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Main Focus of Ecohydraulic Models → FISH
• Most ecohydraulic models focus on fish
• Some attempt to look at macroinvertebrates 

(e.g. Jorde et al.)

• Some look at amphibian habitat (e.g. Yarnell et al. 2010: 
DOI 10.1002/rra.1447)



Primary Types of Ecohydraulic Models

•Main Types
• Habitat suitability models
• Bioenergetics
• Agent Based Models

•Others:
• Population dynamics
• Stock recruitment
• Nutrient dynamics
• Individual-based ecological 

modeling



What is a Habitat Suitability Model?
• A model of suitability of habitat 

for specific species for either 
specific life-stages or functions

• Habitat is characterized by 
specific abiotic variables 

• ‘Model’ can be applied at a point 
or over regions (e.g.
cells/polygons) that have a unique 
combination of abiotic variables

• The ‘model’ can produce spatially 
variable results (e.g. in a GIS) 

• The ‘model’ can produce temporal 
dynamics, if you have time series 
of abiotic inputs…

From LeClerc 2005
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Informal Quiz

1. What are these acronyms for?
1. HPC
2. HSC
3. HSI 
4. HUC

2. Do HPC ≈ HSC ≈ HSI ≈ HUC ?



Some Common But Confusing Terms
• Is it a habitat suitability curve, habitat preference curve, habitat 

utilization curve, habitat availability curve or habitat suitability 
index?

HUC

HSC

HSI

HPC

• A HPC can be used for a HSC
• A HUC can be used for a HSC
• HSCs of different abiotic variables are 

combined to form a HSI

From LeClerc 2005 (Chapter)

HAC



So about that HSC…
• Habitat suitability curve classification…
• Once I got one… can I use it everywhere?

https://pubs.er.usgs.gov/publication/ofr2001340

https://pubs.er.usgs.gov/publication/ofr2001340


From the Literature…
• CAT I
• Lots of existing stuff out there (both HSCs 

and HSIs)

HSC



From the field… (cat II or III)
• Make measurements of the abiotic 

variable of interest where you see the 
fish

• Make histogram… Fit curve..
• Do inventory of all available habitat (turn 

into frequency of fish presence)
• Divide to get normalized preference



Why do I care about availability?
• If I just want a HSC, surely I could just use a HUC?
• Except… if I have a whole bunch of one type of 

habitat, it might artificially appear preferable 



How do I go from histogram to curve?

• Convert histogram values to points…
• Normalize count to 0 to 1 scale
• Then fit some horrible higher order  

polynomial curve…

y = 0.0261x6 - 0.3605x5 + 1.8821x4 - 4.4422x3 + 4.1376x2 - 0.3702x + 
0.0497

R² = 0.9924
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How do I go from HSCs to HSI?
This is the abiotic input

HSC HSI

This is the empirical biotic input
This is the 
ecohydraulic
‘model’

• Most common HSI is geometric mean… 
• You can also weight individual HSCs

Product

Minimum

Arithmetic 
Mean

Geometric 
Mean



Plug & chug… HSI is deterministic
• You use the same HSI for 

every cell or node
• Each node will have 

different abiotic input
• Thus you get a spatially 

variable output…

Do I need to have a 
‘model’ of 

morphology/hydraulics 
to use HSI?
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PHABSIM… 
• Physical Habitat Simulation 

Software
• Technique developed in mid 1970s
• Most widely used ecohydraulic

model
• This is an HSC technique… Can be 

applied in 1D, 2D or 3D

Bovee KD and Milhous R. 1978. Hydraulic simulation in instream flow studies: theory and techniques. Instream Flow Information Paper 5. 
FWS/OBS-78/33, U. S. Fish and Wildlife Service, Fort Colins, CO, 156 pp. Available at: 



PHABSIM for DOS -> WINDOWS!
• Driven by a 1D Hydraulic Model



Which hydraulic model?
• So these are models for what type of 

flow type?



PHABSIM HSI called Ci

• Composite Suitability for Cell I
• What does this calculation represent?



Weighted Useable Area

• A Ci is just at one flow… 



IFIM
• Instream Flow Incremental Methodology
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How many transects needed?

• To be accurate, what 
transect spacing should we 
have?

From Payne et al. (2004): DOI: 10.151/hydro:2004003



Mid 90’s… people started saying

• 1D is not realistic



Ecohydraulic Models Driven by 2D CFD

• What if we use same ecohydraulic
model, but drive it by a 
multidimensional hydraulic simulation?
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Crowder & Diplas (2000) Argument
2D Models are Appropriate for Capturing Ecologically Significant Patterns

But they should be validated 
and/or verified?

How do you do that?
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WUA for a range of species & LS
• You can look at this and 

if you’re a flow manager 
what would you do?

• Is this right?

Cool, I don’t ever 
have to turn the Q 

above or below 
this?

Qmin

From Doyle et al. (2010) 
DOI: 10.1029/2005WR004222



Habitat Time Series

• If you’ve got actual 
hydrograph, you can run 
a habitat time series (i.e.
hydrodynamics)

• With a habitat time series, 
you can derive a habitat 
duration curve..



Same Place… Different  Configurations

• Use range of different design 
scenarios to test design 
hypotheses under a range of 
conditions

• Physically different designs
• Different scenarios of forcing 

conditions

• Project ‘outcome’ IS NOT likely to 
be static

• Design for dynamic outcome 
relative to magnitude of dynamics 
(i.e. variability) of system

From Wheaton, Pasternack and Merz (2004)



Different Designs – Different Hypotheses

Broad Flat Riffle

Alternate Bar

Complex 
Central Bar

From Wheaton, Pasternack and Merz (2004)



Model Outcome – Is It Right?

ID Discretisation Process laws Parameterisation

1 Y Y Y

2 N N N

3 Y Y N

4 Y N N

5 Y N Y

6 N Y N

7 N Y Y

8 N N Y

MODEL STATE MATRIX OUTCOMES
Replicates
Reality?

Y

Y or N

Can only replicate 
reality

TYPE I

Replicates reality 
incorrectly

TYPE II
OR

Correctly does not 
replicate reality 
(but it might 
approximate it)

TYPE III
OR

Incorrectly does not replicate reality.
TYPE IVOR

Table from Steve Darby



Model Might Perform Poorly…

HSC

HSC explain 59% of variability 
(Knapp & Preisler, 1999) 



IS Heterogeneity Important To A Spawning 
Female Salmon?

Habitat Heterogeneity is usually assumed to support 
species diversity (assumed to be good). 

What are specific ecological benefits of habitat heterogeneity to 
spawning salmonids?



Habitat Utilization Evidence

• How many spawners actually utilize these 
features? (i.e. are individual redds in close 
proximity to distinct units?)

• Assume individual redds in close proximity 
equals utilization 

• (supported by anecdotal evidence from over 10 years of weekly 
redd surveys and spawning observations)

From Wheaton, Pasternack and Merz (2004)



Availability MATTERS

1. How many distinct units (counts) and what size are they (area)?

2. Are distinct units in close (1-10 m) proximity to “good” spawning habitat?

• Too small? → Not usable, or too patchy.
• Too big? → Homogenous



Defining Habitat Heterogeneity Elements
Data Feature: Data Source: Attributed to:

Spawning Habitat 
Suitability

GHSI: 2D CFD 
model

Velocity & Depth 
HSC

Shear Zones (2D) 2D CFD model & 
or field obs.

• Irregular Banks
• LWD
• Boulders
• Bed Forms

Structural Cover Topographic 
Survey & Field 
Mapping

• Bank Vegetation
• LWD
• Boulders
• Deep Pools
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Weaknesses of HSI Based Models

• Habitat requirements described by precise functions (even though 
observations are rather imprecise)

• Independence of habitat parameters is assumed
• New parameters difficult to incorporate (i.e. other then velocity, depth 

substrate)
• Lots of field data needed (i.e. HSC from HUC & HAC)
• HSC are site specific….

From Klause Jorde (2003) 
Lecture Notes
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