
Living shorelines, Stage 0 channels, 
and other design measures

for climate adaptability

Curtis Loeb, PE  
Wolf Water Resources 

Portland, Oregon

Steigerwald National Wildlife Refuge Restoration
Washougal, WA



Background 

• Lower Columbia River - salmonid species in 
decline 

• 70% loss of historic habitats

• Diking, draining, development

• Effects of climate change exacerbate habitat loss

• Habitat restoration – limit factor
• Juvenile salmonid rearing
• Other native fish, wildlife
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Estuary position – Steigerwald NWR



Source: LCEP

Existing conditions



Impairments – Gibbons Creek



Restoration overview



DESIGN
MEASURE Living shorelines1

Source: NOAA Fisheries



DESIGN
MEASURE 

Living shoreline – vegetated overbuilds1



DESIGN
MEASURE Vegetated Levee Overbuild1Gibbons Cr – living berm (east levee)



DESIGN
MEASURE Hydrologic variability2



DESIGN
MEASURE Hydrologic variability2



July-Oct.

Apr-July
Nov.-Mar.

Mean Col. River stage 
Nov-Mar is  6” below 

floodplain invert.

DESIGN
MEASURE Hydrologic variability2



DESIGN
MEASURE Stage 0 - background3

Stream evolution model (Cluer and Thorne 2013)



DESIGN
MEASURE Stage 0 - habitat3

Habitat & ecosystem benefits based on 
hydrogeomorphic attributes (Cluer and Thorne 2013)



DESIGN
MEASURE Floodplain - focused3

Staley Creek, Upper Willamette River 



DESIGN
MEASURE Floodplain - focused3

Staley Creek, Upper Willamette River 

Staley Creek - Before

Staley Creek - After



DESIGN
MEASURE Stage 0 – Gibbons Cr3



Keys

to 

climate

resiliency:

Space & scale

Partnerships & people

Redundancy & … redundancy



Questions?



Sponsors & partners



Reference slides



Existing conditions
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Refuge size

Photo: Hunter White, ESA

Private Ranch 
(east levee)



DESIGN
MEASURE 

Maximal connectivity / complexity3



Early disturbance conditions



1948 (pre-dam flood peak)



DESIGN
MEASURE Stage 0 - analysis3



Impairments

Source: LCEP
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