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Climate Change & The Future of 
Isolated Trout Populations:  
 Can the PNW bull trout experience 
 inform CRCT conservation? 

so I did my Ph.D. research under Wayne’s tutelage on stream fishes across the Salt River watershed that 
straddles ID/WY border oh, 15 years ago now, wrote a bunch of papers, thought I was pretty hot shit,  but 
there was one question I was asked by my dissertation committee that day that has always stuck with me, & 
that was by Dirk Miller. “Dirk, do you remember what that was?” It was, “how can managers use any of this 
stuff & ?” you know, we just paid to put you through school & I’m not exactly sure at this point what the 
return on our investment is. & unfortunately I didn’t have a very good answer for him that day but he was 
still kind enough to pass me, which gave me an opportunity to get a job & keep working in the field & to try 
to find an answer to that question that has long haunted me,  
 
& in many ways now, the last several years, in part driven by the concern over climate change, & enhanced 
by the digital revolution, I think things are really starting to come full circle, & in many cases, the models are 
so much better, the databases, so much bigger, and growing rapidly, that there’s a real opportunity for the 
research & management to come together in ways that create precise, accurate inventories of key aquatic 
features at high resoluton across really broad areas such that it addresses a whole host of fundamentally 
important issues, like “what are the spatial patterns in distribution/abundance of species and their habitats 
& how do those vary through time across river networks”, basic questions, that we were working to address 
did 15 years ago, or maybe 30 years ago when Wayne first came to Laramie and started training graduate 
students,  
 
And so we’re building some of those things in the northern Rockies, and the capacity to have them, even 
without nearly as much data & resources are equally great here in the CRCT range, & want to present some 
of that wrapped in a cc story today. And so hopefully by the end of this talk, I can convince Dirk into giving 
me a less gruding passing grade than he did a decade ago. OK, so… 

.pdf of this talk made available on website…& send 
one to Dave Winters, other USFS bios in Rockies… 
 
Good opportunity to pull this stuff together and 
maybe useful…  



General outline: 
1) 21st-Century model predictions for Rocky 

Mountain trout 
 
2) 20th-Century observed patterns in climate & 

trout populations 
 

3) Better spatial data to assist decision making. 
(the BIG DATA approach, the local monitoring 
approach) 
 

4) Key future uncertainties (resolvable & not) 
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Parallel Structure to New Overview Paper… 

1) Models predict large reductions in Rocky Mountain 
trout this century but lack specific details about 
how or where changes will occur 

2) Broad regional trends in stream habitats related to 
climate change are already apparent in the 
historical record (but biological data lacking) 

3) Implications of these trends depends on local 
biophysical conditions and management goals 

4) Monitoring networks & new models can provide 
very accurate local stream climate forecasts to 
inform decision making 

5) We can’t save all populations, so proactive 
prioritizing is necessary to steward native trouts 
through the 21st Century transition.  

Isaak, …Roberts, …Fausch. 2012. 
Fisheries 37: 542-556. 

Five case 
history areas 

Two conservation species 
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Habitat fragmentation? 
 

Fluvial fish? 
 

Spawning period? 
 

Thermal niche? 

Realized Thermal Niches 
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Natural Gradient in 
Habitat Size & 
Fragmentation 



Bioclimate Models for Trout 
Rockies are model central! 

Eaton & Schaller 1996 
Keleher & Rahel 1996 

Rahel et al. 1996 
Mohseni et al. 2003 
Flebbe et al. 2006 
Rieman et al. 2007 

Kennedy et al. 2008 
Williams et al. 2009 



Wenger et al. 2011. PNAS 108:14175-14180 
 

Species-Specific 
Habitat 
Response Curves 

Fish survey database 
~10,000 sites 

Historic Distributions 

Most Recent Trout Climate Assessment 

Future A1B 
Distributions 

GCM 

~50% reduction by 
2080 under A1B 



Mechanisms of Inter-specific Variation in 
Climate Response 

Wenger et al. 2011. CJFAS 68:988-1008. 

Summer air temperature (C) 
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Fish survey 
database 4,165 sites 

No Yes No Yes 



Context Matters: Spatial Variation in 
Habitat Loss 

Low 
Persisten
ce 
Probabilit
y? 

High 
Persisten
ce 
Probabilit
y? 

Rieman et al. 2007. TAFS 136:1552-1565 
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Air temperatures 

Observed Climate Trends (1950 – 2009) 
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a)

Precipitation 



Observed Trends in Runoff Timing 
(1948-2000) 

D
is

ch
ar

g
e

 

Month 

Stewart et al. 2005 

Earlier snowmelt 
 & river runoff 



Runoff Interaction with 
Precipitation Trends 
Affects Summer Flows 
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Wildfires Increasing Westwide 

National Research Council. 2011 

Fires > 10,000 Acres 
on USFS Lands 

1970 1980 1990 2000 2010 

Fires from 2001 - 2007 
on USFS Lands 



Sediment Regimes 
Fire & Disturbance 

Burned & debris flow



Temperature Trends In Northwest Rivers 

Fraser River - Annual 
∆ = 0.18°C/decade ∆ = 0.40°C/decade 

Snake River, ID - Summer 

∆ = 0.33°C/decade ∆ = 0.27°C/decade 

Isaak et al. 2012. Climatic Change 113:499-524. 
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Columbia River - Summer 



Factors Confounding Stream Warming 
= Urbanization + Reservoirs 

Kaushal et al. 2010. Frontiers in Ecology & the Environment 



Are There “Pristine” Sites with Long-term 
Data to Serve as Climate Sentinels? 

USGS NWIS Database (http://waterdata.usgs.gov/nwis) 

Mohseni et al. 2003 

764 USGS gages have some temperature data 

= regulated (11) = unregulated (7) 

~150 = 18 sites w/22+ years  
 from 1980 - 2009 

http://waterdata.usgs.gov/nwis
http://waterdata.usgs.gov/nwis


Seasonal Trends In Northwest Stream 
  Temperatures (1980-2009) 

Isaak et al. 2011. Climatic Change 113:499-524. 
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Isaak et al. 2011. Climatic Change 113:499-524. 
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White = Air trend 
Grey = Stream trend (30/30 
corrected) 

Streams are Tracking Air Temperatures 

Air Temperature Trend 

Stream Temperature Trend 

Streams change at 
~60% air warming rate 



Mean Summer Air Temp Trends (1980 – 2009) 

http://www.climate.washington.edu/trendanalysis/  

Air Trends as Stream Temperature Surrogates? 

OWSC Climate Tool map 

http://www.climate.washington.edu/trendanalysis/


Mean Summer Air Temp Trends (1980 – 2009) 

http://www.climate.washington.edu/trendanalysis/  

Air Trends as Stream Temperature Surrogates? 

OWSC Climate Tool map 

http://cdiac.ornl.gov/epubs/ndp/ushcn/ushcn.html 

http://regclim.coas.oregonstate.edu/ 

http://www.climate.washington.edu/trendanalysis/
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Average distribution shift 
across taxa =  
6.1 km/decade poleward  OR 
6.1 m/decade higher 

Parmesan and Yohe. 2003. 
 Nature 421:37-42. 

How Are Trout Populations Responding? 



Warmer temperatures 
Reduced summer flows 
Fire & debris flows 
Winter flooding 
Non-native invasions 

The Bull Trout Vise 



Warmer temperatures 
Reduced summer flows 
Fire & debris flows 
Winter flooding 
Non-native invasions 

The Bull Trout Vise 

CRCT Vise? 
! 

! 

? 



Lots of Uncertainties… 
 Where should scarce resources be spent? 

Pick 
me! 

Shrinking 
Budgets 

No, pick 
me! 



Modified from Williams et al. 2007 
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20th Century 21st Century 

Population 3 

Population 2 

Population 1 Lost Cause 

Management 
Critical! 

Resilient Population  

Where Can We Make a Difference? 



More Pressure, Fewer Resources 

Shrinking 
Budgets 

Climate Change 
Urbanization & 
Population Growth 

Need to do more 
with less 



Onus? 

Opportunity? 

More 
Collaboration 

Analytical Capacity 
•Remote sensing/GIS 
•Georeferenced,  
    corporate databases 
•Computational capacity 
•Spatial models 

Climate 
Boogeyman 



Geospatial Tools for Accurate 
 Regional Scale Stream Models 
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Drainage 
Area 

Climate, weather, GCM 
data availability 

Elevation 
Distance 

Slope 

Remote Sensing 

Visualization 
Tools  

GIS / 
Computing 

Capacity 

Nationally Consistent Hydrocoverages 
  like USGS NHD+ 

Small 
sensors 



Maps are powerful tools, especially if they’re “smart” 

Accurate Spatial Information 
(a.k.a. “Maps”) Can Reduce Uncertainty 

Still catching up to Lewis & Clarke 200 years later… 



Air Temperatures… 
•Meisner 1988, 1990 
•Eaton & Schaller 1996 
•Keleher & Rahel 1996 
•Rahel et al. 1996 
•Mohseni et al. 2003 
•Flebbe et al. 2006 
•Rieman et al. 2007 
•Kennedy et al. 2008 
•Williams et al. 2009 
•Wenger et al. 2011 
•Almodovar et al. 2011 
•Etc. 

 
 
 

BioClimatic Assessments 
 No stream temperature component 

PRISM Air 
Map 



Air Temp ≠ Stream Temp 

Riparian differences 

Wildfires 

Groundwater 
buffering 

r² = 0.26 
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This is spatial pattern 
of PRISM air vs 
stream 



Dan Isaak, Seth Wenger1, Erin Peterson2, Jay Ver Hoef3 Charlie Luce, 
Steve Hostetler4, Jason Dunham4, Jeff Kershner4, Brett Roper, Dave 
Nagel, Dona Horan, Gwynne Chandler, Sharon Parkes, Sherry Wollrab 
 

 

 

U.S. Forest Service 
1Trout Unlimited 
2CSIRO 
3NOAA 
4USGS 

NorWeST: A Regional Stream 

Temperature Database & Model for High-
Resolution Climate Vulnerability Assessments 

Thank brian 
and Jim 
capurso, great 
opportunity to 
share with you 
of what a big 
group of us 
have been 
working on 
last few years 

Team consists 
of  15 
people…scienti
sts, database 
most important  
& managers 
since it’s all 
your data we’re 
working with 
 
Mention R1 
support, Jason 
support to give 
R6 sense & 
others of $ 



Lots of Temperature Data Out There… 

Stealth Sensor Network 



45,000,000+ hourly records 
45,000+ summers measured 
15,000+ unique stream sites 
 

60+ agencies 
350,000 stream km 

Stealth Sensor 
 Network 



Regional Temperature Model 

Cross-jurisdictional “maps” 
of stream temperatures 

Accurate temperature 
 models 

Consistent datum for 
strategic assessments 
across 350,000 stream 
kilometers 

55 National Forests 

+ 
Training on left                        2007 validation on right
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Spatial Statistical Stream Models 

Advantages: 
•Flexible & valid covariance structures that 
accommodate network topology & autocorrelation 
 

•Much improved predictive ability & parameter 
estimates relative to non-spatial models 

Valid means of interpolation between 
 sample locations on networks…finally! 

Ver Hoef et al. 2006; Peterson & Ver Hoef 2010; Ver Hoef & Peterson 2010 



Example: Salmon River Basin 
 Data extracted from NorWeST 

•4,414 August means 
•1,737 stream sites 
•19 climate summers 

•Temperature site 
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 Extreme years include late 21st-Century “averages” 

Δ = 5°C 

3x change 



Salmon River Temperature Model 
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Covariate Predictors 
1. Elevation (m) 
2. Canopy (%) 
3. Stream slope (%) 
4. Ave Precipitation (mm) 
5. Latitude (km) 
6. Lakes upstream (%) 
7. Glaciers upstream (%) 
8. Baseflow Index 
9. Watershed size (km2) 
10. Discharge (m3/s)* 
11. Air Temperature (˚C)# 

 
 
* = USGS gage data 
# = NCEP RegCM3 reanalysis 

r2 = 0.60; RMSE = 1.68°C 

Non-spatial Model 

Mean August Temperature 

Observed (
 

C) 

Spatial Model 

r2 = 0.89; RMSE = 0.86°C 

n = 4,414 
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r2 = 0.70; RMSE = 1.40°C 

Non-spatial Model 

Mean August Temperature 

Observed (
 

C) 

Spatial Model 

r2 = 0.95; RMSE = 0.60°C 
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Clearwater River Temp Model 

 

Covariate Predictors 
1. Elevation (m) 
2. Canopy (%) 
3. Stream slope (%) 
4. Ave Precipitation (mm) 
5. Latitude (km) 
6. Lakes upstream (%) 
7. Glaciers upstream (%) 
8. Baseflow Index 
9. Watershed size (km2) 
10. Discharge (m3/s) 
11. Air Temperature (˚C) 

n = 4,487 
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Climate Scenario Maps 
Many possibilities once model exists… 

Adjust air & 
discharge values 
to represent 
scenarios 



Salmon River Temperature Map 
2002-2011 mean August stream temperatures 

1 km prediction resolution 
21,000 stream km Temperature 

(
 

C) 

Salmon R. 
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Effects on Thermal Habitat 
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Suitable habitat = > 9.0°C 
High-quality habitat = 11.0-14.0°C 

Suitable habitat < 12.0°C 
High-quality habitat < 10.0°C 

Bull Trout 

Rainbow Trout 

Define using thermal criteria 



Gain 
No change 
Loss 

No net gain/loss in habitat 

Shift Towards Higher Elevation from 1993-2006 

Historic Climate Change Effects on 
 Rainbow Habitat (1993-2006) 

Isaak et al. 2010. Eco. Apps. 20:1350-1371 



Decreasing at 8% - 16%/decade 

No change 
Loss 

Isaak et al. 2010. Eco. Apps. 20:1350-1371 

Historic Climate Change Effects on 
 Bull Trout Habitat (1993-2006) 



Salmon River Bull Trout Habitats 

2002-2011 Historical 

Unsuitable 
Suitable 

11.2 ˚C isotherm 



Salmon River Bull Trout Habitats 

+1˚C Stream Temperature 

Unsuitable 
Suitable 

11.2 ˚C isotherm 



Salmon River Bull Trout Habitats 

+2˚C Stream Temperature 

Unsuitable 
Suitable 

11.2 ˚C isotherm 



Spatial Variation in Habitat Loss 

+1˚C Stream Temperature 

+2˚C Stream Temperature 

Unsuitable 
Suitable 2002-2011 Mean August Stream Temperatures 

Where to invest? 

2002-2011 historical scenario 

EFK. Salmon 

White Clouds 



Spatial Variation in Habitat Loss 
2002-2011 Historical 

+1˚C stream temperature scenario +2˚C Stream Temperature 

Unsuitable 
Suitable 

11.2 ˚C isotherm 

EFK. Salmon 

White Clouds 

Where to invest? 



Difference Map Shows Vulnerable Habitats 

Show pictures 
of restoration 

+1˚C stream temperature scenario +2˚C Stream Temperature 

Unsuitable 
Suitable 

11.2 ˚C isotherm 

EFK. Salmon 

White Clouds 

Where to invest? 



Where Should Restoration Efforts Occur? 
 Need to be Tactically & Strategically Smart  

•Maintaining/restoring flow 
•Maintaining/restoring riparian 
•Restoring channel form/function 



Continuous Resource Maps Will Facilitate 
  Terrestrial-Aquatic Integration 

How & where do fish 
& aquatics fit in? 

Rieman et al. 2010 BioScience 



Big Leap of Faith 

Management 
 Decisions 

GCM 



Models Developed from Everyone’s Data 

Management 
 Decisions 

GCM 

Data Collected by 
Local Bios & Hydros 

Coordinated Management Response 

javascript:showVote(965);


NorWeST Blob Growing… 
8,888 summers of data swallowed so far… 



NorWeST Temperature model   
  timelines (~3rd code HUCs) 



NorWeST Website Coming… 

GIS maps of climate scenarios 

Website for Distribution 

Launch scheduled this winter 

Temperature Data 



More Precise Bioclimatic Assessments 

Wenger et al. 2011. PNAS. 

Rieman et al. 2007 

Williams et al. 2009 

Dunham et al., In prep.  



Consistent Thermal Niche Definitions 
Regional fish survey 

databases (n = 10,000) 

Realized Thermal Niches 

Stream temperature maps 

Wenger et al. 2011a. PNAS 108:14175-14180 
Wenger et al. 2011b. CJFAS 68:988-1008; Wenger et al., In Preparation 
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Generalizable to All Stream Biotas 
Just need georeferenced biological survey data 

Too warm… Just right Too cold… 



1G LCC 
New monitoring sites can 
be updated rapidly & new 
apps rapidly scaled 

Tool runs on regionally 
  consistent data layers 

Stream Temperature  Streamflow 

Downscaled Stream Scenarios 

Bull Trout Climate Decision Support Tool 

Peterson et al. In Press. Fisheries 



Western U.S. Flow Metrics Webpage 
Website: 

VIC Modeled Flow Metrics 

NHD+ stream segments 
& climate scenarios 

…for the western U.S. 

http://www.fs.fed.us/rm/boise/AWAE/projects/
modeled_stream_flow_metrics.shtml 

Wenger et al. 2010. Water Resources Research 46, W09513 



Structured Decision Making 

Maybe? 

Downscaled Climate Scenarios 

Stream Hydro Stream temp 

Management 
Priorities 

Spatial Data 
 Layers 

BBN Decision 
Support Tool 



High Resolution Information 
 Landscape Specific Conditions  

Invest here 
 

Not here 



Proportion

Precise, representative sample 

Biological 
survey 

Probabilistic sample 
(i.e., EMAP GRTS) 

Efficient Biological Monitoring 
 Distributional status & trend 

Accurate habitat maps 
from stream models 

= Map 



Regionally Consistent Framework 
 Bull trout status & trend monitoring 

Decision Support Tool is an “App” that runs on 
the Network 
 Spatial data layers will exist rangewide 

Isaak, Rieman & Horan 2009 
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Summer Stream Temperature 

Redundant 
information 

Too many… 

Too few… 

Just 
right 

Sampling distribution 

More Efficient Temperature Monitoring 



Real-time Access to Stream  
 Spatial Data Anytime, Anywhere 
  Smartphones as field computers 

ArcGIS app 

GoogleMaps 

Prediction 
Precision Maps 

Temperature 
Maps 

Habitat Maps 



First “Killer Apps” but 
    more coming… 

In the Pipeline… 
•“Block-kriging” of stream-scale population estimates 
•Optimized monitoring designs for biological & 

water quality parameters 
•Improved fish distribution maps & models 
•Precise thermal niche definitions for trout 
•Improved climate vulnerability assessments 
 

Tip of the 
Iceberg 

1st Generation Apps 



An InterNet for Stream Data 

(a) (b)(a) (b)

x
 GIS infrastructure now exists… 

•350,000 stream kilometers 

1G LCC 
Accurate & 
consistent scaling 
of information 

Spatial models 



PIBO/AREMP 

Big Data Powers Big Models… 
 but Local Monitoring is Where 
 it All Starts 

Sensor Networks of temperature and 
flow (ISR stuff, and mainstem river 
vulnerabilities) 
 
Flow data also, individual, then 
examine changes across years 
 
Biological monitoring standardize 



Easy Method for Full Year Monitoring 
 Underwater Epoxy Protocol 

Data retrieved  
 from underwater 

Underwater epoxy 
cement 

$130 = 5 years of data 

Isaak & Horan 2011. NAJFM 31:134-137 

Annual Flooding 
Concerns 

Sensors or PVC housings 
glued to large boulders 



Big Boulders & Small Sensors 

Bridge pilings, roadbed riprap…  

Keep sun & sediment off…  



Significant Monitoring Gap: Full Year 
Temperatures from Unregulated Rivers  

Annual Temperature Cycle 

Summer 

Time 



Also Norton 

•70 rivers; 
•3 replicates/river; 
•n = 210 sites; 
•2 technicians; 
•1 summer of work; 
•Cost = $50,000; 

NoRRTN: Northern Rockies 
 River Temperature Network 



Full Year Stream Temperature 
 Monitoring Becoming Popular… 
2,761 Current full-year monitoring sites 

~500 New deployments last year 



Site Information 
•Stream name 
•Data steward contact 
 information 
•Agency 
•Site Initiation Date 

Webpage: 

Query Individual Sites 

A GoogleMap Tool for Dynamic 
 Queries of Temperature Monitoring Sites 

Google Search “USFS Stream Temperature” 

Regional Sensor Network 



Continental Monitoring Network Emerging 



Monitoring Sites in CRCT Range 

Mike Golden 
Matt Grove 
Kelly Larkin-McKim 
Rick Henderson 
Andrew Briebart 
Gwynne Chandler 



1) Stream temperature lapse rate (°C / 100 m) 
2) Long-term stream warming rate (°C / decade) 
3) Stream slope (degrees) 
4) Stream sinuosity 

Stream Distance 
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16 °C isotherm 

Stream-Specific Climate Change Scenarios 
 Calculation of Stream Isotherm Shifts 

Lacking precise estimates of fish shift rates, a 
useful first approximation can be provided by 
predicting isotherm shift rates through a 
stream. Need 4 bits of information to do this. 
Can be obtained in 1 summer or year of 
measurement 

Isaak & Rieman. 2012. Global Change Biology 18, doi: 10.1111/gcb.12073 
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16 °C isotherm 

Key BioClimate Model Assumption: 
 Critical isotherm delimits species boundary… 

Time 2 

Stream Distance 
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16 °C isotherm 

…& boundaries will 
track this isotherm 



What is an Isotherm? 
 How does it apply to streams? 

Isotherm = Line connecting 
 locations with equal temperatures 
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Distance 

16 °C isotherm 

14 °C isotherm 

18 °C isotherm 

Longitudinal 
view 

Stream plan view 



Step 1. Calculate vertical displacement for a given stream 
lapse rate and long-term warming rate. 

A Use for High School Trigonometry! 

Displacement (a) =  
Warming rate 

Lapse rate 
= 

0.2⁰C/decade 

0.4⁰C/100m 
=  +50m/decade 

c 

Step 3. Multiply slope distance by stream sinuosity ratio in 
meandering streams.  c’ 

Step 2. Translate displacement to distance along stream of 
a given slope. 

a  

c 

A ⁰ 

a 
Slope distance (c) 

sin A⁰ 
= 



Stream lapse rate = 0.8 °C / 100 m 
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Stream lapse rate = 0.8 °C / 100 m 
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River Network Climate Velocity Map 

sensu Loarie et al. 2009. Nature 462:1052-1055. 
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Trouble 

Elevational 
Refuge 

If It’s Steep, It Will Slow the Creep… 
Topography will be our Frien-emy 



Mainstem Fisheries Will See First & 
 Most Pronounced Thermal Impacts 

High Water Temperature In 
Grande Ronde Kills 239 Adult 
Spring Chinook  
Columbia Basin Bulletin, August 
14, 2009 (PST) 
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Is it a problem?  

Headwater Populations 

How much time left on the clock? 

Thermal 
refugia 
nonexistent 

Populations with 
< 5 stream km in 
trouble by 2050 



Harig et al. 2000; Harig & Fausch 2002; Coleman & Fausch 2007 

CRCT Habitats Often Too Cold… 

Viable Nonviable 



…But Now Are Slowly Thawing… 
+0.26 ˚C/decade from 1970-2011 

Air warming 0.26 ˚C/ decade ~  
 a) stream warming 0.15 ˚C/decade ~ 
 0.5 - 1 km/decade isotherm shift in 1% - 5% slopes 
 
 b) stream warming 0.15 ˚C/decade ~ 
 +20 degree days/decade ~  
  +80 degree days by 2050. 



Harig et al. 2000; Harig & Fausch 2002; Coleman & Fausch 2007 

…& New Habitats Will Come Online 

Viable Nonviable 
Blue = new 
by 2050?… 



Portable Doppler 
Velocimeter 

Pressure Transducers 

New discharge sensors = 
 new possibilities 

Traditional technique = 
 labor intensive & expensive 

Sensor Technology for Stream Discharge 



Hydrologic Models for Tiny Streams? 
 Why model it if it can be directly measured? 
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VIC Flow Model 

Andrew Todd, unpublished 

Summer Discharge in Rio 
Grande cutthroat streams 

Discharge (L3/second) 



Year 1 Measurement = Habitat Size 

Conservation 
population
Historical 
habitat

Figure from James Roberts 

Upper Green River 
CRCT Populations 



Year 2 Measurement minus Year 1 
 Measurement = Climate Sensitivity 

Interannual Climate Differences between 
summer 2011 & 2012  
Flow Δ = 50% 
Air Temp Δ = ~2.5C 
Confirm these… 
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Systematic sensitivity? 
  

Site-level sensitivity? 
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80% systemic change 
20% site change 



Year 2 Measurement minus Year 1 
 Measurement = Climate Sensitivity 

Interannual Climate Differences between 
summer 2011 & 2012  
Flow Δ = 50% 
Air Temp Δ = ~2.5C 
Confirm these… 
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Systematic sensitivity? 
  

Site-level sensitivity? 
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As an aside, we began harvesting some of the full year stream temperature data this year from sensors 
first deployed in 2010 in the Boise basin. Comparison of year over year changes among sites between the 
strongly contrasting summers of 2011 and 2012 suggest most streams change in a consistent fashion across 
climate years, which supports the way we’re currently modeling temporal variation in the regional model. 
The changes below are associated with an increase of 2.5 C air temperature and a 50% change in discharge, 
so a large range of climate variation pushing these changes. As more of these data become available over 
the next year, it will be possible to precisely describe the degree to which streams are differentially 
sensitive, link that sensitivity to specific covariates, and then develop future climate scenarios that 
directly incorporate it. One thing to notice in these relationships is the slight steepening of the slope in the 
warmer year, suggesting lower elevation, warmer streams change more than cold streams (next slide).

80% systemic change 
20% site change 



Much Can Be Done to Inform This Question 
 Where should scarce resources be spent? 

Pick 
me! 

Shrinking 
Budgets 

No, pick 
me! 



A2? 
A1B? 
B1? 

Significant Unknowns: 
 Where Do We Level Off (+1C, +3C, etc.) 
  & When Do We Get There? 

2050 

+1˚C to 
+2˚C 

IPCC 2007 

+1˚C to 
+4˚C 



Significant Unknowns: 
 Is it Going to Get Wetter or Dryer? 

b)

c)
-4 -3 -2 -1 0 1 2 3 4

 
C

mm

-25 -20 -15 -10 0 10 15 20 255-5

a)

Past may not be a 
prelude in this case… 

Precipitation trends (1950-2009) 

Future trends (2080-2099)? 

U.S. Climate Change Science Program. 2009  

? 



Precipitation Declines =  
 Habitat Reductions / Loss? 



Time 2 

Stream Distance 
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How Fast Are Fish Distributions Shifting? 

Average distribution shift 
across taxa =  
6.1 km/decade poleward  OR 
6.1 m/decade higher 

Parmesan and Yohe. 2003. 
 Nature 421:37-42. 

Significant Unknowns: 



Power Analysis for Trend Detection 
 How long does monitoring have to occur? 

Stream Distance 
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16 °C isotherm & 95% CI 
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Year 

Isaak et al. 2012. 
Climatic Change 

Streams differ in thermal 
variation which masks 
warming trend 

 
Stream 

Summer 
SD 

Annual 
SD 

NFK Clearwater 1.41 0.70 

Fir Creek 0.82 0.51 

Missouri R. 1.17 0.64 

SFK Bull River 0.86 0.55 

NFK Bull River 0.36 0.44 

Bull River 0.82 0.58 



2 – 6 decades for statistically significant changes 

Power Curves for Isotherm Shifts 

Realistic ISRs for 
1% channels 

Isaak & Rieman. 2012. Global Change Biology 18, doi: 10.1111/gcb.12073 



Empirical Evidence in the Short-Term 
Resample historical sites along stream profiles 

Non-salmonids may be our friends 
If less affected by nonnative competitors 
And clearer thermally mediated boundaries are apparent 
Show picture of sculpin, dace, etc… 



 Broad Distributional Resurveys 
 Assess site extirpation/colonization 
  frequencies relative to temperature 

Beever et al. 2003; 2010 
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 Broad Distributional Resurveys 
 Assess site extirpation/colonization 
  frequencies relative to temperature 

Beever et al. 2003; 2010 
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t1  t2  
1  0 
Site occupancy 

Platts 
70’s/80’s 
 
Bjornn 
1960’s/70’s 

Wenger et al. 2011. PNAS 

Fish survey database 
~10,000 sites 



Rieman & McIntyre 1995 
Isaak et al. 2010 

How Much Habitat is Needed to Persist? 

 

Occurrence 

Watershed 
area (ha) 

Stream 
length (km) 

p > 0.5 ~3,000 ~13 

p > 0.9 ~10,000 ~40 
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Significant Unknowns: 



Peterson et al., In Preparation 

Westslope 
cutthroat trout  

 

Occurrence 

Stream 
length (km) 

p > 0.5 ~2 

p > 0.9 ~10 

How Much Habitat is Needed to Persist? 



http://www.ncdc.noaa.gov/extremes/cei/graph/1c/ytd  

Extremes May Become More Extreme… 
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Drought 
extremes this 
last summer 
shown at flow 
gages 

http://www.ncdc.noaa.gov/extremes/cei/graph/1c/ytd
http://www.ncdc.noaa.gov/extremes/cei/graph/1c/ytd


Jentsch et al. 2007 

Number of Climatic “Events”  
 May Increase Dramatically 

Klamath Fish Kill 



Medano

Creek

Little 

Medano

Creek

a) b)

c)

National Research Council 2011 

More & Bigger Wildfires 
Fires > 10,000 Acres 

on USFS Lands 

If +1.0 ˚C… 

1970 1980 1990 2000 2010 



Can “Bombproof” Habitats Be Developed? 



Can “Bombproof” Habitats Be Developed? 

Isaak, …Roberts, …Fausch. 2012. Fisheries 37: 542-556. 

Largest Plus Nearest… 



Can “Bombproof” Habitats Be Developed? 

Isaak, …Roberts, …Fausch. 2012. Fisheries 37: 542-556. 

Largest Plus Nearest… 

& Replicate Across As Many Areas as Possible 



Dynamic Equilibrium 

Dynamic Dis-Equilibrium 

Can We Adjust Our Mindsets to the New Paradigm? 

Significant Unknowns: 



Regional Bioclimatic Context 

Linked to Landscape Level Models 
that Inform Local Actions 

Focus Efforts Where We Make a Difference 
 Do the Smartest Things in the Smartest Places 



The Sooner We Act,  
 The Bigger The Impact 



Air Temperature Warming 
 Rates in US (1970 – 2011)… 

http://www.climatecentral.org/news/the-heat-is-on/  

“Heat is on report” Tebaldi 2012 

http://www.climatecentral.org/news/the-heat-is-on/
http://www.climatecentral.org/news/the-heat-is-on/
http://www.climatecentral.org/news/the-heat-is-on/
http://www.climatecentral.org/news/the-heat-is-on/
http://www.climatecentral.org/news/the-heat-is-on/
http://www.climatecentral.org/news/the-heat-is-on/
http://www.climatecentral.org/news/the-heat-is-on/
http://www.climatecentral.org/news/the-heat-is-on/


Air Temperature Warming 
 Rates in CO/WY/UT (1970 – 2011)… 

0.59 ˚C/decade 

0.31 ˚C/decade 

0.26 ˚C/decade 



Relevant Publications… 

1) What is changing in the climate 
and related physical processes 
that may influence aquatic 
species and their habitats? 

2) What are the implications for 
fish populations, aquatic 
communities and related 
conservation values? 

3) What can we do about it?  

Isaak & Rieman. 2012. Global Change Biology 19, doi: 12073 

Rieman & Isaak 
2010. USFS 
Report. 

Isaak, …Roberts, …Fausch. 2012. 
Fisheries 37: 542-556. 

Predicting isotherm 
 shifts in streams… 



Stream Temperature Publications… 
Regional Stream 
 Temperature Trends… 

Stream Temperature 
 Modeling Approach… 

Epoxy field test and validation work … 

Epoxy “How-to” protocol… 



•Stream temperature 
publications & project 
descriptions & recent talks 

 
•Protocols for 
temperature data 
collection & 
demonstration videos 

 
•Processing macro for 
 temperature data 
 
•Dynamic GoogleMap 
showing current 
temperature monitoring 
sites 

Stream Temperature Website 
 Google “ Forest Service Stream Temperature”  



The End 


