Climate Change Effects on
Coldwater Stream Ecosystems:

How Climate Concerns are Driving Development of Better
Decision Support Tools & Improving Resource Management
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General outline:

1) Using interagency databases &
geospatial technologies to develop
relevant climate information for streams

2) Better spatial data = better resource
management decisions

3) Better spatial data = better monitoring
(for model validation & refinement) &
mechanistic research (for understanding)




More Pressure, Fewer Resources
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Western US - 20t Century

 “Warmer Obse _Ved Trends Declining
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There's A Lot on the Line

Climate Boogeyman Recreational Fisheries

Low Flows Prompt Fishing Closure On Upper Beaverhead

River And Reduced Limits On Clark Canyon Reservoir

Wednesday, September 29, 2004
Fishing

High Water S S
Temperature In Grande o
Ronde Kills 239 Adult
Spring Chinook
Columbia Basin Bulletin,
August 14, 2009 (PST)
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There's A Lot on the Line

Climate Boogeyman Recreational Fisheries

Fishing

High Water

$4 Billion on Fish &

in PNW Since 1980
 (ISAB/ISRP 2007)

Wildlife Recovery Efforts

Low Flows Prompt Fishing Closure On Upper Beaverhead

River And Reduced Limits On Clark Canyon Reservoir

Temperature In Grande | .
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Climate
Boogeyman

Analytical Capacity
‘Remote sensing/GIS
*Georeferenced,
corporate databases
«Computational capacity
Spatial models
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Geospatial Tools for Accurate
Regional Scale Stream Models
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Consistent, Accurate Information
Needed Across Broad Areas
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Consistent, Accurate Information
Needed Across Jurisdictions

Rocky Mountain
Research Station
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Existing Databases for Streams

1) Organism DISTI"IbUTIOH & Massive information
Abundance extraction is possible

3) Water
Quality Data
& TMDL J—
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Existing Databases for Streams
Nation's Largest Network (2,000-3,000 sites?)?

i
' PuerTo Rico

us FS Stream Temperature Monitoring Network ‘

e Temperature site
USFS boundary




Mapping Hydrologic Responses to
Climate Change Across River Networks
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Variable Infiltration Capacity (VIC)
Hydrologic Model

1/8™ degree grid resolution (~144 km?) - western US
1/16* degree grid resolution (~36 km?) - Columbia Basin

Cell Energy and Moisture Fluxes
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Variable Infiltration Capacity (VIC)
Macroscale Hydrologic Model
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VIC Outputs

*Snowpack

*Soil water moisture
Evaporation

*Flood timing, freq, & size
*Daily streamflows
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Adap‘rmg VIC for Smaller Rivers
- & Streams
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Validation of Stream Flow
Metrics Predicted by VIC

4 «. .. Frequency of winter high flows
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Western U.S. Flow Metrics Webpage

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

VIC Modeled Flow Metrics

Variable Infiltration Capac ity (VIC) "
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..across the western U.S.

..are available for all NHD+
stream segments & historic or

to make apples-to-
apples comparisons
and climate

assessments possible.




Regional Bioclimatic
Assessment for Western Trouts

Fish survey . Historic
database ~10,000 _  Distributions *
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Distributions
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Something's Missing...

No Stream Temperature Component

Air Temperatures

Also In...

*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
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Temperature is Primary Control
for Aquatic Organisms Like Fish

Temperature & Thermal Niche
metabolic rates

Onset of loss of performance and abundance |
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Lots of Summer' Stream Temp Data

g% Universityofldaho‘




Mapping Temperature Responses to
| Climate Change Across River Networks

Dan Isaak, Charlie Luce, Bruce Rieman,
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Boise River Temperature Database

Stream Temperature Database
14 year period (1993 - 2006)
780 observations

518 unique locations

V™

Watershec ,:,,,, Zesk v B,
: A T M
Elevation range 900 - 3300 m & C e
Y

A4
Fish bearing streams ~2,500 km THRONTIPI Lonetions
2

Watershed area.=:6,900 Third Order (plus) Streams

lIdaho City of
DEQ Boise




Spatial Statistical Models for Stream

' Networks Valid Means of Interpolation
Between Samples...Finally!

Symmetric Distance Classes Asymmetric Distance Classes
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Advantages:
-flexible & valid covariance structures
by accommodating network topology
-weighting by stream size
-improved predictive ability & parameter
estimates relative to non spatial models

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




Boise River Temperature Models

Mean Summer Stream Temp

Non-spatial Stream Temp = 19 |
- 0.0064*Ele (m)

+ 0.0104*Rad e
+ 0.39*AirTemp (C)
- 0.17*Flow (m3/s)

(e}
]
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r2= 0.68; RMSE = 1.54°C

p ! Non-spatial
Mu Itiple Regressnon N\odel

Spatial Stream Temp = 18

- 0.0045*Ele (m)

+ 0.0085*Rad

+ 0.48*AirTemp (C)
- 0.11*Flow (m3/s)

Predicted (°C)

r2= 0.93;RMSE = 0.74°C

Spatial
Mu Itiple Regression N\odel

Isaak et al. 2010. Eco. Apps. 20:1350-1371
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River Network Thermal Maps

2006 Mean Summer Temperatures

25 When & where are
g TMDL standards
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Measuring Climate Change Effects

Climate Trends Observed in the Boise River Basin

Summer Air Temperature
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Measuring Climate Change Effects
Changes in Summer Temps (1993-2006)

N0.38C  A0.70 C
0.27°C/10y 0.50°C/10y

100%

O Radiation
O Air Temperature

80% B Stream Flow

Thermal Gain Map
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Derivation of Thermal Niche Criteria
Bull Trout
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Mapping Thermal Habitat Effects

Rainbow Trout Habitat Losses (1993-2006)

[ Gain

No net gain/loss in habitat
' 1/ /B Il No change




Mapping Thermal Habitat Effects

Bull Trout Habitat Losses (1993-2006)
Decreasing qT 8% - 16'/od¢’_cade B Loss

&N A Bl No change




Predicting Future Climate Effects

Air Temperature
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Bull Trout Habitats by 2046

. Stream Temp A = +1.43 C

S -63% high quality habitat lost <
& " -39% suitable habitat lost -




Getting Local "Buy-In”
I't's a home-grown approach

GCM

Management
Decisions




Getting Local "Buy-In”
I't's a home-grown approach

194 Y= 0.93x + 0.830

GCM

Temperature (°C)
® 535-7.92
® 7.92-10.5

Data Collected by ¢
Local Bios & Hydros

Management
Decisions
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River Network Temperature Models

Cut Bank
o

oShelby
Conrad
o

Black Bl
Rapids

Spatial

Pullma.nooﬁgsc_tv)w'.\ = NOH-SpGTiGI

Kennewick
o -

Ontario© E
Migdleton ©

Boise Laboratory
Stream Temporature
Maodeling

o
Mountain
{ Home i mrian
e .- | Y e Matve
AR 1\ - o W
- "“4! 3 y '}’ i Jarbidge Twin Falls A
J River

b hpwin Mt ibial
Mot

[ et Rt I
"a




R Ly W
— “‘ 3 .
- g l
) J.-. \
. (S
4
7]
e ~
@
o
) - “
- o,
re
v

Regional Temper'afur'e Model Needed

LC""QG amounts of Temper'a'rur'e s AL DR
data exish (n~ 20,000 - 30 doo summers")

““““““

7k
4.3}?
< ‘4 /.

ﬂ&,

) ‘I
;'-“&' .; ’ \-'l |'vv"
réu ’ K . A 4 |
RN R T }ﬂ"ﬂ f“m‘.l' fog

.....

’ g

Intenor Columbla Rlver

3 £ grm
.‘

7\,

T 35T 4 ICB Flsh Bearmg S’rreams ~ 250 OOO km



A Step Towards a Regional Model
Lower Snake Study Domain - NCEAS Workshop

|
42,000 stream km (15x Boise)
: I 6,734 summer observations

im ASHINGTON o S, 2,005 temper'afur'e sites
4 Data A e o
Providers:
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- \
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Lower Snake Temperature Model
Mean Summer Temperature

Non-spatial Stream Temp =  *°
- 0.0041*Ele (m)
- 13.9*Slope (%) o
+ 0.016*Wat_size (100km?)
-0.0022*Ave_Precip

- 0.041*Flow (m3/s)

+ 0.42*AirMean (C)

10 -

'\“e o .
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. - __Multiple Regression Model

2 = . - o
Spatial Stream Temp = re=093; RMSE = 0.82 C. -

Predicted ( C)
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Climate Variation in Lower Snake Database

20 years from 1990-2010
Summer = July 16 - Aug 31
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A Regional Stream Temp Database & Model
/\/\
S g Great Northern [

LANDSCAPE CONSERVATION COOPERATIVE Lcmdscape

Conservation
- Cooperatives

o £

250,000 stream km (100x Boise) |
«20,000+ summer observations?

5,000+ temperature sites?
*35 National Forests

Isaak et al. 2011




Model Outputs & Distribution

GIS files for linkage to NHD+

hYdrOQr?PhY Iayer".... & thermally suitable

habitat patch polygons
based on species-specific
criteria
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Historic
& Future
Scenarios
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More Precise Bioclimatic

«<USGS

Wowce 0 8 SRt et *‘IY"
T "‘I 3! ,‘:‘

Range-wide climate vulnerability
assessment for bull trout in the
conterminous United States
[omamie= ] [ ]

™Y
Dunham et al., In prep.
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Assessments
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2) Better Spatial Data =

Better Resource Management

Climate-Aquatics Workshop in Boise i cin

o Temperatyre “m
Understanding and Adapting To Climate fi""‘""")“M

Change in Aquatic Ecosystems at Landscape

and River Basin Scales: A decision support workshop
for integrating research and management

) i e

L J——
o

U.S. Forest Service

Science Application & L . ' :
Integmﬁgs Program  Objectives: 1) climate-aquatics short-

i Air. Water & course, 2) share latest/greatest
Frrveuror oSS Aquatics Program blOPhYSlCC(' model OUTPUTS &
downscaled climate scenarios, 3)
receive manager feedback

Co-sponsors:
Great Northern LCC Attendees: In-house 60 attendees

from 16 different state, federal,
2USGS -~

tribal, private resource
scrence !orachan ing worldf

organizations; Online > 400 webinar
short-course participants

UNLIHITED




A Real World Example Using
Spatial Data & Climate Scenarios

Existing Bull Trout

i Spatial data layers
o Populations

Interagency,
Interdisciplinary




Day 1 task: Use the spatial data at your
disposal to rank from 1 to 5 (1 = highest
priority) the populations where your limited
budget will be spent to maximize the long-
term persistence of bull trout in the Boise
basin.

Existing Bull Trout
Populations



Bull Trout Climate Decision Support Tool

Downscaled Climate Scenarios

Temper'a’rure
Isaak et al 2010
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Decision Support Tools for
Spatial Data Integration
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Decision Support Tool is an "App”

that runs on the Network
Spatial data layers will soon exist rangewide

|
Bl trout BEN model pre

Weman, BE and DF Peterso

October 1K, 2010
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Decision Support Tool is an "App”

that runs on the Network
Spatial data layers will soon exist rangewide

VERIZON

T

New monitoring sites can
be updated rapidly &
new apps rapidly scaled

Great Northern | Si

‘LANDSCAPE _
CONSERVATION R .
COOPERATIVE [ sm—




3) Better Spatial Data =

Better Resource Monitoring

*Temperature
Flow

<
O
-
o
>
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Cool
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Stream Distance ‘{

Time 2

Elevation

Stream Distance




USFS Flow Gaging GAP Analysis

Region 1 Pilot Assessment

| 'CDo - NHD+ Hydrography

e On USFS land
Off USFS land |

Elevation

Prepared by

Dona Horan, Dan Isaak, and Charlie Luce, RMRS

Commissioned by
Chris Carlson and Katherine Smith, WO




Cheap & Reliable Sensor Technology

Stream discharge monitoring

Traditional techniques =
labor intensive & expensive

Portable
Doppler
Velocimeter

new possibilities



Cheap & Reliable Sensor Technology

Stream temperature monitoring

! Annual Flooding Concerns Underwater epoxy cement

|

$100 = 5 years of data

Data retrieved

Sensors or protective housings
glued to large boulders

p everyfew years




Regional Interagency Stream
Temperature Monitoring Network

2,160 Current full-year monitoring sites
~1,000 New deployments last year

-
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Legend - 2,160 ongoing, full-year stream temperature sites
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A Google Map Tool for Dynamic
Queries of Temperature Monitoring Sites

Reglonal Shnsoi'h Network Site Information
*Stream name

: S8 0" | .Datasteward contact
. ';_,’} b ST f .
,}llw/v\(lz ‘j"‘ Y information
), e 2| -Agency
w_fk_ -Site Initiation Date
~-.~._.,~-_,.1

Query Individual Sites

'''''

Webpage:
Google Search "USFS Stream Temperature”




Real-time Access to Spatial

Stream Data Anytime, Anywhere
Smartphones as Field Computers

ArcGIS app Q

MOTC&M/ = 3:00 PM °
| [ 3 = for Android
GIS Maps of Spatlal

Model Precision
R — “H




Elevation

Elevation

How Fast Are Distribution Shifting?

We Don't Know for Aquatic Organisms

Time 2 ~ o

Warm

Average distribution shift
across taxa =

Stream Distance

6.1 km/decade poleward
OR
6.1 m/decade higher
Parmesan and Yohe 2003



Efficient Biological Monitoring

Accur'cﬂ'e Habi

tat Maps

from Stream Models

Probabilistic
Sample (i.e.,
EMAP.GRTS)




Regionally Consistent Framework
Status & Trend Monitoring
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First “Killer Apps” but

more coming soon...

/ & ’"g"uéfﬁ(% '

1s* Generation Apps

(o™

: Tip of the|
Tceberg

‘ . v
In the Pipeline...

*Bull trout climate decision support tool

Improved monitoring designs for biological &
water quality parameters

Improved fish distribution maps & models

Precise thermal niche definitions for trout

Improved climate vulnerability assessments




Significant Unknowns Remain

Defining Bioclimatic Thresholds
What is too warm, too small, or too variable?

Upper/Lower
thermal tolerances

,, as
Disturbance Frequencies !
Floods, Debris Flows, Fires o )

Minimum Flow Volumes

Landscape Configurations
Size & Connectivity of Habitats




Significant Unknowns Remain

Understanding Biological Mechanisms
How do populations integrate to climate effects?

Temperature and flow effects on
seasonal growth rates
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Xu, Letcher, and Nislow. 2010. Freshwater Biology 55:2253-2264.



Linking BioClimatic Information Across
| Scales by Har'nessmg Interagency

Databases -

Continuous
Space/Time
Air Temp
Surface

e ) - s .

~ %t D +s | Continuous
b/ % ’ 1‘.“' Space/Time
/ * \,mrw‘f\'f Stream Temp
3 , A \ Surface

g

t‘ = \
= | Legend Biological
) : R1Ak Sensors (1391) Mechanisms

® Stream Temp (896)

Wiens and Bachelet 2009




Better Downscaling
How will global trends affect my stream?

GCM RCM
o ¥ iy
\ ,ﬁ;‘:"' . n'} f

Integrated global-to-
regional-to-landscape-to-
stream system

Temperature (°C)
©535-7.92
® 7.92-10.5



Where Can Management
Make a Difference?

20t Century 215t Century

Lost Cause?

Management
critical?

Hydrologic Regime

Resilient Population?

Thermal Regime

Modified from Williams et al. 2007



More With Less,
bu'r per'haps...Much More?

Shrinking
Budgets



Connect the Dots to Map the Future
& the Agencies & the People

| (0 Anomaly (°C) relative to 1




[ ] [ ]
Ke Pu b I ' Cat ' o ns Climate Change, Agquatic Ecosystems,
Ve and Fishes in the Rocky Mountain West:
Implications and Alternatives for Managemenl
Flow regime, temperature, and biotic interactions drive .

differential declines of trout species under
climate change

Seth J. Wenger™', Daniel 1. Isaak®, Charles H. Luce®,
Daniel C. Dauwalter”, Michael K. Young®, Marketa !

Bruce |, Rieq\,\"\'ﬁ'@ﬁd Daniel 1 Isaak

t Unfimited, Botse, ID &3 "Us -ms:—»u Rocky Mourt
av:logy(hr.\d State Uniwersity, mL O §05231474 U
*US forest Service Aocky Moun mRm’m&amMthM'
ofw:mmgl n, Seattle, WA 9819556 72 %S Forest Service Rocky

Climate change effects on stream and
river temperatures across the northwest
U.S. from 1980-2009 and implications for
salmonid fishes

Rleman & Isaak 2010. USFS ReporT

D. J. Isaak, S. Wollrab, D. Horan &

i 1) What is changing in the climate
e and related physical processes that
B Clivatic Chings may influence aquatic species and
| their habitats?
- o 2) What are the implications for fish
Isaak et al. 2011. &/imatic Change populations, aquatic communities
S and related conservation values?

3) What can we do about it?




Additional Research
Google "USFS TreeSearch” & then search author

Goode JR, Luce CH, Buffington JM (2011) Enhanced sediment delivery in a changing climate in semi-
arid mountain basins: implications for water resource management and aquatic habitat in the
northern Rocky Mountains. Geomorphology x:xxx

Isaak DJ, Horan DL (2011) An evaluation of underwater epoxies to permanently install temperature
sensors in mountain streams. NAJFM 31:134-137.

Isaak DJ, Luce CH, Rieman BE, Nagel DE, Peterson EE, Horan DL, Parkes S, Chandler GL (2010)
Effects of climate change and recent wildfires on stream temperature and thermal habitat for
two salmonids in a mountain river network. Eco/ App/20:1350-1371.

Luce C, Holden Z (2009) Declining annual streamflow distributions in the Pacific Northwest United
States, 1948-2006. Geophysical Research Letters 36, L16401.

Rieman BE, Isaak DJ, Adams S, Horan D, Nagel D, Luce C, Myers D (2007) Anticipated climate
warming effects on bull trout habitats and populations across the Interior Columbia River Basin.
TAFS 136:1552-1565.

Wenger SJ, Isaak DJ, Luce CH, Neville HM, Fausch KD, Dunham JD, Dauwalter DC, Young MK, Elsner
MM, Rieman BE, Hamlet AF, and Williams JE (2011b) Flow regime, femperature, and biotic
interactions drive differential declines of trout species under climate change. PNAS
doi:10.1073/pnas.1103097108.

Wenger SJ, Luce CH, Hamlet AF, Isaak DJ, Neville HM (2010) Macroscale hydrologic modeling of
ecologically relevant flow metrics. Water Resour Res 46, W09513, doi:10.1029/2009WR008839.

Related Websites - Google search...
"USFS Boise Stream Temperature”
“Climate-Aquatics Decision Support Workshop”
“"Western US Stream Flow Metrics”
"USFS Climate Change Resource Center”



Climate-Aquatics BLOG

Speed Information Transfer Regarding Latest Science
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