
1990’s 

Space…The final stream frontier 



Spatial Statistical Models 
   for Stream Networks! 

Revolutionaries! 



…& are significantly better mousetraps 

Spatial Statistical Network Models 
 Work the Way that Streams Do… 

…& represent changes in 
attributes that occur at 
tributary confluences 

Portray spatial differences in prediction 
precision related to the amount of local 
empirical support… 

SO4 level 



Spatial Statistical Models are Dot Connectors 

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

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

Valid interpolation on networks—finally!  



Stop Viewing Streams as Dots 



Stop Viewing Streams as Dots 



Good Maps Significantly Reduce Uncertainty 

“Smart” Maps Developed 
from Data to Show 
Resource Status & Guide 
Efficient Monitoring Design 

There’s an inefficient 
army running around… 



Harnessing Existing Databases 
 Water Quality/Chemistry Information 
  (Nitrates, alkalinity, ph, DOC, conductivity, etc.) 

Pont et al. 2009. EPA EMAP 

Gardner &  
 McGlynn 2009 

Peterson et al. 2006 

USGS, unpublished 



Harnessing Existing Databases 
 Stream Temperature Information 

B. Roper, USFS, unpublished data. 

USFS PIBO 
  data (n ~ 3000) 

Boise River 
    (n ~ 1,000) 

Greater 
Yellowstone Area 

Eastern Brook Trout 
Temp Sensor (n ~ 200) 



Boise basin fish 
 database (n ~ 2,000) 
 

Cutthroat Trout 
Fish database (n ~ 10,000) 

Harnessing Existing Databases 
 Distribution & abundance of critters 

USFS PIBO – 
Macroinvertebrates (n ~ 2,500) 
 



DNA Barcoding… 

Lots of genetic data coming… 

•Inexpensive SNP 
technology ($5/fish) 

•Maps of genetic 
diversity 

•New species 
descriptions 

Tissue 
samples 

Regional 
biodiversity 

surveys 



Boise River Application to Develop a 
River Network Temperature Model 

Dan Isaak, Charlie Luce, Bruce Rieman, 

Dave Nagel, Erin Peterson1, Dona Horan, 

Sharon Parkes, and Gwynne Chandler 

 

Boise Aquatic Sciences Lab 

U.S. Forest Service 

Rocky Mountain Research Station 

Boise, ID 83702 
 

1CSIRO Mathematical and Information Sciences 

Indooroopilly, Queensland, Australia 



Stream Temperature Database 
14 year period (1993 – 2006) 
780 observations 
518 unique locations 

Watershed Characteristics 
Elevation range 900 – 3300 m 
Fish bearing streams ~2,500 km 
Watershed area = 6,900 km2 

Boise River Temperature Database 



Training on left                        2007 validation on right

y = 0.68x + 3.82
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Replace with validation 
Data from 2007

r2 = 0.68; RMSE = 1.54°C 
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Replace with validation 
Data from 2007

r2 = 0.93; RMSE = 0.74°C 

Spatial  
Multiple Regression Model 

Non-spatial 
Multiple Regression 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 

Boise River Temperature Models 



2006 Mean Summer Temperatures 

Temperature (
 

C) 

Application: River Temperature Status Map 
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Recent Wildfires 

14% burned during 93–06 study period 
30% burned from 92-08 

1946–2006 
-4.8%/decade 
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Change in Status Between Time 1 & 
Time 2 = Trend Assessment 

Study 
period 

Study 
period 

1976-2006 
+0.44°C/decade 



Application: Climate Change Assessment 
 Changes in Summer Temps (1993-2006) 

Temperature (
 

C) 
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Thermal Gain Map 

Isaak et al. 2010. Eco. Apps. 20:1350-1371 
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Application: Effects on Thermal Habitats 
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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 



93’-06’ Rainbow Trout Habitat Changes 
Habitat is shifting, but no net gain or loss 

Gain 
No change 
Loss 

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



Bull Trout Habitat Loses (1993-2006) 

No change 
Loss 

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

Application: Thermal Habitat Maps 

93’-06’ Bull Trout Habitat Changes 
Habitat is decreasing 8%-16% / decade 



Mapping Uncertainty 
 Temperature Prediction Precision 
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 Summer Stream Temperature 

Redundant 
information 

Too many… 

Too few… 

Just 
right 

Optimize Sampling… 

Application: Efficient Monitoring Designs 



Bear Valley Creek 
Mean Temperature 

Random 
Sampling 

Temperature (˚C) 

Application: Block-Kriging for Accurate 
 Estimates at User-Defined Scales 

Spatial estimates are often less 
biased and more precise 



Population Estimates for Aquatic Organisms 

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

Sample 
Reach 

Population 
Estimate 

How Many Fish 
Live Here? 

Application: Block-Kriging for Accurate 
 Estimates at User-Defined Scales 



Population Estimates for Aquatic Organisms 

How Many Fish 
Live Here? 

Block-Kriging for Stream & Basin-scale 
Population Estimates (Poisson link function) 

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

Population 
Estimate 



Population Estimates for Aquatic Organisms 

How Many Fish 
Live Here? 

Block-Kriging for Stream & Basin-scale 
Population Estimates (Poisson link function) 

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

Population 
Estimate 

• Terrestrial 
applications are 
common 

• Theory now exists 
for streams 



Wenger et al., in preparation 

Current & Future 
(2040/2080) 
Predictions 

Species-Specific 
Habitat Response 
Curves 

Fish survey 
database ~10,000 

Classification Accuracy  ~64% – 75% 

Application: Improved Species 
Distribution Models (binary link function) 



Computation Challenges: BIG DATA 
NCEAS - Lower Snake Hydrologic Region 

Peterson, Ver Hoef, and Isaak 2010 

•42,000 stream km 
•5,498 summers 
•1,667 temperature sites 
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Non-spatial Stream Temp = 
– 0.0041*Ele (m) 
- 13.9*Slope (%) 
+ 0.016*Wat_size (100km2) 
-0.0022*Ave_Precip 
– 0.041*Flow (m3/s) 
+ 0.42*AirMean (C) 
 
 
Spatial Stream Temp = 
– 0.0045*Ele (m) 
- 9.8*Slope (%) 
+ 0.012*Wat_size (100km2) 
- 0.00061*Ave_Precip 
– 0.037*Flow (m3/s) 
+ 0.46*AirMean (C) 
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r2 = 0.63; RMSE = 1.88°C 

Non-spatial 
Multiple Regression Model 

  b SE t Stat P-value 

Intercept 13.1 0.601 21.8 < 0.001 

ELEV_DEM -0.00405 5.88E-05 -68.8 < 0.001 

SLOPE -13.9 0.463 -30.1 < 0.001 

CUMDRAINAG 1.6E-05 9.53E-07 16.8 < 0.001 

AREAWTMAP -0.00219 8.65E-05 -25.4 < 0.001 

FlowCMS -0.041 0.003379 -12.1 < 0.001 

AirMEANc 0.421 0.028 15.0 < 0.001 

Mean Summer Temperature 

Observed (
 

C) 

Erin’s initial fits from 10/18/11 before outlier removal 
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Spatial  
Multiple Regression Model 

r2 = 0.93; RMSE = 0.82°C 

Lower Snake VHP Temperature Model 

n = 5,498 



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 



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

>60 agencies 
$10,000,000 



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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•Temperature site 

•4,487 August means 
•746 stream sites 
•19 summers (1993-2011) 

Example: Clearwater River Basin 
 Data extracted from NorWeST 

16,700 stream km 

Clearwater R. 



•Temperature site 

•4,487 August means 
•746 stream sites 
•19 summers (1993-2011) 

Example: Clearwater River Basin 
 Data extracted from NorWeST 

16,700 stream km 

Clearwater R. 
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Mean August Temperature 

Observed (
 

C) 

Spatial Model 

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

n = 4,487 
 

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

 RegCM3 NCEP reanalysis 
  Hostetler et al. 2011 



Example: SpoKoot River Basins 
 Data extracted from NorWeST 

•5,482 August means 
•2,185 stream sites 
•19 climate summers 

•Temperature site 

Flathead R. 

Bitteroot R. 

Kootenai R. 

55,000 stream km 



Example: SpoKoot River Basins 
 Data extracted from NorWeST 

•5,482 August means 
•2,185 stream sites 
•19 climate summers 

•Temperature site 

Flathead R. 

Bitteroot R. 

Kootenai R. 

55,000 stream km 
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Mean August Temperature 

Observed (
 

C) 

Spatial Model 

r2 = 0.90; RMSE = 0.97°C 

SpoKoot River Temp Model 

n = 5,482 
 

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

 RegCM3 NCEP reanalysis 
  Hostetler et al. 2011 
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Kriged Prediction Map of Climate Scenario 

1993-2011 mean August stream temperatures 

1 kilometer resolution 
55,000 stream kilometers 

Bitteroot R. 

Kootenai R. 

20x larger than 
original Boise model 



Regional fish survey 
databases (n = 10,000) 

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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Translating Stream Temperatures to 
 Consistent Thermal Niche Definitions 

Temperature (C) 



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 



Application: Quantify Thermal Degradation 
What is the thermal “intrinsic potential” of a stream? 

1) Pick “degraded” and “healthy” streams to compare 

“How much cooler could we make this stream?” 
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16



Bear Valley Creek 
Mean Temperature 

Precise & unbiased estimates 
Random 
Sampling 

Application: Quantify Thermal Degradation 
2) Block-krige estimates of temperature at desired scale 

Temperature (˚C) 



~2˚C cooling is possible 

Application: Quantify Thermal Degradation 

3) Compare estimates among streams 
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Block kriging 
Simple random 

Stream 



Spatial Models Enable “Crowd-Sourced” 
Science Because Autocorrelation is OK 

Data Collected by 
Local Bios & Hydros Coordinated, 

Interagency 
Responses? 

GCM 

Management 
Actions 

javascript:showVote(965);


New relationships 
described 

Old relationships tested 

Predictor 
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e
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Refined Rejected 

Better Understanding & Prediction 
from Stream Data 



Temp Model Non-spatial Spatial 
Boise basin  -0.0064 -0.0045 
Payette NF  -0.0036 -0.0034 
Lower Snake  -0.0041 -0.0045 

Elevation 
Parameters 
(°C / m) 

-0.0065

-0.0055

-0.0045

-0.0035

Non-spatial Spatial

E
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ti

on
 b
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+/- 1SE 

Are Some Streams More Sensitive 
to Climate Warming than Others? 
Not Nearly as Much as People Think… 



SSN/STARS Website 
FreeWare Tools, Example Datasets, & Applications 

Google “SSN/STARS” 

Analytical Stream 
Ecosystem is 

Growing 



User Community is Growing 
>5,000 Visits to SSN/STARS Website in last 7 months 

VHP models 

Global National 



User Community is Growing 
>5,000 Visits to SSN/STARS Website in last 7 months 

VHP models 

Global 



The End 


