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Background
Mainstem Willamette River studies 

• Bathymetric lidar & sonar
• Hydraulic models
• Habitat modeling literature review
• Chinook habitat use assessment 
• Chinook/steelhead habitat models
• Temperature models
• Movement/growth/survival models
• Smallmouth bass models





Basis of hydraulic modeling: topobathymetric lidar collected July, 2021, 
funded by USGS 3D Elevation Program

Hydraulic Modeling

Average point density ~ 9/m2 in depths < 3m 

White et al., 2023



Hydraulic Model

Lidar

Example of outputs calibration graph

Preliminary data, do not cite

Hydraulic modeling 
results at low flow 
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Juvenile Habitat Modeling



Water Year 2023 flows at Vida (14162500)

Highest modeled flows

Lowest modeled flows

Juvenile Habitat Modeling



Preliminary data, do not cite

Calibration of water 
surface elevations 
from lidar

n = 19,046 points

Calibration of water 
velocity, collected 
via handheld ADV

Juvenile Habitat Modeling



Figures from Hansen and others, 2023
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Juvenile Habitat Modeling
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Preliminary data, do not cite
Hansen et al., 2023
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Preliminary data, do not cite

Juvenile Habitat Modeling
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Juvenile Habitat Modeling
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Juvenile Habitat Modeling

Figure from White and others, 2022



Spawning Habitat Modeling

No robust in-basin data for spawning habitat
• Useful historical data from ODFW/USACE

WFRC conducting literature review to develop spawning 
metrics

Preliminary data, do not cite
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Spawning Habitat Modeling
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Preliminary data, do not cite

Initial criteria used to define suitable habitat:



Vazquez-Tarrio, 2017; Chardon, 2020

Developing grain-size datasets

B

Roughness 
height example 

“B”

Roughness 
height example 

“A”

Water surface
A

“Geomorphic roughness” = 
vertical difference between 

interpolated horizontal plane 
and local points



Linking grainsize to roughness

Preliminary data, do not cite



Preliminary data, do not cite

R2 = 0.73
RMSE = 18 mm

PBIAS = 12%

Each point represents median grain size 
from 100 measurements in a patch

Over 2200 measurements in North 
Santiam River

North Santiam River

Linking grainsize to roughness



Identifying suitable spawning gravel

2019 redds

2018 redds

2016 redds

Preliminary data, do not cite

Quick note on spawning data....

• Location of GPS point not 
always taken directly over 
redd

• Not using survey-grade GPS

• Potential for geomorphic 
change between redd survey 
and lidar/pebble counts



Preliminary data, do not cite

Spawning Habitat Modeling

Metric Wide range Narrow range
Depth 0.1-Inf m 0.2-0.8 m
Velocity 0.05-1.8 m/s 0.3-1.3 m/s
Substrate 1.3-11.2 cm 1.7-5.9 cm

Grainsize

Depth

Velocity



“Narrow” Sediment 
model (17mm – 59mm)

“Broad” Sediment model
(13mm – 112mm)

2019 redds

2018 redds

2016 redds

Sediment 
Suitability 

Model

Preliminary data, do not cite



Preliminary data, do not cite

“Narrow” 
spawning model

“Broad” 
spawning model

2019 redds

2018 redds

2016 redds

Full Spawning 
Suitability 

Model



Spawning habitat availability during typical September flows

Preliminary data, do not cite



Dewatering tool
• Preliminary, proof of concept web app

• Shows inundated extent and spawning habitat 
at a range of typical spawning flows

• User can select two different flows and view 
the change in wetted area and spawning 
habitat between flows

Preliminary data, do not cite



Summary

Juvenile habitat
• Fry and parr models show fairly different habitat use between life stages

• Parr slightly more sensitive to changes in streamflow
• Juvenile habitat in McKenzie and N. Santiam Rivers generally less sensitive to changes in 

streamflow compared to the mainstem Willamette River

Spawning
• Method to simulate sediment and spawning habitat appears to capture observed conditions 

reasonably well
• Suitable sediment is most limiting factor to available spawning habitat
• Spawning habitat generally not sensitive to changes in streamflow

• No “optimal” streamflow, but interannual changes in streamflow likely still important to redd 
dewatering 

• Tool will provide real time information for flow managers



Questions

jameswhite@usgs.gov 

McKenzie bathymetry : 
White, J.S., Overstreet, B.T., and Bartelt, K.M., 2023, Digital elevation model and single beam sonar data from the McKenzie River, Oregon, 2021: U.S. Geological Survey data release, 

https://doi.org/10.5066/P9QS5V0C.

Willamette models/bathymetry:

White, J.S., 2022, Two-dimensional HEC-RAS models and topo-bathymetric datasets for the Willamette River, Oregon: U.S. Geological Survey data release, https://doi.org/10.5066/P9NB0KUT. 

White, J.S., Gordon, G.W., and Overstreet, B.T., 2019, Single-beam Echosounder Bathymetry of the Willamette River, Oregon 2015-2018: U.S. Geological Survey data release, 
https://doi.org/10.5066/P92TTY4R .

Reports
Habitat Use:
Hansen, G.S., Perry, R.W., Kock, T.J., White, J.S., Haner, P.V., Plumb, J.M., and Wallick, J.R., 2023, Assessment of habitat use by juvenile Chinook salmon (Oncorhynchus tshawytscha) in the Willamette 

River Basin, 2020–21: U.S. Geological Survey Open-File Report 2023–1001, 20 p., https://doi.org/10.3133/ofr20231001.

Habitat Models:

White, J.S., Peterson, J.T., Stratton Garvin, L.E., Kock, T.J., and Wallick, J.R., 2022, Assessment of habitat availability for juvenile Chinook salmon (Oncorhynchus tshawytscha) and steelhead (O. mykiss) in 

the Willamette River, Oregon: U.S. Geological Survey Scientific Investigations Report 2022–5034, 44 p., https://doi.org/10.3133/sir20225034.

Hydraulic Models:

White, J.S., and Wallick, J.R., 2022, Development of continuous bathymetry and two-dimensional hydraulic models for the Willamette River, Oregon: U.S. Geological Survey Scientific Investigations Report 

2022–5025, 67 p., https://doi.org/10.3133/sir20225025.

Habitat review:

Kock, T.J., Perry, R.W., Hansen, G.S., White, J., Stratton Garvin, L., and Wallick, J.R., 2021, Synthesis of habitat availability and carrying capacity research to support water management decisions and 

enhance conditions for Pacific salmon in the Willamette River, Oregon: U.S. Geological Survey Open-File Report 2021–1114, 24 p., https://doi.org/10.3133/ofr20211114.

Smallmouth models:
White, J. S., Kock, T. J., Penaluna, B. E., Gregory, S., Williams, J., & Wildman, R. (2023). Expansion of smallmouth bass distribution and habitat overlap with juvenile Chinook salmon in the Willamette 
River, Oregon. River Research and Applications, 1–13. https://doi.org/10.1002/rra.4228

Growth, Movement, Survival Models:
Peterson, J. T., Pease, J. E., Whitman, L., White, J., Stratton-Garvin, L.,Rounds, S., & Wallick, R. (2022). Integrated tools for identifying optimal flow regimes and evaluating alternative minimum flows for recovering at-risk 
salmonids in a highly managed system. River Research andApplications,38(2), 293–308. https://doi.org/10.1002/rra.3903 
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Identifying suitable spawning gravel

Preliminary data, do not cite
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