Climate Change Effects on Stream &
River Temperatures across the
Northwest U.S. from 1980 02009

Dan Isaak, Sherry Wollrab, Dona Horan, Gwynne Chandler
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Rocky Mountain Research Station
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Global Trends in Air Temperatures
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Global Trends in River Temperatures

River Loire, France (1880 9 2003)
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Temperature I1s Primary Control
for Ectotherms Like Fish

Thermal Niche
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Western U.S. Air Temperature Trends
1950 - 2009 1987 - 2009
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Fraser River - Annual
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Regional Trends In Northwest Rivers

Columbia River - Summer
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30 Year Monitoring Sites in NW U.S.
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Example 30 Year Monitoring Records

Snake R., WA at Anatone NFK Clearwater R. at Peck
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Example 30 Year Monitoring Records

SFK Bull Run River, OR Missouri R., MT at  Toston
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Methods

AViultiple regression models to describe seasonal stream
temperature relationships with discharge (co -located USGS
gage) & air temperature (3 nearest NOAA climate stations) at
each monitoring site.

Stream temperature ( Y) = b, + b,(air) 8 b, (discharge)

A\dvantages: 1) parameter estimates for attribution &
significance testing

2) predictive equations for description of
stream temperature trends associated with
various climate scenarios (historic or future)

3) trend estimates not affected by missing
stream temperature observations

fStatistical significance of trends assessed across monitoring
sites with 1 -sample 7-test



Example Multiple Regression Results
Spring period (March, April, May)

Stream site

regression equation

Multiple

Spring period 4 A|r

. Snake River Near Anatone, WA y=3.43}0.588%air °C)
2. North Fork Clearwater River, ID y=1.48§-0.548%(air °C)
3. Missouri River, MT y="7.05}0.583%air °C)
6. South Fork Bull Run River, OR y=1.01§-0.716%air °C)
7. Fir Creek, OR y=0.01B9+0.701%air °f]

8. North Fork Bull Run River, OR
9. Bull Run River, OR

3=0.76

y=—0.2

+0.710%air °C
6+0.810%air ©

Discharg
0.00013(m’/s)

0.00373( m’/s)
0.00499*(m?/s)
0.183%m’/s)
-0.3 l3(m3/s)
- 0.307%m’/s)

-0.0392(m’/s

R2 RMSE Significant
( C) Interaction?
0.68 0.37 No
0.79 0.32 No
0.85 0.35 Yes
0.85 0.32 No
0.89 0.26 No
0.84 0.33 No
0.83 0.32 No




Seasonal Trends In Temperatures
(1980 - 2009)
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Seasonal Trends In Temperatures
(1980 - 2009)
Unregulated sites (7)
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Attribution of Stream Warming Trends
Air temp & discharge effects are additive

Site Reconstructed trends

Total stream  Air temperature, discharge  Standardized b,’s (air
temperature  contributions (°C)* temperature, discharge)”
change (°C)

Spring Period

1. Snake River Near Anatone, WA 323 —0.307, —0.018 0.78, —0.12
2. North Fork Clearwater River, ID —0.346 —0.453, 0.107 0.80, —0.20
3. Missouri River, MT —0:155 —0.198, 0.043 0.81, —0.25
6. South Fork Bull Run River, OR —(0.143 —0.168, 0.024 0.81, —0.20
7. Fir Creek, OR —0.147 —0.164, 0.017 0.88, —0.14
8. North Fork Bull Run River, OR —0.150 —0.166, 0.017 0.80, —0.22

9. Bull Run River, OR —0.181 —0.18940.009 0.85, —0.17




Attribution of Stream Warming Trends
Inter -annual variation ~ environmental noise

Temperature




Attribution of Stream Warming Trends
Inter -annual variation ~ environmental noise
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Attribution of Stream Warming Trends

Long-term trend ~ environmental signal
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Attribution of Stream Warming Trends
Long-term trend ~ environmental signal
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Attribution of Stream Warming Trends

Comparison to Air Temp Trends at Local Climate Stations
04 -
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Similar Trends in Most Regional Streams?
Mean Summer Air Temp Trends (1980 06 2009)
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http://www.climate.washington.edu/trendanalysis/

Spatial Variation in Temperature Changes
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Easy Method for Full Year Data
Underwater Epoxy Protocol

* Annual Flooding Concerns Underwater epoxy cement

£z

$100 = 5 years of data

Data retrieved

Sensors or protective housings
A from underwater

glued to large boulders

Googl e Searc
Temperatur e

Isaak & Horan 2011. NAJFM 31:134-137 ‘



Massive Regional Monitoring Network

2,160 current full - year monitoring sites
~1,000 new 2011 deployments
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Legend - 2,160 ongoing, full-year stream temperature sites
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A Regional Stream
Temperature Database & Model

Great Northern :

LANDSCAPE CONSERVATION CaPERATIVE [L@ndscape
~ Conservation

¥ Coopératives

£50,000 stream kilometers
A10,000+ summers of observation?

A15,000+ unique sites? B : o S
G zuses &)

Great Northern
WO science for a changing world

CSIRO




Regional Stream Temperature  Datacall
Visitthe Datacall We bsi t eé

LANDSCAPE CONSERVATION COOPERATIVE

GNLCC Project Proposa
Description

Stream Termper ibae Datac
Message

Great Northern Google Search OGNLCC St

About Un Science | Broduct Ubory  Hows & Eveaty | Stall  Sbudents  Partnem  Cantact Ly

Homo

GNLCC Regional Stream Temperature Database and Model

This webaite has been developed to provide background Information on &
new stream tempersture project funded by the Great Northern LCC. One of
the goals of the project Iy to complia axisting stream temperature data from
federn), stata, tribal, and privabe sources across the fve state region that
comprises the US portion of the GHLCC. Theass data will be devaloped Into
an intagratad reglonal databasae that 5 mada available to all Interested
parties. The stream tamparature database will also ba used with naw spatial
statistical modals for river natworks to devalop an accurate regicnal modal
capable of predicting stream tamparatures for all fish-bearing streams, The
model will be used to simulate & vanety of hstoric and future cimate
stributions of thermal habitat for
yous maps of stream temparsture
e avallable ss GIS layers at the
il and management planning

Seraar Deta

Thermal Habitet Assessments

Ostaded Map of Progect
Boundartes

mbling the catabasae of stream
Durces across the GNLCC. For
o thiz project, detailed
poundanes, mathodologles, and

siructions for Data Sutmissions

AProject description
AAnalytical details
Aftp site for data transfers




NorWesS ...T.. Database .
Montana Domain

——— | Status: 1/26/12
e 2,500+ sites
4/ 5,000+ summers

O USFS_Helana NF (13 /21)
9 USFS_Kootenal (58 / 58)

O USGS_NwS (55/603)

FWP_Tews (116 / 116)

USGS_NOROCK (nol yet mapped) @ FWP_Moser(11/ 1) USFS_BNerroot NF (not yel mapped)
BOR_Hydromet ot yet mapped) @ DEQC @3 /570) USFS_NRIS:
® FWsS_Boltz (20 /80) O USFS_PIBO 453 /831) @ Loo3/Y
® FWP_Plerce (153/57%5) © USFS_Lolo NF (346 7990) 9  Flsihead (136 / 187)
[

8 FWP_Ryan (17 /%) USFS_Gallatin NF (24 / 2¢) 9 Beaverheac-Deedodge (132 /287)

Viewable atthe Datacall We b s



NorWes ....T... Applications

S & GreatNorhern,, More Efficient Monitoring
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Website for Accessing
Stream Temperature Data

Google maps . _SourchMeps

Gt Ditnetiane My Maps [YRGEE 9 View in Geogle Earth
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