and the Philippines, by influencing tourism, food security, and shoreline protection.  

Economy  

Additionally, ocean acidification is impacting several countries that depend on seafood as a significant source of income because fishing industries may go out of business since their existence revolves around the sea. For instance, fisheries in the United States employ about 7 million people and 200 million people worldwide, meaning as the ocean acidity and pollution accelerates, there may be more and more fisheries’ downfall and unemployment. Moreover, if ocean acidification impacts the health and population of marine animals, the fish markets, restaurants, and supermarkets will experience quite a significant impact as the demand will incline when the supply keeps declining.  

Humans
Lastly, ocean acidification will significantly impact humans, as roughly 40 percent of the population lives within a hundred kilometers of the coast, and over 3 billion people worldwide rely on the ocean for food as a source of animal protein. However, as ocean acidification increases, a part of the population will be exposed to more contaminated seafood and chemical pollutants, resulting in an impact on human health, and some humans will even have limited access to ocean food when that is their staple. 
Existing strategies and agenda 
           There are a lot of research and experiments done to discover efficient ways to monitor ocean acidification, but there are only a few technologies and machines introduced to reduce carbon dioxide or ocean acidity now. Therefore, it is urgent for the United Nations and the member states to further collaborate and come up with new, unique ideas to accomplish their goals. 


Programmes and networks  
In order to minimize ocean acidification and address the severity, various organizations and projects established a lot of research and programmes. They have continuously been going out to workshops, monitoring the acidity of oceans, and researching for the discovery of best practices and future ways to develop their technology and methodology further. For instance, there is a major network called the Global Ocean Acidification Observing Network (GOA-ON) that contains 475 members from 80 nations. By coordinating national and local research efforts, they improve their understanding of measuring and solving ocean acidification. 
Technologies 

Currently, there are multiple technologies to reduce carbon dioxide in the atmosphere. This includes direct air capture (where it uses a giant fan to absorb carbon dioxide and store it underground), carbon sequestration (where they use biological, chemical, and physical methods and lock the carbon dioxide in the soil, trees, and rocks), and carbon capture and storage (where it absorbs carbon dioxide from point sources, including coal plant’s smokestack, and storing in the ocean floor). However, developing the existing technologies and building new ones to lower ocean acidification efficiently and effectively is still necessary. 


Goal  
The United Nations have announced that their agenda for 2030 is to put a healthy ocean at the core of the sustainable development agenda and also include tackling issues about climate change, which is directly linked to ocean acidification. In order to achieve their goal, they have picked the IOC-UNESCO as the custodian agency for the Sustainable Development Goal (SDG) Target Indicator 14.3.1, calling for the average ocean acidity. 

UN Involvement, Relevant Resolutions, Treaties and Events
In 2010, under the collaboration of the United Nations Environmental Programme (UNEP) and the United Nations Scientific and Cultural Organization (UNESCO), they published a report titled “The Environmental Consequences of Ocean Acidification” at the conference in Cancún, Mexico. The UN warned that ocean acidification would continue to harm the lives and health of the sea and fish unless governments stop carbon dioxide emissions. The report assured the problems related to ocean acidification, including food security, the health of marine organisms, and greenhouse gas emissions, and that member states must plan out urgent solutions. 

One major resolution that mentions ocean acidification is ‘Oceans and the law of the sea’ (A/RES/71/257), written on 20 February 2017. It emphasizes the wide range of concerns they have about ocean acidification, the impact on coral reefs, and the loss of biodiversity. In the resolution, they discuss the guidelines for transferring of marine technology, how to pursue further research, measures to monitor oceans and acidity, and methods to support the people who rely on the ocean for food supply. 

Timeline of Events
	Date
	Description of event

	1982

2 December 2010

2013

19 June 2015 
	The United Nations Convention on the Law of the Sea (UNCLOS) has been stated as an agreement that member states can use to regulate carbon dioxide emissions and mitigate the impact of ocean acidification. New United Nations-backed report “The Environmental Consequences of Ocean Acidification.”
Establishment of the Global Ocean Acidification Observing Network (GOA-ON) with the organizations of the International Atomic Energy Agency (IAEA) and the U.S. National Oceanic and Atmospheric Administration (NOAA). 

Start of the project to develop the International Ocean Acidification Reference User Group (IOA-RUG) 
Resolution 69/292 on the “Development of an international legally binding instrument under the United Nations Convention on the Law of the Sea on the conservation and sustainable use of marine biological diversity of areas beyond national jurisdiction.” 

	23 December 2015 
	Annual resolution A/RES/70/235: Oceans and laws of the sea adopted by the General Assembly on 23 December 2015

	23 December 2016 
May 2017 

11 June 2018
9 May 2019 

June 2022


	Annual resolution A/RES/71/257: Oceans and laws of the sea adopted by the General Assembly on 23 December 2016 
End of the project to develop the International Ocean Acidification Reference User Group (IOA-RUG) 
The Global Ocean Acidification Observing Network (GOA-ON) finalized the indicator methodology for the SDG target 14.3.1 on ocean acidity.
Approved resolution 73/292: 2020 United Nations Conference to Support the Implementation of Sustainable Development Goal 14: Conserve and sustainably use the oceans, seas, and marine resources for sustainable development. Also, set the next UN Ocean Conference in Lisbon in 2022. 

World leaders adopted declaration at the United Nations Ocean Conference in Lisbon to start science-based actions and address the emergency of ocean habitat loss and the degradation of the ecosystem. 



Previous Attempts to Resolve the Issue  

Although ocean acidification started 250 years ago, people realized the severity in the late 1980s. Therefore, only a few clear methodologies actually attempted to lower ocean acidification instead of simply monitoring the progress and effects. 

Currently, there are several programmes that monitor and study ocean acidification and its effect. For instance, through coordinating national and local research efforts, the Global Ocean Acidification Observing Network (GOA-ON), with 475 members from 80 nations, improved understanding of how to measure ocean acidification. It also continuously developed the quality and comparability of data through organizing workshops in various locations and providing data visualization tools. On 11 June 2018, they were able to finalize the indicator methodology for the SDG target 14.3.1 on ocean acidity. In the indicator methodology, they guided how to collect globally comparable information. 

There also is a project called the International Ocean Carbon Coordination Project (IOCCP) that is sponsored by Intergovernmental Oceanographic Commission and the Scientific Committee on Oceanic Research (SCOR), which is a project that monitors and researches ocean carbon. Its goal is to promote the development of observing ocean carbon and biogeochemistry through a global network, accepting strategies in terms of technical coordination with methodologies and practices for the research organizations. 

Furthermore, from January 2013 to May 2017, there was a project to develop the International Ocean Acidification Reference User Group (IOA-RUG), a part of the Ocean Acidification Association based in Monaco. In order to achieve their goal of disseminating scientific knowledge and progress, they worked to develop communication strategies related to the private sector. 

Under the International Atomic Energy Agency (IAEA), there is an Ocean Acidification International Coordination Centre (OA-ICC), whose mission is to promote international collaboration on acidifying the ocean. The OA-ICC collaborated with international partners and supported global and regional networks to organize training courses and provide access to different resources for the countries worldwide. They have attempted to promote the development of data portals and work to standardize best practices.    

The research and programmes were successful because they introduced several monitoring and data analysis methods, which is a good start to find deeper solutions as it is critical in solving ocean acidification and mitigating climate change. Still, it is necessary to invent methodologies that directly attempts to lower the acidity  
It is difficult to conclude the research and programmes were incredibly successful because there needed to be more methodology that directly lowers the acidity or carbon dioxide in the air rather than finding ways of researching and collecting data. 
Possible Solutions
Currently, various programs have discovered numerous research methodologies, as stated in the ‘previous attempts to resolve this issue' section. As acidification is mainly influenced by the rise in carbon dioxide in the atmosphere, more measures should be adopted to reduce the amount of carbon dioxide and its factors. 
The most important solution that needs to be implemented in most countries is reducing the use of non-renewable energy sources- including coal, natural gas, oil, and nuclear energy- which is the central cause of the spread of greenhouse gases in the air. Countries should have green policies by using or developing technologies and increasing its number to utilize more renewable sources of energy, which will emit less carbon dioxide. Renewable energy includes wind and solar energy, which are cheaper than coal and fossil fuels. 
Another way to reduce carbon dioxide in the atmosphere is to create groups and small organizations to plant trees and plants, as trees have the ability to sequester and store carbon, and plants capture carbon dioxide during photosynthesis. Each group or organization should set a goal of planting trees every month, and the member state's government should provide sufficient subsidies to the organizations to meet their goals. Moreover, preventing deforestation would be beneficial to solve this issue. This can be done by limiting the maximum number of trees that can be destroyed yearly or taxing industries and companies that destroy trees over the limit.  

Developing technologies that reduce carbon dioxide in the atmosphere would be helpful. For instance, direct Air capture (DAC) facilities can investigate ways to improve the fans that absorb carbon dioxide and store them for reuse by increasing the amount of storage and the machine's efficiency. Later on, it can be placed and utilized worldwide, as there are only 19 DACs operating around the world. 
Lastly, raising awareness would be critical to solving this issue, as research indicates that only a few people are aware of this problem. It can be done through articles published on the internet and social media, interviews broadcasted on radio and television, and improved school curriculums that teach the various effects of ocean acidification. This would lead additional people to consider this issue. Hence, if more people are aware of the severe consequences, they will be alarmed, leading them to take action. Additionally, it would be practical to promote simple methods for individuals to reduce their contribution to carbon dioxide emissions in the daily newspaper, advertisements, and bulletin boards, as it can provide information for people unaware of this problem. For instance, if there are posters that encourage riding bikes more than cars, recycling and reusing, and eating locally produced food would all lessen carbon dioxide in the atmosphere.
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