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YOU CAN’T MANAGE WHAT YOU DON’T MEASURE!
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Evolution of CVPIA Habitat Modeling 
Data
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WAY OFF
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Future CVPIA Habitat Modeling Approach - Pros / Cons

High resolution

Standard tools

High cost

Limited coverage (spatial and temporal)

Typically 5-10 years (if ever) between updates for a given 
watershed!



HabiStat -
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Habistat - Filling in the Habitat 
Modeling Gaps



Background: Within the Central Valley of 
California, there is limited consistent, 
interoperable, and easily updated habitat data

Objectives: 

1) Predict suitable habitat area-to-flow 
relationships for salmonid spawning and 
rearing for all runs* using existing 
hydraulic models and reach-level 
geophysical characteristics

2) Develop a data pipeline that allows for 
updating predictions as new models are 
developed 

*Currently focusing on Fall Run Chinook spawning and 
rearing



Methods





Habitat suitability calculated using depth and velocity results from the 
following hydraulic models at a series of flows:

● Deer Creek (Delaney Slough to Sacramento River)
● Tuolumne River (Basso-La Grange reach)
● Stanislaus River (Knights’ Ferry to San Joaquin River)
● Yuba River (Englebright Dam to Feather River)
● Mokelumne River (Camanche Dam to Woodbridge)

At each flow, fall run chinook habitat suitability indices are applied 
and totalled within each NHD reach and its adjacent floodplain:

Training Data: Hydraulic Model Streams

30

Depth Velocity Suitability

Deer Creek

Yuba River

Stanislaus River

Mokelumne River

Tuolumne River



Training Data: Predictor Variables

All predictor variables are at the NHD ComID reach scale 
and expressed as interaction terms with flow.

● Channel 
characteristics

slope, sinuosity, bankfull depth, width:depth ratio

● Reach 
characteristics

baseflow index, % clay, % sand, permeability, depth to bedrock, local 
precipitation, local NDVI

● Drainage basin 
characteristics

area, mean elevation, mean annual precipitation, mean slope, mean 
erodibility (K factor)

● Channel 
confinement

valley bottom width, valley:channel width ratio, levee confinement, 
topographic position index (TPI)

● Flow statistics dry season baseflow, wet season baseflow, mean annual flow, mean 
annual velocity,  2-year flow, 5-year flow, 10-year flow

● Classifications UC Davis hydrologic class (e.g snowmelt, mixed rainfall-snowmelt, 
etc.);HQT gradient class: valley lowland vs valley foothill vs bedrock 
(above valley foothill) 

Principal Components Analysis



Random Forest Regression Model

● Ensemble learning method that fits and combines multiple random decision trees
● Accounts for complex interactions and non-linear effects
● Split reaches 80% training/validation (tune model parameters using 10-fold cross-validation) and 20% 

testing
Geographic scope:

Suitable 
Habitat 
ft2/ft

Flow (cfs)

Predictor Variables × Flow

Suitable 
Habitat Area

Decision 
Trees

Output for each reach:Random Forest model:

RMSE 
Optimization



Inundation Duration Criteria

Process:
Example:



Preliminary Results



Output Flow-to-Habitat Area Predictions

Flow:Habitat Curves for Each Reach, Stream, and Watershed

Interactive Web App for Data Access (under development)Habitat Area Predictions at Each Flow



What’s Next?

Now: 

● Call for hydraulic models as training 
data (currently have Stanislaus 
River, Deer Creek, and Yuba River, 
Tuolumne River, Mokelumne River)

● Continued model validation 
(compare against mapped habitat 
extents; work with local salmonid 
habitat experts to sanity-check 
predictions)

Next 3-6 months: Input and process 
feedback 

Early 2025: Sharing of results and data 
through an R package and documentation 



For more information

Github: https://github.com/FlowWest/swc-habitat-suitability

Contact Information

● Maddee Rubenson mrubenson@flowwest.com
● Skyler Lewis slewis@flowwest.com

https://github.com/FlowWest/swc-habitat-suitability
mailto:mrubenson@flowwest.com
mailto:slewis@flowwest.com


Questions?



Why is Habitat Modeling Important to CVPIA?

Section 3406(b)(1) of the CVPIA directs the Secretary of the 
Interior to “…implement a program which makes all reasonable 
efforts to ensure that, by the year 2002, natural production of 
anadromous fish in Central Valley rivers and streams will be 
sustainable, on a long-term basis, at levels not less than twice the 
average levels attained during the period of 1967-1991.”  The CVPIA 
defines natural production as “fish produced to adulthood without 
direct human intervention in the spawning, rearing, or migration 
processes.”



Topics 

Why is habitat important to CVPIA?

Why is habitat important to the CVPIA DSM?

Why is CVPIA habitat modeling important to California?

Initial (~2015) CVPIA habitat modeling “data”

Current CVPIA habitat modeling data

Future CVPIA habitat modeling data

Full census example (Deer or Tuolumne) where feasible

Habistat approach to fill in the blanks in space and time

Questions? 
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