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Rivers with many habitats 2

→Variability

→Spatial heterogenety

→Dynamics

→Many niches for different species
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Rivers as one habitat 3
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e.g. because of: 

diversion

water transfer

water storage

Flow regime

How to describe these effects in a quantitative way ? → 

Ecohydraulic approach

„dry“ year
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Neuhausen Rheinau
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Rivers as reduced habitat
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Habitat suitability modeling

Habitat suitability modeling (also species distribution modeling) is a method for 

predicting the suitability of a location for a species, or a group of species, 

and relating it to their probability of occurrence.

Note!

In the following:

Term „Habitat modelling“ used for Habitat suitability modeling

Definitions

http://www.sjeweb.de/


Ecohydraulic Engineering GmbH, Dilleniusstrasse 13, 71522 Backnang, Germany
www.sjeweb.de

www.sjeweb.de schneider@sjeweb.de

Definitions

• Physical Patterns in Natural 

Systems

• Hydraulics: 1,2,3-D modelling, 

transient flow

• Sediments: Erosion, Deposition

• Suspended Materials

• Dissolved Substances

• Mixing Processes

• Stratified Flow

→ Changes in flow character, refuge 

habitats

→ Increase in embeddedness

→ Turbidity and biologic processes

→ Water quality

→ Biologic activity, reduction 

→ Temperature, oxygen balance

•  

•  

Effects on ecology not necessarily 

integrated, but often estimated by 

expert judgement in a more or less 

qualitative way

Environmental 

hydraulics

http://www.sjeweb.de/
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Ecohydraulics

The term “Ecohydraulics” has been used to describe the interactions and 

linkages between 

a) hydraulic and other physical processes including transport of sediments as 

well as disper-sive processes of solid or solute substances and 

fluviomorphologic processes in natural systems on one side and 

b) the riverine (including terrestric, semiaquatic and aquatic) biocenoses on the 

other side. 

Definitions

http://www.sjeweb.de/
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Ecohydraulics

Definitions

→ Ecological Reaction

→ Habitat demands

→ Life cycle information

→ Interaction biotic - abiotic

• Interfaces physics → biology  

• Physical Patterns in Natural 

Systems

• Hydraulics: 1,2,3-D modelling, 

transient flow

• Sediments: Erosion, Deposition

• Suspended Materials

• Dissolved Substances

•

•

Effects on ecology are part of the 

concept, interfaces are often 

integrated, quantitative 

information on ecology as goal

http://www.sjeweb.de/
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Rivers as habitat 9

• Impact assessment ?

Habitat is more than

• Minimum depth in pessimum cross section

• Minimum flow velocity in pools

• a continuous migration path

• a minimum wetted surface

http://www.sjeweb.de/
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Ecohydraulics 10

• Ecohydraulics govern evolution of fish

– Morphology

– Behaviour

– Competition - Niches

– Life Cycle Strategies

Organisms are adapted to specific physical conditions

http://www.sjeweb.de/
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- Barbel adult and spawning

spawning,  n = 1758

adult,  n = 2276

Depth averaged flow velocity [m/s]

Habitat Requirements (suitability, preference) 11

http://www.sjeweb.de/
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Motivation for Habitat modelling 12

Habitat modelling Prediction of effects on fish, invertebrates 

and macrophytes caused by changes in 

hydraulics and morphology

• Conventional methods for ecological assessment mostly concentrated 

on Status Quo 

• Without modelling predictions in a qualitative way, quantitative 

investigations of scenarios hard to perform

• Without modelling effects of flow and morphological modifications 

difficult to estimate 

• Predictions of long term effects without models not feasible besides 

rough estimations

Ecological assessment

http://www.sjeweb.de/
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Habitat modelling in different scales 13

Water depth

Flow vel

Substrate

adult

juvenil

Habitat model Suitability Index [-]:

Very high

low

medium

Microhabitat Mesohabitat Macrohabitat

Dimension cm to several m 10 m to several 100 m 100 m to several km

Parameters Local water depths, flow 
velocities, substrate

River width, depths, flow 
velocities, channel morphology

Temperature, physical channel 
characteristics, flow regime

Microhabitat, local

http://www.sjeweb.de/
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Habitat modelling in different scales 14

Habitat model

Microhabitat Mesohabitat Macrohabitat

Dimension cm to several m 10 m to several 100 m 100 m to several km

Parameters Local water depths, flow 
velocities, substrate

River width, depths, flow 
velocities, channel morphology

Temperature, physical channel 
characteristics, flow regime

Macrohabitat, regional

categories

Parameters

Habitat suitability

http://www.sjeweb.de/
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Application examples 

Motivation for habitat modelling 15
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• Problem 

Assessment of minimum flow for 

diversion HPP

 around 5500 HPP in Germany

→nearly all rivers are affected in 

their ecological functions by 

 hydropower

• used methods

 Formulas derived by flow statistics 

(e.g. 1/3 MALF)

 Morphohydraulic thresholds (e.g. 

Minimum flow velocitiy, minimum 

water depth)

 Habitat modelling for decision 

support

Diversion HPP

16Application EFlow
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MALF-approach (Hydrological statistics)

17Applications
F
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Water depth as criterion

Application EFlow 18
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19

Flow velocity criterion

Application EFlow

http://www.sjeweb.de/
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20

Habitat suitability as criterion

Application EFlow

Question:

Why is suitability 

decreasing with high 

flows ?

Question:

Why is suitability even 

becoming lower for a 

flow around MAF?

http://www.sjeweb.de/
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adult subadult juvenil Brut Laich

Abfluss mit maximalem WUA ~ 9000 l/s ~ 7000 l/s ~ 3000 l/s ~ 500 l/s ~ 9000 l/s

Abfluss mit 50% des max WUA ~ 1800 l/s ~ 1800 l/s ~ 1000 l/s ~ 500 l/s ~ 3000 l/s

21

Habitat availability as criterion

Application EFlow
Question:

Why is WUA for larvae almost zero 

for higher flows?

http://www.sjeweb.de/
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Grayling adult (Thymallus thymallus) and  spawning,  proportions of  

habitat  suitability in m²

From around 2 m³/s on: first small areas 

of high suitability (SI>0,6)

For  3,5 m³/s: maximum of highly 

suitable spawning areas  

22

Habitat suitability classes as criterion

Applications

http://www.sjeweb.de/
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Period Minimum flow

1. Jan - 29. Feb 3,0 m³/s

1. Mar - 30. Apr 3,5 m³/s

1. May- 31.Oct 1,8 m³/s

1.Nov - 31. Jan 3.0 m³/s

23

Seasonally adapted minimum flow

Application Eflow

Question: What is missing in this flow regulation ?

http://www.sjeweb.de/
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Q = 10 m³/s
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Sohle Status Quo Stauziel alt Stauziel alt +0.5 m  Stauziel alt +1.0 m  

Im Status Quo freifließender lotischer Streckenabschnitt

Stauwurzel im Bereich 

des Absturzes

Profiles of impounded stretch for different headwater levels

24Application Weir operation
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Morphologisch veränderte Situation   

Äsche, adult   

900 l/s 

 

1700 l/s 

 

2200 l/s 

 

2700 l/s 

 

 

 

Habitateignung 

300 l/s 

 

900 l/s 

 

1700 l/s 

 

2700 l/s 

 

 

25Application River Restoration
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Niffer with gravel added„Niffer“ present state

26
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Jan      Feb      Mar      Apr      May     Jun       Jul      Aug      Sep      Oct     Nov     Dez

150 m³/s

100 m³/s

50 m³/s

„Niffer“ with gravel added„Niffer“ present state

27
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Application Weir operation
HPP Rheinau (CH)

Construction 1952 to 1957

Head  10,5 m

Design flow 400 m³/s

Turbines  2 Kaplan

Capacity  36 MW

Energy  237 Mio. KWh / year

→ 52.000 Households

http://www.sjeweb.de/
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Application Weir operation

1945 2001

Once and now

http://www.sjeweb.de/


Ecohydraulic Engineering GmbH, Dilleniusstrasse 13, 71522 Backnang, Germany
www.sjeweb.de

www.sjeweb.de schneider@sjeweb.de

Application Weir operation

Fish population
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Application Weir operation

Operation

scenarios Status Quo:

weirs on high level

Scenario 1:

Weirs half lowered

Scenario 2:

Weirs totally lowered

http://www.sjeweb.de/
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Application Weir operation

Water depth

Comparison of scenarios

http://www.sjeweb.de/
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Application Weir operation

Comparison of scenarios

>

Flow velocity

http://www.sjeweb.de/
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Application Weir operation

Habitat suitability grayling juvenile

Comparison of scenarios

http://www.sjeweb.de/
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Application Weir operation

Comparison of scenarios

Habitat suitability nase adult

http://www.sjeweb.de/
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Application Flood defense and impact

Aare river in Thun (CH)

• 25% of all stocked grayling in Switzerland is from Aare in Thun

• In Aare river of Thun grayling spawning areas of national importance

Motivation

Flood event in May 1999 

causing large damages 

in city of Thun

http://www.sjeweb.de/
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Application Flood defense and impact

Mapping of spawning areas

Water depth  0,2 up to 2,8 m

Flow velocity 0,1 up to 0,5 m/s

Grain size fine gravel up to coarse gravel

0.00
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Aare gesamt stand. Laichplätze stand. Präferenz stand.
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Application Flood defense and impact

Substrate composition

Organisch

Schluf f /  Schlamm

Sand

100_0_0

80_20_0

70_30_0

60_20_20

50_40_10

40_60_0

40_50_10

30_60_10

20_60_20

10_60_30

0_60_40

30_0_70

5_15_80

Example:

40_50_10

= 40% fine gravel

   50 % gravel

   10% coarse gravel

http://www.sjeweb.de/
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Application Flood defense and impact

Simulations

Excavation scenarios

• Sc.2 partial

FEM-grid

• 2D-model

• Calculations for 

different scenarios and 

flow rates

Bound. conditions

• Gauge downstream

• Lake water level

• Sc.3 continous

http://www.sjeweb.de/
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Application Flood defense and impact

Scenario results, spawning suitablity grayling

http://www.sjeweb.de/
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• Allowable flow diversion and setting of E Flow

• River Restoration

• Water management, operation of hydraulic 

installations (e.g. weirs)

Application areas of habitat modelling

http://www.sjeweb.de/
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Software CASiMiR

www.casimir-software.de

- Free demoversion and 

handbook available for 

download

- Online and presence in-person 

courses for habitat modelling 

bookable on demand

- Free full software versions for 

educational institutions (intro 

course in mandatory)

http://www.sjeweb.de/
http://www.casimir-software.de/
http://www.casimir-software.de/
http://www.casimir-software.de/
http://www.casimir-software.de/
http://www.casimir-software.de/
http://www.casimir-software.de/
http://www.casimir-software.de/
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