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Motivation and Background

« At the request of the Office of National Marine
Sanctuaries (ONMS), develop a Climate Change Site
Scenario that describes what the site and its environs
will likely look like in 50 to 100 years

e Guidance from the ONMS Climate-Smart Sanctuaries
program states that the draft Climate Change Site
Scenario should:

lan Miller — Be based on best available information, in-cluding

| MARINE historic baseline information, recent resources
BIOLOGIST assessment(s), and any climatologies, models, or
' forecasts available for the site and its surrounding

region;
— Use the best local expertise;

— Provide for the involvement of stakeholders, including
an advisory group if present;

— Provide for other public review; and

— Undergo a rigorous peer review process.




OCNMS Draft Management Plan

D2. Climate Change Action Plan

Desired Outcomes:

1) OCNMS is a sentinel site in the Pacific Northwest for climate change monitoring,

2) OCNMS is a go-to source for climate change information on Washington’s outer coast marine ecosystems,
and

3) OCNMS understands and is prepared for likely climate change impacts in the sanctuary region.

Strategy CLIM1: CLIMATE-SMART SANCTUARY PROGRAM
Participate in the Office of National Marine Sanctuaries Climate-Smart Sanctuaries
program in order to become certified as a climate-smart sanctuary.

o Activity B: Develop a Climate Change Site Scenario for OCNMS that synthesizes the best available
information on climate change impacts to present a picture of what the sanctuary might look like in
50 to 100 years.

Strategy CLIM4: COMMUNICATING CLIMATE CHANGE
Communicate information about climate change and its potential effects on the sanctuary
and Washington’s outer coast to OCNMS partners and the public.

o Activity B: Provide local communities and the public with information about potential climate
change impacts on the Olympic Coast and local, tribal, state and regional efforts to plan for climate
change.

http://olympiccoast.noaa.gov/protection/mpr/33-118 draftplan.pdf



Proposed Outline

e  Abstract (including a summary of key issues and a list of recommendation)
* Introduction (defining the need)

*  Physical Effects of Climate Change
— Precipitation and Land Run-off
— Atmosphere
— Ocean Currents (e.g. upwelling)
— Waves
— Sea Level Rise
— Coastal Erosion and Shoreline Change
— Changing Ocean Properties (e.g. Acidification, Oxygen)

*  Expected Response of Biological Communities
— Marine Organisms
— Range Shifts
— Responses in Marine Habitats
* Human and Biological Vulnerability to Coastal Change

* AReview of Relevant Adaptation Strategies

* Needs Assessment: Priority Research Areas
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Proposed Communication Model
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Templates

17 Working Group Members
2 Staff
X 39 contributors
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CLIMATE CHANGE IMPACTS . .
Priority Issues:

 Upwelling
e Ocean Temperature
e Sea Level
GULF OF THE FARALLONES AND CORDELL BANK [ ] Ocean pH
NATIONAL MARINE SANCTUARIES R
e Surprise!

Report of a Joint Working Growp of the Gulf of the Farallones and Cordell Bank
National Marine Sanciuaries Advisory Councils

Sample Recommendations

* Promote Stewardship

e Qutreach

* Direct Monitoring Towards Expected Change

* Assess Stressors that constrain “breathing
room”

* Adapt Management to Minimize Future
Impacts

Editors Joha Largier, Brian Cheag, and Kelley Higgason

June 2010

http://cordellbank.noaa.gov/science/climate_imp_0610.pdf



Templates

USDA

e

Adapting to Climate
Change at Olympic
National Forest and
Olympic National Park

Nice Analysis of Potential Terrestrial
Impacts

But, no Coast Specific Scenario Analysis

http://www.treesearch.fs.fed.us/pubs/38702
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Regional Scale Compilation of
Impacts on Marine and Coastal
Ecosystems — DUE OUT SOON

Also, a regional synthesis of Sea
Level Rise for the West Coast of
the U.S. by the National Research
Council also due out soon.



Templates

B oasts Washington Climate Change Impacts
Assessment

Impacts of Climate Change on the Coasts of Washington State

Coastal Chapter a brief survey of impacts
and responses, mostly with a focus on
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Key Trends in PNW Climate

Average annual
temperature increased
+1.5°F in the PNW during
the 20th century

a. April 1 SWE Observations 1950-1997

April 1 snowpack has
decreased throughout
the PNW with losses of
30-60% at many individual
stations (1950-2000)

Similar snowpack declines
are seen throughout the

western United States
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Projected Increases in 2020s | +2.0°F (1.1-3.4°F)
Annual PNW Temperature 2040s | +3.2°F (1.6-5.2°F)
* Relative to 1970-1999 average 2080s | +5.3°F (2.8-9.7°F)
D T
Temperature Natural variability may enhance or
] SRES Bl counteract this trend at any given -9
4 ; SRES A 1B point in time. ’
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Mote and Salathé, 2009



Sea Level
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“uncertainty remains as to whether [these
increases] are the product of human-induced
greenhouse warming or represent variations

@ \ related to natural multi-decadal climate cycles.

Whatever the cause, the increases are
= A\ o . . . . . o
important in their impacts ranging from ship
| safety to enhanced coastal hazards”

Station 46005 Hourly Significant Wave Heights

—— Decade: 1976 - 1990(N = 74218)
—— Decade: 1998 - 2007 (N = 73671)
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Storm Impacts

Monthly Mean Sea Level
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2020s

2040s

2080s

Water Flux, Hoh River

combined flow (in):

B1

B1 Scenario = Low Emissions

_\ Estimated Historical Baseline
(1916-2006)
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—— Range of Outcomes from Multiple Runs

Mean of Outcomes from Multiple Runs
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Ocean Acidification

Aragonite Saturation Horizon Shoaling
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Distribution of the depths of
undersaturated water (aragonite
saturation < 1.0; pH < 7.75) on the
continental shelf of western North
America from Queen Charlotte
Sound, Canada, to San Gregorio Baja
California Sur, Mexico.

Feely et al., 2008
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Biological Communities
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Questions?

Other Angles or Directions?

lan Miller

Washinglon Immiller@u.washington.edu
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Climate Cycles
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Komar et al, 2011
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A Few Examples

Global Sea Level Drops 6 mm in 2010

6 T 1
- St Slope = 3.2 mm/year
5
g o 4 ™ . N K
E Variability
o 3
% °I and Trend
(4]
8 2 El Nino “10 becomes La Nina ‘10
c . "
8 1t 2
2 - 9 :"._
0F 4 A
Sea level data courtesy of S. Nerem, University of Colorado
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http://www.jpl.nasa.gov/news/news.cfm?release=2011-262
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(a) Landings (t km-2)
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(b) Biomass (t km—2)
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Sea level change (mm)

Sea Level
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Storm Frequency/Intensity

Station 46005 Hourly Significant Wave Heights
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