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“The Strategy Is part of a proactive
approach to increase the production,
delivery and use of climate-related
S S\ Information to fulfill NOAA Fisheries

%4 NOAA Fisheries mandates in a changing climate.
> - Climate Science Strategy  Implementing this Strategy will help

%% Highlights reduce impacts and increase the
5 resilience of our valuable living
marine resources, and the people,
businesses, and communities that
depend on them.”

- Eileen Sobeck
Former Fisheries
Assistant Administrator

https://www.st.nmfs.noaa.gov/ecosystems/c
limate/national-climate-strategy
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Climate Science Strategy Objectives

Climate-lnfonned
Reference Points

Robust Management Strategies
Adaptive Management Processes
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The Northeast Regional Action

0 amcs%%

g@g Plan identifies 15 NERAP Actions
S’ of highest priority. These actions
NOAA Highlights of the are ordered by the objectives of
FISHERIES Climate Science Strategy : : :
R the NOAA Fisheries Climate
seme. Northeast Science Strat NERAP
o - Regional Action Plan Clgnce . I egy. (€.9. .
Action 1 Is associated with
o Objective 1 of the Strategy).
e ® el Actions are prioritized for No New
o.. Resources and New Resources
The Nwdhrﬁon . | Scenarlos
' wn—— 8
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U.S. Commercial Fishery Annual Value

Pacific

10%

of landings Top Ports by Volume and Value of Seafood Landed

3
‘.- Atlantic " o ¥
13% . e il .,
30/0 : - Bedford

of value : Y. AK e .
‘ 1 770 milion pounds A MA
: 2% $198 million & ey 11* 107 miion
of landings ; \ conscse s+ S e
_ 90/ : Kodiak, AK B
Aleutian Islands = ! , @
_ 4 \ ‘\ (o] (Other), AK 4 417 millon pounds *_

( Aﬁ 2016 U.S. Commercial Fisheries and the Seafood Industry

-

; = 5 $107 million 1
of value 2 508 milion pounds Honolulu, Hi

G u If Of M ex Ic 0 TS0 e 26" 32 mil\ion‘pnunds
Ala SKa 6" $106 million

%
1 8 (0] Empire-Venice, LA Westport, WA

o ¥ 3™ 440 million pounds 10" 108 million pounds
0 Of |Elr| dlngS Intracoastal City, LA 3% §122 million 14* 359 million

. 8" 215 million pounds
of Iandlngs 41* $26 million Astaria, OR

0 12" 94 million pounds
0 24" $42 million

29 O/ o] of value Newport, OR

13* 77 million pounds
of value W s res 20° $48 millon

*Hawaii contributed <1% of U.S. volume and 2% of U.S. |andings value.
The Great Lakes contributed <1% of U.S. landings and landings value.

NOAA, 2016
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Northwest Atlantic Oceanography

Browns

Townsend et al. - : North Wall Gulf Stream
(2010)
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US Northeast Shelf - Warming

>

Area (107 km?)

2004-2013 Pershlng et al., 2015
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Gulf of Maine

Ocean surface temperature has
warmed faster than 99% of the
global ocean (Pershing et al.
2015).
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Warming ocean, fish on the move

Atlantic cod

Atlantic Cod
-Spring
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Warming ocean, fish on the move

Black sea bass

Black Sea Bass
-Fall
1968

NOAA Survey Data
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The effects of sub-regional climate velocity on the

distribution and spatial extent of marine species
assemblages

Kristin M. Kleisner'*, Michael J. Fogarty’, Sally McGee?, Analie Barnett?, Paula Fratantoni', Jennifer Greene?, Jonathan A.
Hare3, Sean Lucey’, Christopher McGuire?, Jay Odell?, Vincent S. Saba*, Laurel Smith', Katherine J. Weaver?, Malin L.
Pinsky’
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Surface pH - U.S. NES

Change in pH 1880 to 2009

46

Average pH change -0.036 over 29 years
(Rebuck et al. unpublished)
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Climate Vulnerability Assessment (CVA)
Northeastern US

Overall Climate Vulnerability Ranking for 82 Species

Low 23% Med 23% High 23% -

Species groups most vulnerable to Species groups least vulnerable to
climate effects in the Northeast: climate effects in the Northeast:
o T
Diadromous species Benthic invertebrate Pelagic Spedes
which migrate species which live on the which live near the water's
between fresh and salt ocean bottom (eg, surface (e.g., Atlantic
water (e.g., salmon) scallops, lobsters, clams) Hemring mackerel)




Climate vulnerability

RESEARCH ARTICLE

A Vulnerability Assessment of Fish and
Invertebrates to Climate Change on the
Northeast U.S. Continental Shelf

Jonathan A. Hare'*, Wendy E. Morrison?, Mark W. Nelson?, Megan M. Stachura®2, Eric

J. Teeters?, Roger B. Griffis®, Michael A. Alexander®, James D. Scott®, Larry Alade®,
Richard J. Bell'"?, Antonie S. Chute®, Kiersten L. Curti®, Tobey H. Curtis?, Daniel Kircheis®,
John F. Kocik®, Sean M. Lucey®, Camilla T. McCandless’, Lisa M. Milke®, David

E. Richardson’, Eric Robillard®, Harvey J. Walsh', M. Conor McManus'°"°, Katrin

E. Marancik'?, Carolyn A. Griswold’

Sea turtle and marine
mammal vulnerability
assessment (Lettrich et
al. In prep.)

Number of Species

Atlantic Herring
Haddock
Ocean Pout
Sand Lances
Witch Flounder
American Shad
Atlantic Sturgeon
Barndoor Skate
Bloodworm

Little Skate
Offshore Hake
Winter Skate

Positive Neutral Negative

Directional Effect
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point Judith, i OP€CIES vulnerability in Northeast
A i fishing communities
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Habitat Climate Vulnerability Assessment

Develop a habitat vulnerability assessment that can provide broader
consideration of habitat in future vulnerability assessments and can be
used directly in management applications

: . Climate Change
1. Review existing methods Vulnerability Assessments Habitat is defined as:

e coastal rivers and
watersheds, estuaries,
and marine waters:

2. Develop draft method

|
3. Implement draft method 7
In Northeast U.S.

Mam * bottom zones through

4. Review method and 3 the water column;
Northeast U.S. Veberdity e an area’s physical,
Implementation geological, chemical,

and biological
components

NOAAFISHERIES




Climate Projections - Global Climate & Earth System

Schematic for Global
Atmospheric Model

Vertical Grid (Height or Pressure)

Atmospheric circulation and radiation
Chemistry - CO,, NO , SO,, aerosols, etc

Plant ecology & land use

Ocean ecology &

Biogeochemistry Land physics & hydrology
Ocean circulation S ——————————
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NOJAVAY GFDL Cllmate Models: U.S. Northeast Shelf

7 Observed

\TZ) NOAAFISHERIES

GFDL CM2.1

GFDL CM2.6

Sea Surface Temperature °C

High-res.
ocean
(10-km)

Saba et al. 2016
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Global Climate Models: Resolution

GFDL CM2.6 & CM2.5 FLOR
sea surface temperature

High-Resolution Ocean (10-km) Low Resolutlon Ocean (100- km)
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Northwest Atlantic — Projected ocean warming

N 5 = o
s S 7 s
500N 4 T . & i

+1 to +2 °C
+1 to +2 °C

Low-Resolution Model ¥~ Low-Resolution Model
High-Resolution Atmos.

¥ 12510 +3.5 °C

Mid-Resolution Model High-Resolution Model

-1. 0 +1.0 +2.0 +3.0 +4.0
Saba et al- 2016 Bottom ocean temperature change (°C)
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Northwest Atlantic 2xCO, Projection

A

Saba et al. 2016
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Atlantic cod thermal habitat projection based on
NOAA GFDL'’s high-res. climate model
Atlantic cod

B-W Therm Hab

Value of Landings
(e [ ovee | T
Dollars
Lobsters 679,214
Crabs 678,727
Shrimp 488,384
Salmon 460,166
Pollock 449198
Scallops 440,496
Cod 264,191
Flatfish 263,615
Oysters 213,773
Clams 206,299

Atlantic Cod
-Spring
Year 1

Projected Thermal Habitat

1
2
3
4
5
6
7
8
9
0

Kleisner et al. 2017
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Summer flounder thermal habitat projection
based on NOAA GFDL’s high-res. climate model
Summer flounder

B-W Therm Hab

Value of Landings
(o [ omers | o
Dollars
Lobsters 679,214
Crabs 678,727
Shrimp 488,384
Salmon 460,166
Pollock 449198
Scallops 440,496
Cod 264,191
Flatfish 263,615
Oysters 213,773
Clams 206,299

: r. P -
Summer Flounder

-Fall

Projected Thermal Habitat

T2 W 70 W 68 W

Kleisner et al. 2017

1
2
3
4
5
6
7
8
9
0

—

Lrorng
f@‘% NOAA FISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 25
St



| Distance from port to
DA fishing areas

Newington *

MA = g:;ﬂd‘ D|Stance tO port Under

New Judith

e e continued ocean warming.

Montauk > .

Distance from port

Does not account for:

port 1991-2013  61-80 yrs proj.
Poland 262|167 218]157°
WIS MNevinglon  26[153 187|137 . : :
" NewBediord 120[105° 146 081° F h t | t h
‘f‘;’t‘;{':ra" Point Judith  163]091°  200075° e IS Ing |||0r a I y C ange-
Newlondon 215[091°  249]078°
Montauk 204|082 246]|070°

' O Point Judith ~ 194]200° 128 120°

3 - - |

Reedvill : )

o - gl T » Species interactions.
Flounder CaPeMay  238]069°  452]064°

Reedville 405]060° 621|060
Wanchese ~ 522|035° = 728|043°

Atlantic  Reedvile  127]087° | 230]069°

Wanchese 238|177 344|028°
Wanchese“r Croaker

Kleisner et al. 2017
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Calanus finmarchicus projection based on NOAA
GFDL’s high-res. climate model

Calanus finmarchicus habitat climate change projection based on NOAA GFDL'’s high-res. CM2.6.

Ensemble Density Ensemble change

74°W 70°W  66°W 74°W 70°W 66°W

Grieve et al. 2017
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Piscivore overlap projections based on NOAA
GFDL’s high-res. climate model
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Selden et al. 2017
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Climate Model Downscaling - Northeast U.S.
EStuaries

Chesapeake Bay Long Island Sound

Surface temperature Temperature

Sept. 2011: Observed ‘ Sept. 2011: Modeled

Surface (°C per decade)

Bottom (°C per decade)

Muhling et al. 2017a Shulte et al. 2017
Georgas et al. 2016
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Projections of the future occurrence, distribution,
and seasonality of three Vibrio species in the
Chesapeake Bay under a high-emission

climate change scenario

Barbara A. Muhling™?2 (", John Jacobs*, Charles A. Stock? ", Carlos F. Gaitan®,
and Vincent S. Saba®

40 40
Historical 5T Future A S Change
(1970-1999) AT (2071-2100) v (2071-2100 minus 1970-1999)

405 SUMMer e § Summer i & 5 Summer

77

Muhling et al. 2017b
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Laboratory Studies

Phytoplankton Shellfish

Finfish

James J. Howard
Marine Sciences
Laboratory
Sandy Hook, NJ

o,

2 noan 5

‘X7 NOAAFISHERIES
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Laboratory Studies

unpublished

¥ =342.31+50.07x - 71.68¢" - 20.21°, /¥ = 0.997
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Laboratory Studies

NOAA Sandy Hook Lab

Effect of Temperature on Metabolic

Scope

140
Ellﬂ
g 100 B B B
~ 80 AB
8
g 60 A
3 40
S 20

0

10 13 17 21 23
TEMPERATURE

e AS.AVG_MO2

Higher temperatures above 23-24C
resulted in high mortality

Andres et al. unpublished
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Other ongoing research

Monitoring pH at shellfish hatcheries
Fine-scale modeling of habitat

Sea turtle nesting and habitat analyses
Atlantic Salmon - climate scenario planning

Beyond temperature: Habitat modeling using biological and
physical variables

Regional model projection — includes lower trophics (GFDL,
Rutgers University). Many other academic collaborations.
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Summary

e U.S. Northeast Shelf accounts for > 1/3 annual value of commercial fish.
« U.S. Northeast Shelf has warmed faster than most other coastal waters globally.
 NOAA GFDL's high-res. global climate model resolves the enhanced warming.

 Continued distribution shifts of valuable commercial species are highly likely under
climate change.

* Need to move beyond temperature impacts. More laboratory process studies. Need
to incorporate climate variables into ecosystem models. Assess uncertainty.

 Climate impacts research — inform assessments and management.

e Goal - climate ready fisheries management. Requires EBFM.
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