
“Killer Apps” & The Stream Internet 
 
•Block-kriging for reference site 
comparisons & fish population estimates 
 
•Regionally consistent thermal 
 niche criteria using BIG FISH data 
 
•Precise bioclimatic models & vulnerability 
assessments 
 
•Consistent river basin application of 
decision support tools 
 
•Efficient temperature & biological 
 monitoring designs 
 

Tip of the 
Iceberg 

Consistent temperature 
information & stream 
analytical infrastructure 
creates huge 
synergies… 
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Statistical Models for Data on 
 Stream Networks…FINALLY! 



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. 



Stream Network Models are Simply Better 
Mousetraps for Many Things… 

…but also changes at 
tributary confluences 

Gradual trends within networks… 
SO4 level 



Stream Models are Generalizable…  

Genetic 
Attributes 

Water Quality 
Parameters 

Distribution 
& abundance 

Statistical stream models 

Response 
Metrics 
•Gaussian 
•Poissan 
•Binomial 

Stream 
Temperature 



Development Costs & Lineage 
Spatial Network Tools: $560,000 

EPA STAR 
Grant $150,000 

USFS 
$140,000 

FLoWS 
(Functional 
Linkage of 

Waterbasins 
and Streams) 

$17,000 NOAA/NCEAS 
$100,000 

GNLCC 
 $40,000 

CSIRO 
$120,000 

$17,000 



Spatial Stream Statistics 
Working Group 

Isaak, D.J., E. Peterson, J. V. Hoef, S. Wenger, J. Falke, C. Torgersen, C. Sowder, A. Steel, 
M.J. Fortin, C. Jordan, A. Reusch, N. Som, P. Monestiez. 2014. Applications of spatial 
statistical network models to stream data. WIREs - Water 1:xxx. 
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Statistically Valid, Unbiased  
 Information from Aggregated Data 

Training on left                        2007 validation on right
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Data from 2007

r2 = 0.68; RMSE = 1.54°C 
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Data from 2007

r2 = 0.93; RMSE = 0.74°C 

Spatial Model 

Non-spatial Model 

Mean Summer Stream Temp 

Observed (°C) 
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Non-spatial Stream Temp = 
– 0.0064*Elevation (m) 
+ 0.0104*Radiation 
+ 0.39*AirTemp (°C) 
– 0.17*Flow (m3/s) 
 
 
 
 
 
 
Spatial Stream Temp = 
– 0.0045*Elevation (m) 
+ 0.0085*Radiation 
+ 0.48*AirTemp (°C) 
– 0.11*Flow (m3/s) 

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

Parameter 
estimates are 
different because 
of autocorrelation 
in database 



Model Interpolations Provide 
High-Resolution Network Status Maps 

SO4 level 

Time 1 

SO4 level 

Time 2 

Trend 

Which then facilitate trend assessments… 



Distance between samples (km) 

In
ve

rs
e

 
S

im
il

ar
it

y 
Redundant 
information 

Sampling distribution 

Models Describe Autocorrelation Distances 

Too many… 

Too few… 

Just 
right 

Planning of Efficient 
 Monitoring Designs… 



Spatial Variation in Prediction Precision 



Block-krige Estimates of Mean & 
 Variance at User-Defined Scale 

Temperature (˚C) 

Bear Valley Creek 
Mean Temperature 

Precise & unbiased estimates 
Random 
Sampling 

Te
m

p
e

ra
tu

re
 

Does this reach meet the TMDL standard? 



Reference Site Comparison Approach 

How altered is this stream? 

Pick “degraded” & “healthy” streams to compare 

6

8
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16



~2˚C difference 

Block-Krige Estimates for Both Streams 
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Block kriging 
Simple random 

Stream 
1      2 



Do so anywhere within a river network 

Block-Krige Estimates for Both Streams 



Block-Kriging of Water Quality Maps Could 
Improve Impact Assessments for… 

Wildfires… 

Sediment… 
Fracking… 

Mining… Energy 
development… 

Urbanization… 

Landuse… 



Traditional Estimation Scale = 
 Reach (10’s – 100’s meters) 

Sample 
Reach 

Population 
Estimate 

How Many Fish 
Live Here? 

Block-Kriging Fish Population Estimates 



Desired Estimation Scale = 
 Stream & Network (1000’s – 10,000’s meters) 

Population 
Estimate 

How Many Fish 
Live Here? 

Block-Kriging Fish Population Estimates 



Desired Estimation Scale = 
 Stream & Network (1000’s – 10,000’s meters) 

Population 
Estimate 

How Many Fish 
Live Here? 

• Terrestrial applications 
are common 

• Theory now exists for 
streams 

Block-Kriging Fish Population Estimates 



Regional fish survey 
databases (n ~ 20,000) 

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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Temperature (C) 

Development of Regionally 
 Consistent Thermal Criteria 



Wenger et al., In Preparation 

Preliminary Results… 

NorWeST Stream Temperature (S1) 

Cutthroat 
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Bull    

Brook     Rainbow    

~20,000 fish 
surveys 



Thermal Niche Nuances… 

NorWeST 
Temperature 
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NorWeST 
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Precision Varies… 



Thermal Niche Nuances… 

NorWeST 
Temperature 
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Only Juveniles 

NorWeST 
Temperature 
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Life Stage Varies… 



Thermal Niche Nuances… 

NorWeST 
Temperature 
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All Bull Trout   

NorWeST 
Temperature 
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Competitive 
 Interactions… 



Thermal Criteria For Any Stream Critter 
Just need georeferenced biological survey data 

Too warm… Just right Too cold… 



Wenger et al., In Preparation 

Preliminary Results… 

NorWeST Stream Temperature (S1) 

Sculpin spp. 
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Tailed frog   

Spotted frog 

~20,000 fish 
surveys 

Pearlshell mussell 



Clearwater Stream Temperature Scenario 

Temperature (°C) 

Historic (1993-2011 Average August) 

Clearwater R. 

Salmon R. 

1 kilometer 
resolution 



Climate Effects on Cutthroat Thermal Habitat 

Too Hot 

Suitable 

Historic (1993-2011 Average August) 

Clearwater R. 

Salmon R. 

Too Cold 

<17.0˚C & >11.0 ˚C 



Climate Effects on Cutthroat Thermal Habitat 

Clearwater R. 

Salmon R. 

+1.50˚C Stream Temp (~2040s) 

Too Hot 

Suitable 

Too Cold 

<17.0˚C & >11.0 ˚C 



Climate Effects on Cutthroat Thermal Habitat 

Clearwater R. 

Salmon R. 

+3.00˚C Stream Temp (~2080s) 

Too Hot 

Suitable 

Too Cold 

<17.0˚C & >11.0 ˚C 



Climate Effects on Bull Trout Thermal Habitat 

Unsuitable 

Suitable 

Historic (1993-2011 Average August) 

Clearwater R. 

Salmon R. 

< 11.0˚C 



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

Clearwater R. 

Salmon R. 

Unsuitable 

Suitable 

< 11.0˚C 



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

Clearwater R. 

Salmon R. 

Unsuitable 

Suitable 

< 11.0˚C 



Climate-Smart Prioritization of Habitat 
Restoration 

•Maintaining/restoring flow… 
•Maintaining/restoring riparian… 
•Restoring channel form/function… 
•Prescribed burns limit wildfire risks… 
•Non-native species control… 
•Improve/impede fish passage… 

Lots of things we can do… 

Low 
Priority 

High 
Priority 



Mountains of Data Could be Mined 
for Valuable “Information” 

Water 
Quality 

Temperature Discharge – USGS NWIS 

(Olsen & Hawkins 2010) 

Species 
distributions 

(Wenger et al. 2011) 

We’ve spent 10’s/100’s millions $ 
collecting stream data in previous 
decades, but are only scratching 

surface of information from those 
data. 

Genetic 
Samples 



Mountains of Data Could be Mined 
for Valuable “Information” 

Water 
Quality 

Temperature Discharge – USGS NWIS 

(Olsen & Hawkins 2010) 

Species 
distributions 

(Wenger et al. 2011) 

Free 
millions! 

Free 
millions! 

Free 
millions! 

Free 
millions! 

We’ve spent 10’s/100’s millions $ 
collecting stream data in previous 
decades, but are only scratching 

surface of information from those 
data. 

Genetic 
Samples 



The BLOB Had a Dream… 

2,500,000 stream kilometers nationally 

“What if I could eat 
data everywhere?” 



The BLOB Had a Dream… 

2,500,000 stream kilometers nationally 

“What if I could eat 
data everywhere?” 



The National Stream Internet Project 
 An analytical framework for creating new information 

from old data on stream networks  

 

 

 

Dan Isaak, Erin Peterson, Dave Nagel, Jay Ver Hoef, Jeff Kershner 

BIG DATA =  

 BIG POSSIBILITIES 



A network of people, data, digital information systems & 
analytical techniques that interact synergistically to create & 
transmit massive amounts of “information” 

Data (what’s being 
“clicked” on?) 

Google Servers & Databases 

Geospatial technologies Add 
“infrastructure” as fourth piece 
down here digital cables = 
NHDPlus 

What’s a Stream Internet? 

People on landscapes 
collecting data using 
standard protocols 

Corporate databases & 
institutional memory  

Search algorithms find signal in noise 
 (information from data) 

New stream analyses & 
research activities 

So we need a technology that empowers 
us to create/transmit good information 
through time/space 



Stream Internet Project Objectives 

Projects like 
NorWeST done 
routinely & 
incentives exist 
for database 
aggregation 

Compatibility among key digital stream geospatial products 

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

2) Update STARS stream analysis tools to ArcMap 10.2 

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



Step 1. Develop a Stream Database… 

 - 

Genetic 
Attributes Water Quality 

Parameters 

Distribution & abundance 

Anywhere in the country… 

Stream 
Temperature 

Using the Stream Internet is Easy… 
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Drainage 
Area 

Distance 

Slope 

Precipitation 

Cooter et al. 2010. A nationally consistent NHDPlus framework for identifying interstate 
 waters: Implications for integrated assessments and interjurisdictional TMDLs. 
 Environmental Management 46:510-524. 

Nationally consistent geospatial stream database 
 

NHDPlus Stream Hydrography 

Reach 
Descriptors: 
• Elevation 
• Slope 
• %Landuse 
• Precipitation 

100’s more… 
 

Wang et al. 2011. A Hierarchical Spatial Framework and Database for the National River 
 Fish Habitat Condition Assessment. Fisheries 36:436-449. 

Step 2. Link to NHDPlus Streams 
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Drainage 
Area 

Distance 

Slope 

Precipitation 

Cooter et al. 2010. A nationally consistent NHDPlus framework for identifying interstate 
 waters: Implications for integrated assessments and interjurisdictional TMDLs. 
 Environmental Management 46:510-524. 

Nationally consistent geospatial stream database 
 

NHDPlus Stream Hydrography 

Reach 
Descriptors: 
• Elevation 
• Slope 
• %Landuse 
• Precipitation 

100’s more… 
 

Wang et al. 2011. A Hierarchical Spatial Framework and Database for the National River 
 Fish Habitat Condition Assessment. Fisheries 36:436-449. 

All 
2,500,000 

stream 
kilometers 

Step 2. Link to NHDPlus Streams 



Step 3. Stream Statistical Analysis 
SSN/STARS Website – Free Software 

Google “SSN/STARS” 

• Software 
• Example Datasets 
• Documentation 

Spatial Stream 
Networks (SSN) 
Package for R 

Free Stream 
Software, Example 
Datasets, & 
Extensive 
Documentation 



An InterNet Requires a User Community 
 Rapidly Developing at Grassroots Level 

Locations of visits to SSN/STARS website in last month 

>14,000 Visits to SSN/STARS 
 website in first year 
>500 software downloads 



3 day workshop 
1st day: overview of spatial stream 
models (webinar) 
 

2nd/3rd days: work 1-on-1 with 
Jay/Erin to model your data 
 

Attendees (15 people); 1st day 
webinar viewers (unlimited) 

2nd Annual Stream Statistics Training 
Workshop in Boise   May 15 – 17 

 >100 Participants from U.S. & 1 from Egypt! 

Idaho Water Center 

If Interested, contact Dan Isaak 
(disaak@fs.fed.us) or go to the 

SSN/STARS website for 
registration details 

mailto:disaak@fs.fed.us


New relationships 
described 

Old relationships tested 

Predictor 

R
e
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o
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Refined Rejected 

A New Era of Better Prediction & 
 Understanding for Stream Things… 



More Pressure, Fewer Resources 

Shrinking 
Budgets 

Climate Change 

Need to do more 
with less 

Urbanization & 
Population Growth 



Shrinking 
Budgets 

More With Less, but What If… 

Climate Change 

   It was Massively More? 
Urbanization & 
Population Growth 



Additional Resources… 
Websites (Google Search On…) 
 1) SSN/STARS – statistical modeling of data  
   on networks 
 2) NorWeST – regional stream temperature  
   database & climate scenarios 
 3) Stream Temperature Modeling & Monitoring 

Publications… 

Software… 

Data… 



X
 

stream 
C u  on … 


