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Ocean waters are becoming warmer and more acidic, broadly affecting ocean circulation, 
chemistry, ecosystems, and marine life.

The rise in ocean temperature over the last century will persist into the future, with continued large impacts on climate, 
ocean circulation, chemistry, and ecosystems.

The ocean currently absorbs about a quarter of human-caused carbon dioxide emissions to the atmosphere, leading to 
ocean acidification that will alter marine ecosystems in dramatic yet uncertain ways.

Significant habitat loss will continue to occur due to climate change for many species and areas, including Arctic and 
coral reef ecosystems, while habitat in other areas and for other species will expand. These changes will consequently 
alter the distribution, abundance, and productivity of many marine species.

Rising sea surface temperatures have been linked with increasing levels and ranges of diseases in humans and marine 
life, including corals, abalones, oysters, fishes, and marine mammals.

Climate changes that result in conditions substantially different from recent history may significantly increase costs to 
businesses as well as disrupt public access and enjoyment of ocean areas.

In response to observed and projected climate impacts, some existing ocean policies, practices, and management 
efforts are incorporating climate change impacts. These initiatives can serve as models for other efforts and ultimately 
enable people and communities to adapt to changing ocean conditions. 

KEY MESSAGES: OCEANS

As a nation, we depend on the oceans for seafood, rec-
reation and tourism, cultural heritage, transportation of 
goods, and, increasingly, energy and other critical resourc-
es. The U.S. Exclusive Economic Zone extends 200 nautical 
miles seaward from the coasts, spanning an area about 
1.7 times the land area of the continental United States. 
This vast region is host to a rich diversity of marine plants 
and animals and a wide range of ecosystems, from tropical 
coral reefs to Arctic waters covered with sea ice. 

Oceans support vibrant economies and coastal commu-
nities with numerous businesses and obs. More than 160 
million people live in the coastal watershed counties of the 
U.S., and population in this one is expected to grow in the 
future. The oceans help regulate climate, absorb carbon 
dioxide, and strongly in uence weather patterns far into 
the continental interior. Ocean issues touch all of us in 
both direct and indirect ways.1,2

More acidic waters inhibit the formation of shells, skeletons, and coral reefs. Warmer waters harm coral reefs and alter 
the distribution, abundance, and productivity of many marine species. The rising temperature and changing chemistry 
of ocean water combine with other stresses, such as overfishing and coastal and marine pollution, to alter marine-based 
food production and harm fishing communities. 

Sea surface temperatures for the ocean surrounding the U.S. and its territories have risen by more than 0.9°F 
over the past century. (Figure source: adapted from Chavez et al. 20113).

Observed Ocean Warming
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As heat-trapping gases, primarily carbon dioxide (CO2) (panel A), have increased over the past decades, 
not only has air temperature increased worldwide, but so has the ocean surface temperature (panel B). The 
increased ocean temperature, combined with melting of glaciers and ice sheets on land, is leading to higher 
sea levels (panel C). Increased air and ocean temperatures are also causing the continued, dramatic decline in 
Arctic sea ice during the summer (panel D). Additionally, the ocean is becoming more acidic as increased at-
mospheric CO2 dissolves into it (panel E). (CO2 data from Etheridge 2010, Tans and Keeling 2012, and NOAA 
NCDC 2012; SST data from NOAA NCDC 2012 and Smith et al. 2008; Sea level data from CSIRO 2012 and 
Church and White 2011; Sea ice data from University of Illinois 2012; pH data from Doney et al. 20124,5).

Ocean Impacts of Increased Atmospheric Carbon Dioxide

Changing climate conditions are already a ecting these valuable marine ecosystems and the array of resources and 
services we derive from the sea. Some climate trends, such as rising seawater temperatures and ocean acidification, 
are common across much of the coastal areas and open ocean worldwide. The biological responses to climate change 
o en vary from region to region, depending on the di erent combinations of species, habitats, and other attributes of 
local systems. 
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The oceans cover more than two-thirds of the Earth s 
surface and play a very important role in regulating the 
Earth s climate and in climate change. Today, the world s 
oceans absorb more than 90  of the heat trapped by 
increasing levels of CO2 and other greenhouse gases in the 
atmosphere due to human activities. This extra energy 
warms the ocean, causing it to expand and sea levels to 
rise. Of the global sea level rise observed over the last 
35 years, about 40  is due to this warming of the water. 
Most of the rest is due to the melting of glaciers and ice 
sheets. Ocean levels are pro ected to rise another 1 to 4 
feet over this century, with the precise number largely 
depending on the amount of global temperature rise and 
polar ice sheet melt.

Observations from past climate combined with climate 
model pro ections of the future suggest that over the next 
100 years the Atlantic Ocean s overturning circulation 
(known as the Ocean Conveyor Belt ) could slow down 
as a result of climate change. These ocean currents carry 
warm water northward across the equator in the Atlantic 
Ocean, warming the North Atlantic (and Europe) and cool-

(Photo) Bleached brain coral; (Maps) The global extent and severity of mass coral 
bleaching have increased worldwide over the last decade. Red dots indicate severe 
bleaching. (Figure source: Marshall and Schuttenberg 2006;12 Photo credit: NOAA).

Coral Bleaching

ing the South Atlantic. A slowdown of the Conveyor Belt 
would increase regional sea level rise along the east coast 
of the U.S. and change temperature patterns in Europe 
and rainfall in Africa and the Americas, but would not lead 
to global cooling.

Warming ocean waters also a ect marine ecosystems like 
coral reefs, which can be very sensitive to temperature 
changes. When water temperatures become too high, 
coral expel the algae (called ooxanthellae) which help 
nourish them and give them their vibrant color. This is 
known as coral bleaching. If the high temperatures persist, 
the coral die.

Acidification 
In addition to the warming, the acidity of seawater is 
increasing as a direct result of increasing atmospheric CO2. 
Due to human-induced emissions, atmospheric CO2 has 
risen by about 40  above pre-industrial levels.5,6  About a 
quarter of this excess CO2 has dissolved into the oceans, 
thereby changing seawater chemistry and decreasing pH 
(making seawater more acidic).2,7 There has been about 

a 30  increase in surface ocean acidity 
since pre-industrial times.8 Ocean acid-
ification will continue in the future due 
to the interaction of atmospheric CO2 
and ocean water. Regional di erences in 
ocean pH occur as a result of variability 
in regional or local conditions, such as 
upwelling that brings subsurface waters 
up to the surface.9 Locally, coastal waters 
and estuaries can also exhibit acidification 
as the result of pollution and excess 
nutrient inputs.

More acidic waters create repercussions 
along the marine food chain. The chemi-
cal changes caused by the uptake of CO2 
make it more difficult for living things to 
form and maintain calcium carbonate 
shells and skeletons and increases erosion 
of coral reefs,10 resulting in alterations in 
marine ecosystems that will become more 
severe as present-day trends in acidifi-
cation continue or accelerate.11 Tropical 
corals are particularly susceptible to the 
combination of ocean acidification and 
ocean warming, which would threaten 
the rich and biologically diverse coral reef 
habitats. See page 33.
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These 36-day-old clams are a single species, Mercenaria mercenaria, grown in the laboratory under varying levels of carbon dioxide (CO2) 
in the air. CO2 is absorbed from the air by ocean water, acidifying the water and thus reducing the ability of juvenile clams to grow their 
shells. As seen in the photos, 36-day-old clams (measured in microns) grown under elevated CO2 levels are smaller than those grown under 
lower CO2 levels. The highest CO2 level, about 1500 parts per million (ppm; far right), is higher than most projections for the end of this cen-
tury but could occur locally in some estuaries. (Figure source: Talmage and Gobler 201013).

ean idifi ation Redu es i e of la s

Diseases 
There has been a significant increase in reported inci-
dences of disease in corals, urchins, mollusks, marine 
mammals, turtles, and echinoderms (a group of some 
70,000 marine species including sea stars, sea urchins, 
and sand dollars) over the last several decades.14,15 
Increasing disease outbreaks in the ocean a ecting 
ecologically important species, which provide critically 
important habitat for other species such as corals, 
algae, and eelgrass, have been linked with rising tem-
peratures.15,16,17 Disease increases mortality and can 
reduce abundance for a ected populations as well as 
fundamentally change ecosystems by altering habitat 
or species relationships. For example, loss of eelgrass 
beds due to disease can reduce critical nursery habitat 
for several species of commercially important fish.17,18

is eries ifting ort

Ocean species are shifting northward along U.S. coastlines as ocean 
temperatures rise. As a result, over the past 40 years, more northern 
ports have gradually increased their landings of four marine species 
compared to earlier landings. While some species move northward out of 
an area, other species move in from the south. This kind of information 
can inform decisions about how to adapt to climate change. Such 
adaptations take time and have costs, as local knowledge and equipment 
are geared to the species that have long been present in an area. (Figure 
source: adapted from Pinsky and Fogerty 201219).
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