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Growing Challenges for Effective Management
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The iImpacts are real...

Changing Productivity Shlftlng Dlstrlbutlons




The Impacts Are Expected to Increase

Climate Physical Biological Social
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Our Warming Planet

0.8
o
g
2 4
i
2
£
b 0
:
e 0.4
g
g
e
| =
v 0.8
£
=

1.2

K
4

{(:

(~]

Global Temperature (°F)

0
1880 1900 1920 1940 1960 1980 2000

temperature estimate l

range of uncertainty |

1961-1990 average

10000 8000 6000 4000 2000 0

Years Before Present We are

| NOAAFISHERIES 10 , 000 year reCOFd here

Y] W w
(=]

o w
a (=]

Ky
(=]

o

CO, Concentration (ppm)



Record Levels of CO2 in the Atmosphere
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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 20t century Ave.

Earth’s surface temperature, 1880-2016 2015
strong El Nino year \

1.5 1998
strong El Niho year “
1 1 awln II.I||
1939-41
record warm |I I ‘ II
0.5 3 years in a row - «l “ A
20th-century average ‘\

0 —
‘/ 2014-16 ‘/
1976 record warm
-0.5- . the last year 3 years in a row

(] n I I L
I |I I Earth was cooler than
20th-century average
'1 T T T T T T T T T

1885 1895 1905 1915 1925 1935 1945 1955 1965 1975 1985 1995 2005 2015

difference from average temperature (°F)

NOAA Climate.gov

&% NOAAFISHERIES
Q\M\-,J



P
Most (>90%) of Earth’s energy surplus has been

absorbed by the ocean

Heat Content Anomaly (10722 Joules)

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Year

NOAA Climate.gov

<,
b
ﬁs NOAA FISHERIES


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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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.


Ocean Warming Expected to Continue
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DECLINING ICE MASS IN GREENLAND
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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

GLOBAL SEA LEVEL HITS NEW RECORD HIGH
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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 pain causes oF SEA LEVEL RISE
° 2002 -2014

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

Source: Rietbroek et al.. Revisiting the contemporary sea level budget on global and regional scales, PNAS
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Sea Levels Expected To Rise

16 Sea-Level Rise Modeling Handbook: Resource Guide for Coastal Land Managers, Engineers, and Scientists
7
6.6 fest
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Figure 9. Historical, observed, and possible future amounts of global sea-level rise from 1800 to 2100 (from Melillo and others, 2014).

Historical estimates (hased on sediment records and other proxies) are shown in red (pink band shows uncertainty range), tide gage
measurements in blue, and satellite observations in green.
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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 2100


We 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

Sea Level Trends
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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

FIGURE 3. Storm Surge and High Tides Magnify the Risks of Local Sea Level Rise
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Sea level sets a baseline for storm surge—the potentially destructive rise in sea height that occurs during a coastal storm. As local sea level
rises, so does that baseline, allowing coastal storm surges to penetrate farther inland. With higher global sea levels in 2050 and 2100, areas
much farther inland would be at risk of being flooded. The extent of local flooding alse depends on factors like tides, natural and artificial
barriers, and the contours ofcoasta! land. © Union of Concerned Scientists 2015; www.ucsusa.org/sealevelrisescience

I onn g

3

) NOAA FISHERIES

%&ﬂwﬂ‘#{



Decreasing Ocean Concentrations

e More than
400 ocean
dead zones
reported
between 2000
and 2008.
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Record Levels of CO2 in the Atmosphere
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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
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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
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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).
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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 
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Hypoxia

Salinity

Original
distribution

Depth

Figure courtesy of William Cheung, Univ. of British Columbia


Presenter
Presentation Notes
Illustration of potential climate-related impacts on species distributions

And some of the possible implications of shifts in distribution including

Changes in species interactions
Changes in habitat use and habitat conservation needed
Changes in management and governance responsibilities


Shifting Marine Species Distributions

Am’

65

50 » Pradliate L
3 15|

3

40

[ ] ]

= o

] 1
Latitude (=)

i iy

~180 160 ~140 -120 ~100 -80 -60
Longitude (*

&% NOAAFISHERIES
Q\M\‘,J



East Coast Warming & Fisheries Management
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Preparing for Variability and Change in Northeast U.S. Oceans

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

e Long-term
change signal
IS strong (30-
100 years)

e How prepare
for change
(including
surprises)?
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Climate Impacts On Ocean Ecosystems
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Ocean Warming Expected to Continue

CMIP5 ENSMN RCP8.5 anomaly (2050-2099)-(1956-2005) C
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