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Summary

1. Local planners have key role in response to OA, as well as SLR 
and other climate impacts. 

2. Restoration and resilience planning can be strengthened by 

providing high-res Lidar elevation models to local planners

3.    Can advance vegetation based remediation (Action 6.1.1), OA 
refuges (Action 6.3.2), planning to reduce nutrients and organic 
carbon loads (Action 5.1.2).

4. Letter from MRAC to Ecology and Governor’s office can 
encourage providing data to strengthen local planning.

5. Draft in works, will provide for review and revision.



Inspiration from research…

I.K. Chung, Pusan Nat’l 
University: kelp as CO2

sink: created “Coastal CO2

Removal
Belt” in Korea. Showed 
Ecklonia brown algae can 
draw 10t/yr
per hectare.

Gail Chmura, McGill 
University: Highlighted 
need for precise 
elevations to plan 
restoration. Noted 
“millions wasted” 
restoring marshes 
doomed by SLR.

Richard Zimmerman, Old Dominion 
University: with colleagues, he documented 
CO2  consumption by eelgrasses, showing a 
high-CO2 ocean may speed growth. Some 
carbon can be stored in mud beneath the 
eelgrass beds (varies by species, place, etc)



Every picture tells a story……
High Temperature, pH 6.5 High Temperature, pH 8

Slide: Richard Zimmerman, ODU



http://www.oceanacidification.noaa.gov/

Dwight Gledhill (NOAA OAP)
Joe Salisbury (UNH/NERACOOS)
Derek Manzello (NOAA AOML)

Slide adapted from D Gledhill



Nature’s carbon burial superstars?
As it is now, Snohomish 
estuary will bury 2.55 million 
tons of carbon over 100 yrs:    
500,000 cars

Fully restored, it could take 
out 8.9 million tons:
1.7 million cars 

Crooks, Rybczyk, O’Connell, Devier, 
Poppe, and Emmett-Mattox, 
Restore America’s Estuaries, 2014



Is there a silver lining?
1 meter of sea level rise…

• In U.S., inundated area = size of 
New Jersey

• Can we learn to manage this 
new coastal inundation zone?

• Huge potential to deliver

—flood protection

—fisheries & aquaculture

—acidification refuges

—carbon sequestration





Salt marsh

Buries 10-17x more carbon per acre/year than 
Brazilian rainforest. 



COASTAL PLANNING & RESTORATION
• Key decisions are local: SMPs, watershed 

groups, land trusts

• Good data leads to good planning: high-res 
elevations and GIS are needed to make 
decisions

• Many communities lack ready access to this 
data

• Planning for SLR is deemed “optional.” 
Addressing OA in planning? Barely imagined 
(and addressing SLR is a prerequisite)

PROJECT QUESTIONS
1. Given the data, can communities begin to 
anticipate SLR effects and use scenarios for planning? 
2. Can we really expect a huge increase in saltmarsh 
etc?



PNW coastal habitat assessment: NWF 
2007

• SLAMM (Sea Level Affecting Marshes 
Model) 5.0; noted some missing dike info

• 2001 SLR scenarios from IPCC: max 
0.69m by 2100

• used 10m DEMs, so high uncertainty in 
low-relief areas



WFC study of Grays Harbor Estuary

Sandell T, and A McAninch, 
Climate Change in the Chehalis 
River and Grays Harbor Estuary,  
Wild Fish Conservancy 2013
(prepared for Chehalis Basin 
Habitat Work Group)

 Projected 4x
increase in 
saltmarsh

 199x transitional 
marsh



Chehalis and Grays Harbor study, WFC 
2013

• Detailed watershed assessment of climate 
impacts for salmon; examines multiple 
stresses in this system. 

• SLAMM sampled DEMs from 2009 data at 5m 
resolution (2x the NWF horizontal res). Result: 

up to ~2m in vertical errors



Grays Harbor habitat change 
Wild Fish Conservancy 2013

Sandell & McAninch, 2013: Climate Change in the Chehalis River 
and Grays Harbor Estuary



Ducks Unlimited 2010

LiDAR, better ‘dike layer’ definition, 
separated major estuaries, 
simplified wetland classification, 
examined uncertainty in SLAMM; 
used SLAMM 6.0

SLR scenarios again use the 2001 
IPCC projection of .69m

Ducks Unlimited slides adapted from 2010 presentation 
by Curt Mykut, Tom Dwyer, Mark Petrie, 
Ducks Unlimited Inc, Vancouver WA



Projected Habitat Change 

SOURCE: M Petrie 2010 presentation from Ducks Unlimited work

+46%

6.38x

15.3x

From Ducks Unlimited 2010

Decrease
Increase

—54%







Some Initial Lessons

• Emergency Planning mindset is prevalent. 
High-res data can enable long-term planning, 
make SLR less “disaster-oriented”

• Given good data, people can make good 
plans

• Community-driven: give communities what 
they need to get in front of problems, and 
they’ll run with it

• Show people change and you find out where 
their priorities are


