The National Stream Internet Project

An analytical framework for creating new

information from old stream data
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BIG DATA =
BIG POSSIBILITIES
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science for a changing world
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Mountains of Data Could be Mined

for Valuable Information

Temperature Discharge — USGS NWIS

Fish Water
surveys Quality

(Wenger et al. 2011) (Olsen & Hawkins 2010)



Mountains of Data Could be Mined

for Valuable Information
Discharge — USGS NWIS

e ee Temperature
Free
millions! orye
millions!
Fish Water
surve Free Quality
millions!
Free
millions!

(Wenger et al. 2011) (Olsen & Hawkins 2010)



More Pressure, Fewer Resources

Urbanization &
Climate Change Population Growth

Shrinking
Budgets

Need to do more
with less




Good Information for Strategic
Decision Making Will be Critical

The 215t-Century will Be
a Transitional One
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Where do Fish Fit in a Terrestrial World?

This is a Tree not a Fish N
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Stop Viewing Streams as Dots




Stop Viewing Streams as Dots

CLEAN WATER IS WHAT WE WISH
FOR KEEPING HEALTHY ALL THE




Geospatial Technologies, Digital
Databases & Computing Horsepower

Remote Sensing GIS / Computing Climate, weather,

‘ Capacity GCM data online
Visualization

\ Spatial analyses

Nationally Consistent Hydrology
Databases (USGS NHD+)

Elevation

Slope Drainage Area
Distance




A New Type of Statistical Model
for Data on Stream Networks

Environ Ecol Stat (2006) 13:449-464
DOT 10100710651 -006-0022-58
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Key Innovation of Stream
Models is Covariance Structure
Based On Network Structure

Models “understand”
how information moves among
locations based on network topology

Peterson et al. 2007. Freshwater Biology 52:267-279;
Peterson & Ver Hoef. 2010. Ecology 91:644-651.



Spatial Statistical Network Models

\wé . Valid interpolation on networks
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Advantages:

-flexible & valid autocovariance structures
that accommodate network topology & non-
independence among observations
-improved predictive ability & parameter

estimates relative to non-spatial models
Ver Hoef et al. 2006; Ver Hoef & Peterson 2010; Peterson & Ver Hoef 2013




Stream Models are Generalizable...

Stream
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Accurate Predictions at Sampled
(& Unsampled) Locations Enable
Spatially Continuous Status Maps

Time 1 Time 2

)

N\ \2; Which then facilitate
X trend assessments...



Spatial Variation in Prediction Precision



Designing Efficient Monitoring Designs

Models Describe Autocorrelation Distances

C}_Redundant
information

Distance between samples (km)

Inverse
Similarity

Too many...

Too few... O




A BIG DATA challenge

science for a changing world

>60 agencies

BIG DATA = BIG INFORMATION?




>45,000,000 hourly records
>15,000 unique stream sites

RN POWER.

>60 agencies
$10,000,000




Regional Temperature Model

Accurate temperature
models

-

Cross-jurisdictional “maps’’ of
stream temperatures
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Stream Thermalscape so Far...

The BLOB... it just keeps growing...
» 234,000 stream kilometers of thermal ooze
» 20,072 summers of data swallowed




BLOB Space, but BLOB time too...

Q 2080’s A1B
Where
will the \ Here
Coldwater Q_ they
Refuges — ot
Exist?

The BLOB... it just keeps growing...
\“X(?’ » 234,000 stream kilometers of thermal ooze
% » 20,072 summers of data swallowed



NorWeST Facilitates Related Projects
b T —

*Regional bull trout climate vulnerability
assessment (J. Dunham)

*Cutthroat & bull trout climate decision
support tools (Peterson et al., 2013)

*Landscape-scale bull trout monitoring
protocol (Isaak et al. 2009)

*Consistent thermal niche definitions
(S. Wenger, In Prep.)

*Efficient stream temperature
monitoring designs
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Stream Thermalscape Maps Enable
Development of Useful Thermal Criteria

Regional fish survey
databases (n ~20,000)

Stream temperature maps

e

Occurrence
probability

Temperature (C)

Wenger et al. 2011a. PNAS 108:14175-14180
Wenger et al. 2011b. CJFAS 68:988-1008; Wenger et al., In Preparation



Clearwater Stream Temperature Scenario
Historic (1993-2011 Average August)
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Climate Effects on Bull Trout Thermal Habitat
Historic (1993-2011 Average August)

Bl Suitable
Bl Unsuitable

< 11.0°C



Climate Effects on Bull Trout Thermal Habitat
+1.50°C Stream Temp (~2040s)

Bl Suitable
Bl Unsuitable

< 11.0°C



Climate Effects on Bull Trout Thermal Habitat
+3.00°C Stream Temp (~2080s)

Bl Suitable
Bl Unsuitable

< 11.0°C



Strategic Prioritization of Habitat
Restoration Lots of things we can do...

*Maintaining/restoring flow...
*Maintaining/restoring riparian...
*Restoring channel form/function...
*Prescribed burns limit wildfire risks...
*Non-native species control...
*Improve/impede fish passage...
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But where to do it?

AN

| .

Low High
‘k& ' Priority Priority




Precise Information Empowers Local
Decision Makers & Strengthens Aquatic

Regional models Social Networks

are too coarse

- I’m going to invest here...
..instead of here



Everyone’s Data is Used,
Everyone IS Engaged in the Process
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The BLOB has a dream...

“What if | could eat
data everywhere?”
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2,500,000 stream kilometers nationally
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Stream Internet Project Objectives

1) Develop compatibility between spatial stream analysis tools
and national hydrography layer (USGS NHDPIus, v2)

2) Update STARS stream analysis tools to ArcMap 10.2

3) Host national workshop in 2015 to engage key researchers &
leaders from aquatic programs (i.e., power-users)

Projects like
NorWeST done
routinely &

incentives exist
for database
aggregation



3 Easy Steps to Use the Stream Internet
Step 1. Develop a Stream Database...

Stream

. Temperature
Distribution &

abundance

Anywhere in the country...

Genetic =
- Parameters



Step 2. Link to Covariate Predictors
100’s are Available (NHDPIlus, NLCD, DEM:s...)

% Landuse Precipitation
Drainage
Area
- | Slope
ke
. 2
Elevation o
Distance
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'«‘Q’(y Wang et al. 2011. A Hierarchical Spatial Framework and Database for the

A National River Fish Habitat Condition Assessment. Fisheries 36:436-449.
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Step 3. Stream Statistical Analysis
SSN/STARS Website - Free Software

Spatial Stream
Networks (SSN)
Package for R

* Software
* Example Datasets A s Nty amine
° Documentation

STARS: An ArcGIS toolset used to calculate the spatial data needed to
fit spatial statistical models to stream network data




Stream Statistics User Community is
Rapidly Developing

>11,000 Visits to SSN/STARS
website in first year
>300 software downloads

..
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NX( Locations of visits to SSN/STARS website in last month
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2"d Annual Training Workshop in Boise
May 15 - 17, prior to Joint Aquatic
Sciences meeting in Portland
Idaho Water Center

3 day workshop
15t day: overview of spatial stream
models (webinar)

27d/3rd days: work 1-on-1 with
Jay/Erin to model your data

Attendees (15 people); 1%t day
webinar viewers (unlimited)

If Interested, contact Dan Isaak
(disaak@fs.fed.us) or go to the
SSN/STARS website for
registration details


mailto:disaak@fs.fed.us

Better Understanding &
Prediction for Streams & Rivers
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described
_+_

1
‘+‘—+—_+_¢
4t

l Predictor ‘

Refined Rejected
Re
4 3
4 +-
+- + .+.+
oF

Response

.+.




NFHP & Stream Internet Are
Strongly Synergistic

e




More Pressure, Fewer Resources

Urbanization &
Climate Change Population Growth

Shrinking
Budgets

Need to do more
with less




More With Less, but What If...
It was Much More?

Climate Change
l

M M’odﬂ _

Shrinking
Budgets
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Connect the Dots to Map the Future

q & the People &

the Agencies

Climage Change

Land & Species
Management




