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Presenter
Presentation Notes
Today I’ll be describing a case study in the upper Grande Ronde River basin in Northeast Oregon evaluating the potential for stream and riparian restoration to mitigate climate change impacts to salmon populations. This project was funded by Bonneville Power Administration through the Columbia Basin Fish Accords agreement. I’d like to acknowledge my coauthors who contributed to this work including Seth White, David Graves, Lauren Burns, Ben Staton, Matt Kaylor and Dale McCullough as well as the numerous field technicians who helped with data collection over the years.



• Fish habitat in the upper Grande Ronde basin has been 
heavily degraded by land use including timber harvest, 
agriculture, mining, grazing, and beaver trapping.

• Spring Chinook Salmon and steelhead populations were 
listed as “Threatened” under the Endangered Species Act 
in 1992 and 1997, respectively. Other important species 
such as Pacific Lamprey and freshwater mussels have 
also been severely impacted by land use.

• Habitat limiting factors for salmon recovery include: 
1) Elevated summer water temperature,
2) Diminished summer streamflow,
3) Reduced channel complexity and structure,
4) Reduced floodplain connectivity,
5) Degraded riparian conditions, and
6) Excess fine sediment.

Current Habitat Conditions

Upper Grande Ronde River,
Vey Meadows

Catherine Creek, 
Grande Ronde Valley
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The Grande Ronde River basin is located in the northeast corner of Oregon in the Pacific Northwest region of the United States. Our work has focused primarily on three sub-watersheds in the upper part of the basin including the upper Grande Ronde, Catherine Creek, and Minam River.Of the habitat factors limiting recovery of salmon in the basin, water temperature is arguably the most severely impacted.



Heat Source Water Temperature Model

• LiDAR data for 
500-m stream 
buffer in 2009.

• FLIR data for 364 
river km in 2010.

LiDAR Data

FLIR Data
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To better understand the current and future impacts of water temperature on local fish populations, we contracted with Quantum Spatial in 2010 to develop a Heat Source water temperature model for the Chinook-bearing portions of the upper Grande Ronde and Catherine Creek. As part of this project, we collected both LiDAR and FLIR data. The yellow lines on the map show the LiDAR coverage area from 2009 , which included a 500 m buffer surrounding the active channel. LiDAR data provides accurate measurements of land surface elevation and vegetation height at a 1 m² resolution. The red lines on the map show the FLIR coverage area from 2010. FLIR provides a spatially continuous snapshot of the water surface temperature. In addition, we deployed water temperature loggers throughout the network to measure hourly water temperatures during summer.



Heat Source Model
Calibrated for July 10 – September 20, 2010
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Mean Error = -0.12
Abs Mean Error = 0.30
RMSE = 0.42

Image from Boyd and Kasper (2003)
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Heat Source is a deterministic, mathematical model that utilizes information about channel geometry, riparian vegetation, stream temperature, discharge, and climatic conditions to simulate hourly water temperature at 100-meter increments along the stream. The model was calibrated using 2010 water temperature and streamflow measurements for the Summer period of July 10 – September 20. The figure on the bottom right shows simulated temperatures from the model in red and measured temperatures in blue in the mainstem Grande Ronde River starting at the headwaters on the left and moving downstream to the Catherine Creek confluence on the right. Model accuracy was very good with a RMSE of +/- 0.42 °C. 



Riparian Mapping
Plant Association Groups (PAGs)

Meadow Creek

Open Tall Willow

Open Lodgepole Pine Forest

Forb Meadow

Riparian classification based on:
1) Physiography (lowland, upland, riverine),
2) Geomorphology (bedrock, alluvial fan, terrace, etc.)
3) Soils,
4) Vegetation, and
5) Disturbance

Wells et al. (2015)
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To simulate restoration of riparian vegetation, we needed to know the potential vegetation height and canopy cover under natural historic conditions (i.e., prior to significant human disturbance). To do this, we contracted with riparian ecologists to map current and potential vegetation types within the riparian zone. The riparian area was classified into distinct plant association groups based on similarities in Physiography, Geomorphology, Soils, Vegetation, and Disturbance. This map shows an example of the Plant Association Groups that were mapped in Meadow Creek, a tributary to the Grande Ronde. Each color on the map represents a unique class such as open lodgepole pine forest, open tall willow, and forb meadow. For each plant association group, we used published vegetation plot data and forestry literature to estimate potential tree cover and height to use as inputs to the Heat Source model.



Climate Change Scenarios

• Climate change projections from University of 
Washington’s Climate Impacts Group for 2040s (2030-
2059) and 2080s (2070-2099).

• Summer air temperature increase (2080s): + 4.7 °C 

• Summer streamflow decrease (2080s): - 20 %
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We used climate projections from the University of Washington’s Climate Impacts Group as inputs to the Heat Source model to predict how water temperatures would change in response to future changes in air temperature and streamflow for the 2040s (2030-2059) and 2080s (2070-2099) time periods. We used a composite model consisting of an average of the ten best global climate models from the A1B gas emissions scenario, a middle of the road climate scenario. Summer air temperature for the 2080s time period in our study area was projected to increase by approximately 4.7 °C and discharge was projected to decrease by approximately 20%.



Results: Water Temperature Predictions

Current 
Conditions (2010)

Restored 
Vegetation (PNV)

Median Temperature Reduction:
Upper Grande Ronde:  -5.5 °C
Catherine Creek: -2.4 °C

From Justice et al. (2017) Journal of Environmental Management
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Here some results from the Heat Source temperature model. These maps show the predicted maximum weekly maximum water temperature under current conditions compared with restored vegetation. Areas in red indicate water temperatures that are very stressful or lethal to salmonids and blue indicates areas with cooler temperatures. Restoring riparian vegetation was predicted to substantially reduce water temperature across most of the basin, although there are portions of the lower Grande Ronde main stem and lower elevation tributaries that would continue to have stressful temperatures even with restoration.



Water Temperature Predictions
Climate Change

Median temperature change:
(Climate + Veg + Width) = -2 °C

2080s
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This figure shows simulated water temperatures in the Grande Ronde main stem for some of the climate change and restoration scenarios. The black line shows the current water temperature profile. The red line shows the expected temperatures for the 2080s climate change scenario. The green line shows the expected temperatures for the 2080s climate scenario combined with restored vegetation, and the purple line shows the 2080s climate scenario combined with restored vegetation and reduced channel width. These results indicate that, in the absence of restoration, climate change could increase water temperatures above the lethal limit for salmonids (i.e., > 25 °C) across most of the stream network. However, aggressive restoration actions (including both vegetation and channel restoration) could potentially reduce water temperatures by an average of 2 °C below the current baseline even in the face of climate change.



Fish Abundance

% Change from 
current abundance

From Justice et al. (2017) Journal of Environmental Management

Photo from CTUIR
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To predict how salmon abundance would change under various climate and restoration scenarios, we developed a statistical model relating water temperature and other factors to juvenile salmon abundance using local snorkel and habitat survey data. The figure on the right shows the predicted abundance of Chinook Salmon parr in the Upper Grande Ronde basin for several of the model scenarios. For example, the bar on the far left shows an estimated abundance of around 45,000 summer parr under current conditions. If riparian vegetation was fully restored, we would predict an increase of about 377%.  A combination of both vegetation and channel restoration was predicted to increase juvenile abundance by over 500%. Climate change was predicted to reduce abundance by over 50% if restoration actions were not implemented. However, basin-wide riparian and channel restoration was predicted to increase abundance by over 100% even in the face of climate change. 



Pre-spawn Survival

Model covariates:
• Water temperature
• Origin (hatchery or wild)
• Streamflow
• Spawner density
• Pool frequency

+ 20% + 24%

- 20%

+ 6%
+ 13%

+ 3% + 4%
- 4% +1% +2%

Survival difference 
from current mean

Presenter
Presentation Notes
We recently completed an analysis of pre-spawn survival in six spring Chinook populations in the Grande Ronde basin using carcass recovery data from the Oregon Department of Fish and Wildlife collected between 1993 and 2015. We developed a statistical model relating reach-scale pre-spawn survival estimates to environmental and biotic covariates including water temperature, proportion hatchery origin, summer streamflow, spawner density, and pool frequency, among others. Water temperature had a strong and statistically significant negative effect on pre-spawn survival. We then applied the same climate and restoration scenarios described previously to this model to evaluate how future climate and restoration actions might influence pre-spawn survival. Overall, pre-spawn survival was much higher in Catherine Creek compared with the upper Grande Ronde and was little affected by the model scenarios due to its higher summer base flows and cooler water temperatures. In the upper Grande Ronde, riparian restoration was predicted to increase mean pre-spawn survival by 20%, while climate change was projected to decrease survival by 20%. A combination of both riparian and channel restoration was predicted to increase pre-spawn survival by 13% despite the warming effects of climate change.



May 8, 2017 @ approx. 750 cfs.

Restoration Metrics
• Increased floodplain connectivity 

(64 acres)
• 21% increase in main channel 

length
• 18 main channel large pools
• 142 main channel large 

wood/habitat structures
• 374 floodplain and side channel 

roughness/habitat structures
• 22,000 trees and shrubs planted

Southern Cross ‘Saaxsaaxinma’ Floodplain 
Restoration Project, Catherine Creek

Confederated Tribes of the 
Umatilla Indian Reservation
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The Southern Cross floodplain restoration project in Catherine Creek is a great example of restoration work that is successfully improving climate resilience as well as habitat complexity for salmon and other species. This collaborative project led by the Confederated Tribes of the Umatilla Indian Reservation vastly increased accessible floodplain habitat by 64 acres along a 1 mile stretch of Catherine Creek. Additionally, the project increased mainstem channel length by 21%, added 18 large pools, added hundreds of main and side channel wood structures, and planted 22,000 native trees and shrubs. While it’s too early to assess the effects of the riparian plantings, the floodplain and side channel construction has already shown impressive reductions in summer water temperature at selected locations. The graph on the right shows the main channel temperature in red and several off-channel habitat locations including alcoves and floodplain swales in blue. Peak summer temperatures in off-channel habitats were decreased by approximately 5 °C compared with the main channel and generally fell below the stressful threshold for rearing salmonids of 18 °C, while winter incubation temperatures were increased in off-channel habitats by about the same amount.



Conclusions

• Basin-wide restoration actions targeting both riparian 
vegetation and channel morphology could significantly 
increase juvenile salmon abundance and adult pre-
spawn survival above current baseline levels in the 
Upper Grande Ronde and to a lesser extent, in 
Catherine Creek, even in the face of climate change.

• Additional thermal benefits could likely be achieved by 
restoring floodplain connectivity and improving hyporheic 
exchange, which are primary targets for current 
restoration actions.

• However, a holistic approach which addresses survival 
impairments at all stages of the salmon life cycle will 
likely be required to achieve recovery goals.
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