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When we release carbon dioxide (CO2) into the air, you might

wonder where it goes. Does it just stick around in the

atmosphere? Indeed, about half of it does, but the rest gets

absorbed—by plants and our oceans, in about an even split

<https://news.climate.columbia.edu/2017/11/13/where-is-all-that-carbon-dioxide-is-

going/>. In fact, since the industrial revolution began over 200

years ago, our oceans have absorbed around one-third

<https://www.noaa.gov/education/resource-collections/ocean-coasts/ocean-

acidification> of all CO2 released from fossil fuel. Put another way,
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humans have transformed the chemistry of the ocean: The

average acidity of seawater has increased by 30 percent

<https://www.nrdc.org/sites/default/files/nrdc-oceanacidfsweb.pdf> due to our

activities.

Here’s everything you need to know about the process and

impacts of ocean acidification <https://www.nrdc.org/stories/climate-

tipping-points-are-closer-once-thought>.

What is ocean acidification?

Ocean acidification is the process in which seawater becomes

more acidic because of the excess carbon dioxide (CO2) it is

absorbing from the atmosphere. This phenomenon, which is

impacting every ocean on Earth (as well as coastal estuaries

and other waterways), is a direct consequence of the burning

of fossil fuels and the resulting carbon pollution.

“There is no meaningful scientific debate over whether

acidification is occurring or what causes it,” explains NRDC

oceans expert Lisa Suatoni <https://www.nrdc.org/experts/lisa-suatoni>.

“This is simple textbook chemistry, coupled with thousands of

reliable measurements.”

How is acidification
measured?

In chemistry 101, we learn that pH is a measure for how acidic

or basic (alkaline) a water-based liquid is. A pH of 7, as in pure

water, is neutral. Tart lemon juice has a pH of 2; a cup of coffee,

a pH of 5. Ammonia and bleach, on the other hand, are basic,

with a pH of 11 and 13.5, respectively

<https://www.usgs.gov/media/images/ph-scale-0>.
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Our oceans support an abundance of life with an average pH

level of 8.1, making seawater slightly basic. But experts

estimate <https://www.noaa.gov/education/resource-collections/ocean-

coasts/ocean-acidification> that over the course of the 21st century,

the pH of ocean water could dip down to 7.8

<https://www.nrdc.org/experts/lisa-suatoni/why-scientists-agree-ocean-acidification-

undeniably-caused-humans>. That may sound like a small change, but

the last time the ocean pH was this low was some 14 to 17

million years ago, when the Earth was a very different place.

Scientists predict the change will have serious ramifications for

ocean ecologies, food security, and economies, big and small,

that depend on marine industries.

What causes ocean
acidification?

Let’s go over some basics (no pun intended). When carbon

dioxide dissolves into the ocean, it triggers a chemical reaction

that increases acidity over time. More technically: CO2 and

water produce carbonic acid, which releases hydrogen and

bicarbonate ions. The more hydrogen ions there are, the more

acidic the water becomes. This is what drives ocean

acidification.

In addition to the burning of fossil fuels, another main culprit

behind the sharp rise in ocean acidification is deforestation

(both are major contributors to climate change

<https://www.nrdc.org/stories/what-are-causes-climate-change>). That’s

because when a forest is cut or burnt down, it releases all of

the carbon that was stored <https://www.nrdc.org/stories/stop-

clearcutting-carbon-sinks> into the air.
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These structures also protect coastal communities from erosion

and storm sturges. Acidification is especially hard on reefs that

already face natural bioerosion

<https://www.smithsonianmag.com/smithsonian-institution/coral-reefs-face-dual-

threats-ocean-acidification-and-erosion-180973231/> from the species of

fish and worms that eat away at them. The reefs, which are

famously slow-growing, can’t outpace this dissolution.

Is ocean acidification bad
for people?
Absolutely. Even if you don't have a shell, the impacts of ocean

acidification can ripple through the entire food chain, in water

and on land.

Significant portions of our economy rely on the ocean's bounty

in one way or another. The U.S. shellfish industry, for instance,

plays a huge role in coastal economies, providing employment

to thousands of people and generating millions of dollars in

revenue each year. If ocean acidification is left unchecked, it is

estimated that the industry can lose more than $400 million

annually <https://www.nrdc.org/experts/valerie-cleland/far-basic-action-needed-

fight-ocean-acidification> by the year 2100. “As we transform the sea

with our actions <https://www.nrdc.org/experts/lisa-suatoni/five-ways-climate-

change-altering-our-oceans-and-harming-us>—by the burning of fossil

fuels—we’re interfering with the crucial role it plays for

humanity, from stabilizing our climate and protecting coastal

communities to providing food for billions of people around

the world,” says Suatoni.

Which communities are
most at risk of ocean
acidification in the United
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States?
A 2015 study <https://www.nature.com/articles/nclimate2508> co-authored

by NRDC looked at which coastal communities around the

nation are most vulnerable to ocean acidification. It found 15

states at risk of long-term economic harm as a direct result:

Alaska, California, Connecticut

<https://www.nrdc.org/sites/default/files/state-vulnerability-ct.pdf>, Florida

<https://www.nrdc.org/sites/default/files/state-vulnerability-fl.pdf>, Hawaii,

Louisiana <https://www.nrdc.org/sites/default/files/state-vulnerability-la.pdf>,

Maine <https://www.nrdc.org/sites/default/files/state-vulnerability-me.pdf>,

Maryland <https://www.nrdc.org/sites/default/files/state-vulnerability-md.pdf>,

Massachusetts <https://www.nrdc.org/sites/default/files/state-vulnerability-

ma.pdf>, New Jersey <https://www.nrdc.org/sites/default/files/state-

vulnerability-nj.pdf>, New York <https://www.nrdc.org/sites/default/files/state-

vulnerability-ny.pdf>, Oregon <https://www.nrdc.org/sites/default/files/state-

vulnerability-nw.pdf>, Rhode Island

<https://www.nrdc.org/sites/default/files/state-vulnerability-ri.pdf>, Virginia

<https://www.nrdc.org/sites/default/files/state-vulnerability-va.pdf>, and

Washington <https://www.nrdc.org/sites/default/files/state-vulnerability-

nw.pdf>.

Researchers took into consideration communities’

dependence on the shellfish industry, ocean areas that are

experiencing the most rapid chemical changes, and areas

where shellfish are most vulnerable. You can see whether your

community is being impacted through NRDC’s interactive map

<https://www.nrdc.org/resources/ocean-acidification-hotspots>.

Because CO2 dissolves faster in cold water, areas like the

Pacific Northwest will see more serious impacts

<https://www.nrdc.org/sites/default/files/state-vulnerability-nw.pdf> from

acidification. Many communities there rely heavily on the

shellfish industry, which supports some 3,200 jobs and has an
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estimated economic impact of $270 million

<https://www.fisheries.noaa.gov/west-coast/aquaculture/commercial-shellfish-

aquaculture-west-coast> annually.

What are the solutions to
ocean acidification?

We can tackle ocean acidification on multiple fronts.

First and foremost, since we know ocean acidification is caused

primarily by carbon pollution from fossil fuels, we know we

have to advance the global transition to clean energy. Pollution

regulations for power plants and stronger fuel-economy

standards for our cars can help with that. Government leaders

can also step up conservation efforts to protect and enhance

the resilience of our forests, wetlands, and other critical carbon

sinks, through initiatives like the 30x30 pledge

<https://www.nrdc.org/resources/30x30-nrdcs-commitment-protect-nature-and-life-

earth>, which sets aside 30 percent of our lands and waters to

let ecosystems recover and withstand these growing

challenges. Policymakers—recognizing the job sectors and

other economic engines at risk from ocean acidification—are

introducing climate action plans <https://www.nrdc.org/experts/valerie-

cleland/far-basic-action-needed-fight-ocean-acidification> that promote

increased investments in monitoring, forecasting, and

mitigation.

Considering the scale and rate of change, we need to prepare

ourselves and safeguard vulnerable industries. “While ocean

acidification’s effects have a global reach, local factors

<https://www.nrdc.org/experts/lisa-suatoni/who-united-states-will-be-most-harmed-

ocean-acidification> also influence how at risk regions are,” says

Suatoni. Some managers of West Coast oyster hatcheries, for

example, have invested in monitoring systems. When harmful
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acidic water upwells on the coast, they shut off their intake

valves to prevent baby oysters

<https://oceanconservancy.org/blog/2017/06/07/mystery-happened-billions-baby-

oysters/> from being exposed. Other solutions include

cultivating ocean acidification–resistant strains of shellfish and

diversifying aquaculture systems. For example, scientists are

teaming up with fishermen <https://news.stonybrook.edu/university/sbu-

study-shows-kelp-can-reduce-ocean-acidification-and-protect-bivalves/> to see

how cultivating seaweeds like sugar kelp can potentially buffer

farmed oysters, clams, and mussels from acidification as they

absorb carbon dioxide from the salty water.

The changes in our oceans are startling, and we don’t yet fully

understand what’s to come as oceans acidify. But we know we

must act. “We both love and need our oceans,” says Suatoni. “If

they fail, we all do.”

This story was originally published on August 15, 2013, and has

been updated with new information and links.
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