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Climate Change: Effective Restoration for a Warming 
World

A Conference Session at the 34th Annual Salmonid Restoration Conference held 
in Fortuna, CA from April 6-9, 2016.
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Session Overview

 Session Coordinator:

 Joshua Strange, Stillwater 
Sciences

Accelerating climate change is 
consistently outpacing modeled 
predictions, the scale and speed of which 
effects all aspects of salmon conservation 
and restoration. Successfully accounting 
for climate change in restoration planning 
and implementation requires, in part, 1) 
accurately anticipating climatic changes 
resulting impacts at sufficient resolution; 
and, 2) having effective compensating and 
mitigating tactics and techniques. The 
degree to which restoration practitioners 
can understand and incorporate such 
information will have a strong influence on 
the long term performance of projects and 
the productivity of salmon populations. 
This session will inform practitioners on 
up-to-date anticipated impacts of climate 
change and provide examples of effective 
tactics through analysis or 
implementation.
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Presentations
(Slide 4) When It Rains It Pours, But Not Very Often; Implications for Climate Change 
Considerations for Southern California Steelhead Restoration
Stacie Fejtek Smith, NOAA Restoration Center

(Slide 44) Spatial and Temporal Variability in Baseflow Magnitude and Dry Stream 
Channels in the Mattole River Headwaters: Implications for Salmonids and Restoration
Nathan Queener, Mattole Salmon Group

(Slide 74) Availability of Thermal Stratification and Refugia in the Middle San Joaquin 
River System
Nathaniel L. Butler, Ph.D., University of California, Berkeley

(Slide 121) Use of GIS Technology to Prioritize the Restoration and Protection of Anchor 
Habitat Riparian Areas in the Rogue River Basin
Eugene Wier, The Freshwater Trust

(Slide 142) Thinking Like Planet Water for Rehydrative Resilience in a Time of Global 
Weirding
Brock Dolman, Occidental Arts and Ecology Center WATER Institute

(Slide 217) Survive, Thrive, or Die? Adapting California’s Water Infrastructure to Help 
Salmon in the Face of Extreme Climate Change
Joshua Strange, Ph.D., Stillwater Sciences 



When it Rains it Pours, But Not Very Often; 
Implications for Climate Change 

Considerations for Southern California 
Steelhead Restoration

Stacie Fejtek Smith 

NOAA: Bob Pagliuco , Mark Capelli,  
UCLA: Rich Ambrose, Glen MacDonald, Dave Jacobs, Mark Gold  

April 9, 2016    
4



Southern California is 
Already Very Different…

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center

Northern CA –
Smith River 

South-Central –
San Carpoforo Creek 

Southern CA - Sespe Creek

More Changes to Come 
with Climate Change

Photos by M. Capelli
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Steelhead –
Adapted Like No 

Other

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center

Photo by: M. Capelli
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Climate change impacts to steelhead

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center

Increased Stream Temp

Altered 
• Stream Flow, 
• Scour Rate Intensity
• Forest Cover
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Small Dam Removal Study

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center

Small dam removal study site

All Dams Removed Sept – Dec 2014

Is there negative impacts of removing 
small dams under persistent drought conditions?
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NOAA RESTORATION CENTER

Lion Creek Fish Passage Project, 
Ventura River Watershed  

COMMUNITY-BASED RESTORATION PROGRAM

Before

During

After

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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Creative Ways to Monitor Restoration

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center

NOAA/CCC Veteran Corps
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Vet CorpsTrainings

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 8

• Dive training
• Spawner surveys
• Downstream Migrant Trapping 
• Habitat Survey Training
• PIT Tagging and Recovery 
• FRGP grant writing seminar
• Excel and Access Database Entry
• Minnow trapping
• Seining 
• Collection of tissues, scales and otoliths
• LWD assessment
• Excel and Access database
• Chainsaw Safety Training
• Leave no Trace Training

• Whitewater Safety and Snorkeling 
Techniques 

• Instream Flow Monitoring 
• Radio and Vehicle Usage 
• Adult and Juvenile Identification
• Fish passage/refugia assessments
• Fisheries habitat assessments
• Fish Passage Inventory
• Instream flow and temperature 

monitoring
• Flood Fighting Techniques
• Pesticide/Herbicide Training
• Adult Trapping Training 
• Firefighting Training
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U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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Discharge in Sespe Since Dam Removal

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Restoration Center
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Long Profile for Lion Creek-
Pre and Post Dam Removal

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center

Top of Dam
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Cross-section 2 – Downstream of Dam Removal

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center

<2-6.4mm 
Bjorn & Reiser 1991 10-140mm ideal steelhead spawning –NMFS 2012

Pre Removal                Post Removal
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Environmental Science and Engineering, D. Env.
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Wetland to Stream
BMP Development

• Compiled a list of wetlands managers and agencies with range of 
expertise 

• A 10 question interview: Planning, Construction, Management  

• Responses used to create a list of recommendations and BMPs 

Planning Construction                                 Management
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Adaptive 
Management

10%
Best 

Available 
Science

1%Budget/Funding
7%

CEQA/NEPA
2%

Climate Change
17%

Design
12%

Evalutating 
Success

Legal
2%

Planting
4%

Preliminary 
Studies

2%

Process 
Organization

16%

Public Access
1%

Regional vs Local
1%

Sediment Issues
2%

Stakeholders
13%

Water Quality
1%

Work Stoppage
3%

349 Recommendations 17 Themes of Restoration Issues

Goal of Today’s Survey:

Compare restoration practices across wetland and 
stream systems to create BMPs for species that 

utilize multiple ecosystem (like southern steelhead) 
and

better understand coastal restoration
issues as a whole.
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Survey Logistics
• Survey results will be anonymous 
• Contact information will only be viewed by Stacie and used to 

further develop BMPs
• Organizations will be acknowledged
• Please indicate the type of organization you are affiliated with 

(private, non-profit, government) 
• If you would like to fill out the survey online you can be 100% 

anonymous - https://www.surveymonkey.com/r/StreamBMP
• Disclaimer: While the authors appreciate the support and advice from the 

participants, the primary authors are solely responsible for the content. This document 
does not necessarily reflect the official position of the agencies and project partners. Any 
errors should be attributed to the primary authors.

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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1. What southern California stream restoration projects 
have you worked on that benefit southern steelhead?

If numerous please give an approximate number of 
projects highlighting a few examples which you were 

involved throughout the restoration process. 

Have you worked on projects with steelhead benefits in 
wetlands?

If you have not worked in southern California, but have 
worked on other salmonid species restorations projects 

please identify target species and general regional 
(Northern, Central, South-Central, Central Valley) context of 

projects.
U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center

21



Planning

2. How much consideration was placed on 
historical, current, and future conditions in 

development of restoration goals?

Santa Clara River Estuary –
Grossinger et al 2011

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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Planning

3.  What technical, physical, and societal 
factors slowed or enhanced the planning 

process?

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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Planning

4. What recommendations would aid in the 
planning process and minimize 

conflict/frustration/failure for restoration 
projects?

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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Planning

5. Have you worked on projects that have 
utilized an adaptive management plan? 

Was the adaptive management plan 
developed as part of the planning process? 

If so how was it developed? 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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Planning

6.  How was climate change considered in 
prior restoration projects?

What climate change considerations should 
be taken for future projects?

What do you believe are the current gaps in 
knowledge for coastal stream restoration? 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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Construction

7.  What factors (hydrological, biological, 
and or engineering) have enhanced or 
slowed the restoration construction 

process?

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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Construction

8. What recommendations would aid in the 
restoration/construction process for future 
restorations in general and also in the light 

of climate change?

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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Post Construction Restoration Management

9. What were some of the anticipated 
maintenance requirements projects you 
have worked on have faced? 

Did actual maintenance requirements match 
the expected maintenance requirements? 

What were the unanticipated maintenance 
requirements? 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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Post Construction Restoration Management

10. Will climate change alter the way projects 
are managed in the future? 

How can climate change be incorporated 
into post construction management? 

Increased Stream Temp

Altered... 
Stream Flow, Scour Rate Intensity& Forest Cover

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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THANK YOU!!!!
Contact/Questions/Submitting Surveys

Stacie Fejtek Smith, Marine Habitat Resource Specialist
Earth Resources Technology/NOAA Restoration Center

Office: (562) 980-3265

Cell: (805) 570-5166

Email: stacie.smith@noaa.gov

Mailing Address: National Marine Fisheries Service
501 W. Ocean Blvd, Suite 4470
Long Beach, CA 90802

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 29
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U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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Cross Section 1 – Upstream of Dam Removal

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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Cross-section 2 – Downstream of Dam Removal

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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NMFS Technical Recovery Team
Recommendations 

• Identify and commit to a core set of populations in five 
biogeographic regions on which to focus recovery 
efforts. 

• Secure the extant parts of the large inland 
populations.

• Identify and maintain sustainable refugia against 
severe droughts and heat waves.

• Protect and restore habitats to support all life-history 
forms

• Secure and improve estuarine/lagoon habitat
35
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Steelhead Recovery Plan 
Recommendations –

for Steelhead and Climate Change

High Priority Recovery Actions : 
Fish Passage, Flow Management, Estuary Restoration

Recovery Strategy
• Mimics the Steelhead Evolutionary Strategy
• Anticipates Climate Change

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries
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Southern California’s
Highly Variable Seasonal Environments

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center

Winter

Summer
Winter

Summer

Photos by M. Capelli

40



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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Arroyo Sequit

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center

42



Trabuco Creek 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries |  Restoration Center
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Spatial and 
Temporal 

Variability in 
Baseflow and 

Stream Drying in 
the Mattole River 

Headwaters: 
Implications for 
Salmonids and 

Restoration 

Nathan Queener1,2

Andrew Stubblefield1

Humboldt State University Department of Forestry and Wildland Resources1,
and Mattole Salmon Group244



From Sawaske and Freyberg 2014

In rain-dominated 
watersheds from San 
Francisco Bay north, 
dominant trend is 
declining summer 
flow.
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Where on (or under) the landscape does dry-
season baseflow come from?
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Methods –
Study Area

• Southern 85 sq km 
of Mattole River 
watershed

• Concern about 
flows since early 
2000s

• Primary coho 
spawning and 
rearing in Mattole
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Methods – Data Collection

• Mapped distribution of dry 
and wet channel 2011-2012
– 9 reaches, 300-2000 m long

• Synoptic streamflow
measurements, 2005-2013
– 35 sites with Sanctuary Forest 

data
– Basins 0.17 to 11 sq km
– Span range of dry season 

streamflow and human water 
demand
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Methods – Data Analysis
• Convert discharge to unit-area discharge (Qsp)
• Use USGS gage on Mattole River at Ettersburg as 

index gage
• Calculated Spearman correlation coefficients 

between tributary Qsp at 76%, 85%, and 96% 
exceedence flow at the Ettersburg gage, and GIS-
derived basin characteristics
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Methods – Data Analysis

• 92 basin characteristics describe:
– Aspect
– Channel network
– Weather/climate
– Geology
– Basin morphometry/topography
– Riparian/valley character
– Vegetation
– Human water use
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Paired upstream-downstream sites
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Correlation of Basin Characteristics 
and Low Flow Metrics

• Many of the 92 basin characteristics were 
redundant and strongly correlated

• Only considered correlation significant if 
p<0.01
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Correlation of Basin Characteristics 
and Low Flow Metrics

• Basins with narrower valleys, less riparian 
area, and steeper channels had more summer 
flow.
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Correlation of Basin Characteristics 
and Low Flow Metrics

• Steeper basins with more dissected 
topography and greater drainage density had 
more summer flow.
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Correlation of Basin Characteristics 
and Low Flow Metrics

• Unsurprisingly, basins with greater summer 
precipitation had more summer flow.
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Correlation of Basin Characteristics 
and Low Flow Metrics

• Unsurprisingly, basins with lower maximum 
temperatures had more summer flow.
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• Basins with greater dry-season flow are:
– Steeper with narrower valleys
– More dissected with higher drainage density
– Cooler and receive more precipitation

• Difference in flow much greater 
than difference in precipitation 
and temperature among basins

• Precip/temp differences 
contribute to flow differences, 
but aren’t the primary driver?
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• Q: Do steeper basins store more water?
• A: Yes, if they have deep weathered bedrock 

From 
Rempe
and 
Dietrich 
201463



Example of weathered bedrock in the Mattole River watershed. 
Layer exposed in roadcut is at least 4 m thick.
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Unit-area discharge at all but two tributary sites 
was less than at the Ettersburg gage
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• Observed 
downstream 
declines due to 
topography of 
basins near stream 
mouth?
– Gentler slopes
– Wider valleys

•Is the valley floor a 
groundwater 
gauntlet?
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Implications for Salmon and Steelhead 
Summer Rearing

• Juvenile salmon over-summering in intermittent 
streams is not uncommon

• Small changes in flow can lead to large changes in 
habitat availability 

• Early drying downstream 
leaves fish with few options 
as streamflow decreases

• Lower-gradient streams, 
essential for coho salmon, 
may be most prone to drying
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• Even at very low 
abundance, 
Coho keep 
choosing 
streams with 
low flow and up 
to 95% of 
channel dry in 
late summer
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Management and Restoration Implications
• Extreme variability in summer baseflow can occur 

independent of diversions and consumptive 
water use.  

• Differences in internal plumbing within basins 
likely sets limits on their potential for baseflow 
increases.

• Efforts to reconnect channels with
floodplains for groundwater recharge
might focus on areas with hillslope 
inputs.

• Some streams are more sensitive to 
water diversion than others.
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Thanks to:
•Committee members Dr Andrew Stubllefield, Dr. Andre Lehre and 
Dr. Conor Shea

•Sanctuary Forest, Inc. for access to streamflow data

•Tasha McKee, Sam Flanagan, Brad Job, John Williams, Katrina 
Nystrom, Tony Fair, and Campbell Thompson for discussions that 
helped inform my understanding of Mattole River hydrology
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Flow and Dry 
Channels
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• Flow at upstream 
end of reach best 
predictor of dry 
channel

• Less variability in 
relationship 
between Q  and dry 
channel than Qsp
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Preliminary draft – subject to change 1

Availability of thermal stratification and 
refugia in the middle San Joaquin River system

Nathaniel L. Butler
April 9, 2016

34th Annual Salmonid Restoration Conference
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Overview

• Motivation & Objectives
• Background on Thermal Refugia
• Study Location
• Methodology
• Results – Data
• Results – Analysis 
• Take Home Messages

3
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Motivation

4

photo credit: Alan Sorum, Alaska Chinook Salmon Research Initiative
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Motivation

5

• Water temperature influences 
growth and overall survival for 
Chinook salmon.

• High stream temperature 
creates thermal barriers that 
fragment habitat.

• Cold water habitat or thermal 
refugia is recognized as 
potentially enabling passage 
through warmer reaches of the 
San Joaquin River historically.
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Sullivan et al., 2000; McBain and Trush Inc., 2002; SJRRP FMWG, 2009
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Objectives

6

• Assess water temperature conditions in 
the middle San Joaquin River system

• Determine frequency of thermal 
stratification and if it can provide 
thermal refugia for Chinook

• Identify the main cause(s) of thermal 
refugia
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• Thermal stratification 
is a temperature 
difference in the 
vertical water column

• Thermal refugia is 
the section of the 
pool below salmon 
temperature 
tolerances

Background

80



Background

8

Thermal Stratification
9:00 AM

Flow 
into pool

Flow out 
of pool
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Background

9

Thermal Stratification
12:00 PM

Flow 
into pool

Flow out 
of pool
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Background

10

Thermal Stratification
3:00 PM

Flow 
into pool

Flow out 
of pool

Thermal 
Refugia
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Background

11

Thermal Stratification
6:00 PM

Flow 
into pool

Flow out 
of pool

Thermal 
Refugia
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Background

12

Thermal Stratification
9:00 PM

Flow 
into pool

Flow out 
of pool

Thermal 
Refugia
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Background

13

Thermal Stratification
12:00 AM

Flow 
into pool

Flow out 
of pool
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Background

14

Thermal Stratification
3:00 AM

Flow 
into pool

Flow out 
of pool
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15
Preliminary draft – subject to change

Fall Instrumentation Sites

Study Location

88



Study Location

16

Sacramento

Friant Dam
San Francisco

Fortuna
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Study Location

17
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Preliminary draft – subject to change

Fall Instrumentation Sites

Methodology
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Methodology

19

Pools instrumented with sensor arrays that measured
- Water temperature

- In the pool
- In the ground below the pool

- Pressure (water depth)

Sensors recorded every 15 minutes for 2 weeks

Sensors checked for consistency and data quality

Fall Thermal Refugia Site Study
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Sensor Array Placement

Flow 
into pool

Flow out 
of pool

Sensor 
Array

Methodology
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Methodology
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Methodology
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Methodology
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Methodology
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Preliminary draft – subject to change

Fall Thermal Refugia Results
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Fall Thermal Refugia Results
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Heating
8 AM - 4 PM

Cooling
4 PM - 8 AM

SJR 193.29 SJR 193.29
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Fall Thermal Refugia Results

27
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Fall Thermal Refugia Results

28
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Fall Thermal Refugia Results
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Fall Thermal Refugia Results

30

Qi ~ 0.3 m3/s Qf ~ 1.6 m3/s
Sensor 
Depth
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Fall Thermal Refugia Results

31

Key Data Observations
• Pool stratification develops each day then mixes overnight.

• Degree of stratification varies from day to day.

• Pool stratification can provide thermal refugia.

• Not all pools stratify.

• Subsurface temperature is variable, but is frequently 
warmer than the pool surface water temperature.

• Surface flow influences presence of thermal stratification.
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Preliminary draft – subject to change

Thermal Refugia Analysis
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Thermal Refugia Analysis

33

T1

T2

T3

d1

d2

d3

Calculate the total pool heat using pool water 
temperature and bathymetry data.
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Thermal Refugia Analysis

34

Volume of thermal refugia 
correlates with the daily total 
pool heat.
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Thermal Refugia Analysis

35
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Thermal Refugia Analysis

36
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Thermal Refugia Analysis

37
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When Tair >15°C, the 
volume of thermal refuge 
below 20°C decreases.

SJR 193.29
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Thermal Refugia Analysis

38
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Thermal stratification created thermal refugia in pools in the 
Eastside Bypass, Reach 4B2, and Reach 5.

Air temperature was a dominant influence on water 
temperature in this section of the San Joaquin River. 

Volume of thermal refugia below temperature thresholds 
can be estimated from 4-day average air temperature.

Availability of thermal refugia is also dependent on pool 
mixing conditions with increased flow observed to collapse 
thermal stratification in one pool.

Fall Thermal Refugia Results

Take home messages
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Questions?
Full report

http://www.restoresjr.net/download/data-reporting/data-
reporting-2013/SJRRP-Thermal-Refugia-Report-FINAL.pdf

or

http://tinyurl.com/pwkrye7

Contact
Nathaniel L. Butler

BUTLER.NATHANIEL.L@gmail.com
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Questions?
Full report

http://restoresjr.net/flows/data-reporting/2013/SJRRP-
Thermal-Refugia-Report-FINAL.pdf

(http://tinyurl.com/oco2hqj)

Contact
Nathaniel L. Butler

butler@berkeley.edu
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Fall Thermal Refugia Results

42
Preliminary draft – subject to change

Htotal =  total pool heat  [Joules]
ρw =  density of water [kg/m3]
Cp =  heat capacity of water [Joules/kg °C]
Tw = water temperature [°C]

Asurface =  surface area of pool [m2]
d       =  depth of pool [m]

Calculate the total pool heat using pool water 
temperature and bathymetry data
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Fall Thermal Refugia Results

43
Preliminary draft – subject to change

Htotal =  total pool heat  [Joules]
ρw =  density of water [kg/m3]
Cp =  heat capacity of water [Joules/kg °C]
Tw = water temperature [°C]

Asurface =  surface area of pool [m2]
d       =  depth of pool [m]

Calculate the total pool heat using pool water 
temperature and bathymetry data
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Fall Thermal Refugia Results

44
Preliminary draft – subject to change

Htotal =  total pool heat  [Joules]
ρw =  density of water [kg/m3]
Cp =  heat capacity of water [Joules/kg °C]
Tw = water temperature [°C]

Asurface =  surface area of pool [m2]
d       =  depth of pool [m]

Calculate the total pool heat using pool water 
temperature and bathymetry data
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Fall Thermal Refugia Results

45
Preliminary draft – subject to change

T1

T2

T3

d1

d2

d3

Calculate the total pool heat using pool water 
temperature and bathymetry data

118



Fall Thermal Refugia Results

46
Preliminary draft – subject to change
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Fall Thermal Refugia

47
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Eugene Wier
Restoration Project Manager 

Rogue-Klamath Lead
The Freshwater Trust

eugene@thefreshwatertrust.org

Use of GIS Technology to Prioritize the 
Restoration and Protection of Anchor 

Habitat Riparian Areas in the Rogue River 
Basin.

Salmonid Restoration Conference 2016
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Riparian
Extent
Status
Tool

What it is
What it can do
How it can help

Thanks to a broad collaborative of support:
• Oregon Watershed Enhancement Board
• Oregon Department of Environmental Quality
• Rogue Valley Council of Governments
• Oregon Department of Fish and Wildlife
• Oregon State University Extension
• Rogue River Watershed Council
• United States Forest Service
• Bureau of Land Management
• Bonneville Environmental Foundation
• Rogue Basin Partnership
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REST
Background

Rogue Basin Technical Assistance Grant for Riparian Site Prioritization:

Compliance / mitigation
Prioritization mapping tools

Federal Agencies (BLM, USFS), ODFW, 
ODEQ, TFT, OSU, Land Trust, BEF
Multiple Conservation Partners

Local expertise / Basin goals

“Action  
Plan”

Basin wide priorities 
for all aspects of the 

Rogue and tribs

REST

GIS based ecological 
assessment / 
prioritization

Field 
Surveys

TMDLs?
DMA’s?

Agencies?
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REST
Objective

“Traditional Approach”: scatter shot, opportunistic
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REST
Objective

Prioritized Approach: coordinated, targeted
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REST
Definitions

Use of LIDaR for Disturbance scoring:

16ft

Field surveys “gut checked” REST scores 
(about 50 sites)

LIDaR
profile

f(riparian forest ≥ 40% cover*
of ≥ 16 ft vegetaƟon height†)

*NLCD2011 – National Land Cover Database (“forest” definition)
†USDA‐NRCS National Plants Database (“tree” definition)
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REST
Definitions
(Restorability)

Less obvious (Geomorphology):

Steep inhospitable banks

Pronounced stream gradient.                                              
Usually associated with unplantable bedrock.

Bank detrending or “Bathtub” model

Rosgen scoring
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REST
Definitions

Restorability = f(bank elevation, stream gradient, urban overlay)

More obvious (urban encroachment):

Urban layers 
obtained from 
County planning 
departments.
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REST
Basis

Riparian Assessment Unit (RAU):

25 m centerlines
75 ft buffer on 
mainstem
50 ft buffer on 
tributaries
Focus on area of 
implementation.

Thiessen Polygons for apple-to-apple comparison

Deeper, early 
generation 

polygons based on 
more desireable

conditions
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REST
Coverage

LIDaR availability in the Rogue Basin:

~60,000 acres

Mainstem Rogue,      
Bear Creek,   
Little Butte Creek, 
Big Butte Creek, 
Applegate River, 
Elk Creek, Evans 
Creek (2017).
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REST
Example
Mainstem Rogue
Between Bear 
Creek and Gold Hill
Old Gold Ray Dam 
site
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Restorability Score = 0.33*%Grade +0.33*med flood elevation + 0.33*%built enviro
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Composite = Disturbance score + Restorability Score
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REST
Overview

REST for Riparian Site Prioritization:

REST

Basin Goals

Restorability

Disturbance

Local 
Expertise

Aligning 
riparian 

restoration 
projects with 
basin goals
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REST
Questions
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"It is not the strongest 
of the species that survives, 

nor the most intelligent, 
but the one 

most responsive to change" 
Charles Darwin (1809-1882)
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"We are in an extinction vortex. The species is collapsing.”  Charlotte Ambrose  NMFS 2010
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“The health of our waters is 
the principal measure of 

how we live 
on the land"

Luna Leopold
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Evidence linking Arctic amplification to extreme weather in mid‐latitudes
Jennifer A. Francis and Stephen J. Vavrus 2012
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Heat Energy Absorbed (Cooling)

Heat Energy Released (Warming) 
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California 
Decentralized Water 
Policy Council

California Decentralized 
Water Policy Council
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The California Agricultural Water Stewardship Initiative

On-farm ponds
Keyline design
Water recycling
Soil management
Dry farming
Irrigation scheduling 

& efficiency
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Beaver dams provide many benefits
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r
BEAVER DAMS COULD REDUCE IMPACT 

OF CLIMATE CHANGE AND
DIMINISHING SIERRA SNOW PACK
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Joshua Strange, Ph.D.
Stillwater Sciences

Survive, Thrive, or Die? 
Adapting Water Infrastructure to Help Salmon 

in the Face of Extreme Climate Change

34th Annual Salmonid Restoration Federation Conference
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Photo: Jamie Holt
218



1) Accurately anticipating 
climatic change 
impacts; 

2) Having effective 
compensating and 
mitigating tactics and 
techniques; and,

3) Functional political 
process that produces 
policies to implement 
such tactics and 
techniques within 
window of biologic and 
economic opportunity.
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1) Accurately anticipating 
climatic change 
impacts; 
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IPCC (2007)
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Geological context

Positive feedback mechanisms accelerate change

Examples:

• Ice-albedo feedback

• Carbonate dissolution-ocean acidification
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Geological context

Negative feedback mechanisms limit change

1° Example:

• Calc-silicate feedback cycle
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Solomon (2009)

Post-hydrocarbon 
decay of CO2 and 
temperatures will 

be slow
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Photo: Jamie Holt
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1) Accurately anticipating 
climatic change 
impacts; 

2) Having effective 
compensating and 
mitigating tactics and 
techniques; and,
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Premises
1. Inadequate management and 
system rules can render optimal 
infrastructure ineffective

2. Inadequate infrastructure can 
render optimal management and 
system rules ineffective
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Resiliency factors in a warming world: 

1. Groundwater

2. Snow melt

3. High elevation reaches

4. Life-history diversity (minimal rearing)

5. Migration

6. Rich food resources
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Photo: Thomas Dunklin
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