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Overview

1. What are SSN models?

2. How are they used?

3. What are their limitations?

4. What data is required?

5. What software is needed?
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General Linear Models Generalized Linear models Generalized linear mixed models

Simple regression
ANOVA
T-test

Logistic regression
Poisson regression

“Mixed effects models”
SSN

(Normal Distribution) (Other Distributions) (+ random effects)
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Autocovariance 
Spatial distance/proximity

Peterson & Ver Hoef 2010 Ecology



Autocovariance 
functions
Function Types

• Tail-up

• Tail-down

• Euclidean

Function Shapes

• exponential

• Gaussian

• linear-sill

• mariah

• spherical
Peterson & Ver Hoef 2010 Ecology



1. What are SSN models1?

• Statistical model

• Generalized Linear Mixed Model

• For dendritic networks

• ADDRESS AUTOCORRELATION!

• Inter-/extrapolated predictions (status maps)

1 Peterson & Ver Hoef 2010 Ecology



2. How are SSN models used?

• Temperature – NorWeST – Isaak et al. 2017 WRR
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• Baseflow source water – Segura et al. 2019 WRR



2. How are SSN models used?

• Nutrients – Scown et al. 2017 JAWRA



2. How are SSN models used?

• Population estimates 
• Survey data – continuous or pres./abs.

• eDNA  … forthcoming!

Isaak et al. 2017 CJFAS

Filipe et al. 2017 Biological Invasions



3. SSN model limitations…

• Perfectly dendritic network

• Need fair bit of observed data (n ~ 50)

• Covariate data at same spatiotemporal resolution

• Only as good as the data put into them 



4. Data for SSN models

Three (or four) generic requirements

1. Observation data (e.g. temperature, nutrients)

2. Covariate data (e.g. precipitation, discharge)

3. SSN-conditioned stream network

4. Prediction data

Usually your own data (Observed N ~ 50)

Can come from a variety of sources

Variety of good pre-conditioned data sets available

Just covariate data, but at new sites w/in study area



4. Data for SSN models

Four great sources to get started quickly

1. NorWeST 

2. StreamCat

3. NHDPlus

4. National Stream Internet



4. Data for SSN models

https://www.fs.fed.us/rm/boise/AW
AE/projects/NorWeST/StreamTempe
ratureDataSummaries.shtml

https://www.fs.fed.us/rm/boise/AWAE/projects/NorWeST/StreamTemperatureDataSummaries.shtml


4. Data for SSN models

https://www.epa.gov/
national-aquatic-
resource-
surveys/streamcat

https://www.epa.gov/national-aquatic-resource-surveys/streamcat


4. Data for SSN models

http://www.hor
izon-
systems.com/N
HDPlus/NHDPlu
sV2_home.php

http://www.horizon-systems.com/NHDPlus/NHDPlusV2_home.php


4. Data for SSN models

https://www.fs.fed.us/rm/bo
ise/AWAE/projects/NationalS
treamInternet/NSI_network.
html

https://www.fs.fed.us/rm/boise/AWAE/projects/NationalStreamInternet/NSI_network.html


5. Software for SSN models

1. STARS (an ArcGIS toolbox)
• Verifies the stream network for SSN models

• Adds observation and prediction site locations

• Builds SSN object to import in R

2. R and “SSN” package
• Fits SSN models

• Provides diagnostic tests to evaluate SSN models

Downloads and tutorials available here:

https://www.fs.fed.us/rm/boise/AWAE/projects/SSN_STARS/software_data.html

https://www.fs.fed.us/rm/boise/AWAE/projects/SSN_STARS/software_data.html


Building SSN models flow chart

2. Find covariate data to explain observed data
(StreamCat, NHDPlus attributes, Spatial data, NorWeST)

3. Find or generate your conditioned stream network
(National Stream Internet, NHDPlus, NorWeST)

Observed 
data

Covariate 
data

Stream 
Network

STARS pre-
processing

Fit SSN 
models in R

1. Find and summarize your observed data

4. Build the SSN object with observed/prediction
data and conditioned stream network

5. Fit SSN models in R using “SSN” package
and generate predictions for status maps.



Recap

1. What are SSN models?

2. How are they used?

3. What are their limitations?

4. What data is required?

5. What software is needed?



Questions?


