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Growing Challenges for Effective Management
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The impacts are real…

Shifting DistributionsChanging Productivity

Changing FisheriesChanging Abundance
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Our Warming Planet

10,000 year record
We are 

here



Record Levels of CO2 in the Atmosphere
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Record Average in 2015 (400 ppm)

2011

Presenter
Presentation Notes
Analysis of air bubbles trapped in an Antarctic ice core extending back 800,000 years document the Earth’s changing carbon dioxide concentration. Over this long period, natural factors have caused the atmospheric carbon dioxide concentration to vary within a range of about 170 to 300 parts per million (ppm). Temperature-related data make clear that these variations have played a central role in determining the global climate.  As a result of human activities, the present carbon dioxide concentration of about 392 ppm is about 30 percent above its highest level over at least the last 800,000 years. 



Earth is now 1.5°F warmer than 20th century Ave.

NOAA Climate.gov



Most (>90%) of Earth’s energy surplus has been 
absorbed by the ocean

NOAA Climate.gov

Presenter
Presentation Notes
More than 90 percent of the warming on Earth over the last 50 years has occurred in the ocean. Recent research estimates that warming of the upper oceans accounts for 63% of the increase in the amount of stored heat in the climate system from 1971-2010.To put that amount of energy change into perspective, scientists estimate it’s about 2.5 billion times greater than the energy released by the atomic bomb dropped on Hiroshima!
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More than 90 percent of the warming on Earth over the last 50 years has occurred in the ocean. Recent research estimates that warming of the upper oceans accounts for 63% of the increase in the amount of stored heat in the climate system from 1971-2010.To put that amount of energy change into perspective, scientists estimate it’s about 2.5 billion times greater than the energy released by the atomic bomb dropped on Hiroshima.



Ocean Warming Expected to Continue

Projected Average Annual Surface Temperature (IPCC AR5) 



Presenter
Presentation Notes
This graph shows the overall decline in the ice mass of Greenland’s ice sheet. Since 2002, Greenland has lost more than 3 trillion tons of ice, which contributes directly to sea level rise. 



Today, global sea level is rising at an accelerating rate

Since 1900 global mean sea level has risen by 
about 7–8 inches (about 16–21 cm)

Presenter
Presentation Notes
- Average annual global sea level is rising, but is not uniform across the globe, as shown in the map (inset).  Global mean sea level in 2015 was 2.7 inches (7 cm) above the 1993 average, making it the highest sea level recorded since 1993, when the satellite altimeter data record began.Places where sea level was up to 7.8 inches (20 cm) ABOVE the 1993 baseline appear on the map as dark blue.Places where sea level was up to 7.8 inches (20 cm) BELOW the 1993 baseline appear as dark brown.



Global warming affects 
global sea level rise
in two main ways:

1. Melting ice sheets and 
glaciers on land directly 
contributes to SLR

2. Thermal expansion of 
seawater as the ocean 
absorbs Earth’s surplus 
heat energy



Sea Levels Expected To Rise
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Presenter
Presentation Notes
With climate change trends and modeling, that static condition is no longer our “norm”…and depending on the modeling scenarios, the “new norm” ranges from significantly different (1-2 feet rise) to catastrophically different (> 4 feet rise). Relative to the year 2000, sea level is very likely to rise by 1 to 4 feet (30–130 cm) by 2100We don’t get “the same” anymore.And by the way -  recent data has already indicated that our first modeling projections were too conservative.  In other words, we’ve already moved past those early “best case scenarios” with lower sea level rise projections.



Relative SLR trends for the United States
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Presenter
Presentation Notes
So looking at data across the U.S., you can see varying regional trends in RMSLR, which differ significantly (even some places where RMSLR is declining).



Sea Level Rise

?



• More than 
400 ocean 
dead zones 
reported 
between 2000 
and 2008.

• 300 (1990s)
• 120 (1980s)

Decreasing Ocean Concentrations

https://nofishleft.files.wordpress.com/2010/11/co
astal-dead-zones.jpg



Record Levels of CO2 in the Atmosphere

18

Average in 2011 (almost 392 ppm)

2011

Presenter
Presentation Notes
Analysis of air bubbles trapped in an Antarctic ice core extending back 800,000 years document the Earth’s changing carbon dioxide concentration. Over this long period, natural factors have caused the atmospheric carbon dioxide concentration to vary within a range of about 170 to 300 parts per million (ppm). Temperature-related data make clear that these variations have played a central role in determining the global climate.  As a result of human activities, the present carbon dioxide concentration of about 392 ppm is about 30 percent above its highest level over at least the last 800,000 years. 



Oceans Absorb Large Amounts of CO2

Monterey Bay National Marine Sanctuary



Increase in CO2  Ocean Acidification

Ocean surface waters 
• absorbed @ 25% 

emitted CO2
• became 30% more 

acidic over the last 
150 years

• higher-latitude 
systems typically 
have a lower 
buffering capacity 
against pH change



Ocean Acidification Expected to Increase

Predicted change in sea surface pH in 2090–2099 relative to 1990–1999 under RCP8.5, based on the Community Earth 
System Models–Large Ensemble Experiments CMIP5 (Figure source: adapted from Bopp et al. 2013).

Presenter
Presentation Notes
Projections indicate that by the end of the century, surface pH will decline from the current 8.1 to an average of 7.8 



Climate Impacts on Marine and Coastal Ecosystems

2014 US National Climate Assessment 
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Figure courtesy of William Cheung, Univ. of British Columbia
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Presenter
Presentation Notes
Illustration of potential climate-related impacts on species distributionsAnd some of the possible implications of shifts in distribution includingChanges in species interactionsChanges in habitat use and habitat conservation neededChanges in management and governance responsibilities



Shifting Marine Species Distributions
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60%
Stocks moved 

poleward

Declines

IncreasesIncreases
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Change 
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Fisheries losses

East Coast Warming & Fisheries Management

Black Sea Bass 

Black Sea Bass 

Tile Fish 



A SCHEMATIC –NOT BASED ON 
QUANTATATIVE ANALYSES

• Uncertainty in how will ocean conditions will change over 
near-term (combo of natural variability and change).

• Long-term 
change signal 
is strong (30-
100 years)

• How prepare 
for change 
(including 
surprises)?

Preparing for Variability and Change in Northeast U.S. Oceans
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Thank You

www.st.nmfs.noaa.gov/ecosystems/climate
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Ocean Warming Expected to Continue
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