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Rivers with many habitats

—> Variability
—> Spatial heterogenety
—> Dynamics

- Many niches for different species
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Rivers as one habitat ’
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Rivers as reduced habitat

e.g. because of:
Flow regime diversion
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How to describe these effects in a quantitative way ? -

I Ecohydraulic approach
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Definitions

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
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Definitions

Effects on ecology not necessarily

Environmental integrated, but often estimated by
hyd raulics expert judgement in a more or less
qualitative way
« Physical Patterns in Natural — Changes in flow character, refuge
Systems habitats

Increase in embeddedness
Turbidity and biologic processes
Water quality

Biologic activity, reduction
Temperature, oxygen balance

* Hydraulics: 1,2,3-D modelling,
transient flow

« Sediments: Erosion, Deposition
« Suspended Materials

* Dissolved Substances

* Mixing Processes

« Stratified Flow

IR
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Definitions

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.
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Definitions

Ecohydraulics

Effects on ecology are part of the
concept, interfaces are often
integrated, quantitative
information on ecology as goal

 Physical Patterns in Natural — Ecological Reaction
Systems | — Habitat demands
 Hydraulics: 1,2,3-D modelling, s Life cycle information

transient flow
« Sediments: Erosion, Deposition
« Suspended Materials
 Dissolved Substances

— Interaction biotic - abiotic

« Interfaces physics - biology
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Rivers as habitat

 Impact assessment ?

Habitat is more than

Minimum depth in pessimum cross section

*  Minimum flow velocity in pools
« acontinuous migration path

« a minimum wetted surface
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Ecohydraulics "

« Ecohydraulics govern evolution of fish
— Morphology
— Behaviour
— Competition - Niches
— Life Cycle Strategies

Organisms are adapted to specific physical conditions
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Habitat Requirements (suitability, preference)”

- Barbel adult and spawning

B spawning, n= 1758
adult, n=2276

- Mt
n
-
-
\
-
-

10 20 30 40 50 &0 70 80 90 100 110 120 130
Depth averaged flow velocity [m/s] s]
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Motivation for Habitat modelling 12

Ecological assessment

Habitat modelling ==p 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
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Habitat modelling in different scales

Microhabitat Mesohabitat Macrohabitat
Dimension cm to several m 10 m to several 100 m 100 m to several km
Parameters Local water depths, flow River width, depths, flow Temperature, physical channel
velocities, substrate velocities, channel morphology |characteristics, flow regime
Microhabitat, local Habitat model Suitability Index [-]:

- Very high
]

medium
]
- low

Water depth

Flow vel

juvenil

Substrate [/
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Habitat modelling in different scales e

Microhabitat Mesohabitat Macrohabitat
Dimension cm to several m 10 m to several 100 m 100 m to several km
Parameters Local water depths, flow River width, depths, flow Temperature, physical channel
velocities, substrate velocities, channel morphology |characteristics, flow regime
Macrohabitat, regional Habitat model Habitat suitability

categories

Ay
IO ORNDUHGN-

depth emb cov sub

100 0 100 200 Meters Vel
——

Parameters
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Motivation for habitat modelling 15

Application examples
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Application EFlow 16

Diversion HPP . Problem

Assessment of minimum flow for
diversion HPP

around 5500 HPP in Germany

—>nearly all rivers are affected in
their  ecological functions by

hydropower

e 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

www.sjeweb.de
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Applications 17
MALF-approach (Hydrological statistics)
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Application EFlow

Water depth as criterion

Grundri®: Tiefe - Lenne

‘w/assertiefe [m]

200,0m
|

0.00 005 010 015 020 025 030 035 040 045 050 055 060 065 070 075

1200 I/s

18
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Application EFlow 19

Flow velocity criterion

Grundri®: FlieBgeschwindigkeiten - Lenne 2000
g g Fliessgeschwindigkeit [més] 'm—|

000 005 010 015 020 025 030 035 040 045 050 055 060 065 0.70-

1900 I/s

9700 Ifs

1200 I/s
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Application EFlow 20

Habitat suitability as criterion

Eigrung [-]
0.00 010 0,20 0.30 0.40 0.50 060 070 0,80 10,90

19001fs

9700 I/s

Question:

Why is suitability
decreasing with high
flows ?

1200 Ifs
5000 I/s

Question:

Why is suitability even
becoming lower for a
flow around MAF?

500 Ifs

2900 1/s
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Application EFlow

Habitat availability as criterion

WUA prozentual
Bachforelle
100% |
anoy H —e—brut
E 800, H ——laichend
E 70% -H +jLJ\.-"eni|
L
o F0% 4 —&— subadult
N
D 50%
k4
E 40%, / ‘_\1\\*
; 30% S
g 209¢ . MW
0% E— :
0 2000 4000 6000 8000 10000
Q[l/s]
adult
Abfluss mit maximalem WUA ~90001I/s
Abfluss mit 50% des max WUA ~ 1800 I/s

21
Question:
Why is WUA for larvae almost zero
for higher flows?
WUA prozentual
Bachforelle
100% T
ansy - —a— adult |
2 50%
& o
T 0%
& 0%
S 500
§ 50% ————
& 40%
; 30% /
2 20% .//
10%
0%
0 2000 4000 G000 8000 10000
Q [V/s]
subadult juvenil Brut Laich

~7000l/s ~3000l/s ~500I/s ~ 9000 I/s

~18001/s ~10001/s ~500I/s ~ 3000 I/s
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Applications

Habitat suitability classes as criterion

22

Grayling adult (Thymallus thymallus) and spawning, proportions of

habitat suitability in m?

Benetzte Fldchen mit gleichem S fir gravling, adult

35.0004---- P Loceoe e o
30.000 - -- - i

25.000

Flache [m?]
P
[’
[
[
]

2 4 [ 8
Abfluss [mis]

Bsio-01

B sio1-02
HsSi02-03
HsSio3-04
0 slod4-05
B sSl05-06
HsSios-07
BsSio7-08
HsSi0g-09
HsSI09-1

From around 2 m3/s on: first small areas

of high suitability (SI>0,6)
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Jenetzte Fldchen mit gleichem 3l fir grayling, =pawning

Abflugs [mris]

Hsi0-041

Hsi01-02
Bsi02-03
Bsin3-04
0slod-05
B sSI05-06
HsSi06-07
Bsio7-08
BsSI08-09
HSI0g9-1

For 3,5 m?®/s: maximum of highly

suitable spawning areas
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Application Eflow

Seasonally adapted minimum flow

23

Question: What is missing in this flow regulation ?

Period Minimum flow
1. Jan - 29. Feb 3,0 md/s
1. Mar - 30. Apr 3,5 mdls
1. May- 31.0ct 1,8 m3/s
1.Nov - 31. Jan 3.0 m¥s

Empfohlener Mindestabfluss [m?®/s]

o
o

»
o

w
o
|

N
o
|

—_
o
1

o
o
|

3.0 3.9

1.8 1.8 1.8 1.8 1.8 1.8

Jan Feb Mrz Apr Mai Jun Jul Aug Sep Okt Nov Dez
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Application Weir operation 24

Profiles of impounded stretch for different headwater levels

|—o—SohIe —o— Status Quo —— Stauziel alt —— Stauziel alt +0.5 m —— Stauziel alt +1.0 m |

Q=10 m¥s

Hohe [m G. NI'~

v 178,0
Stauwurzel im Bereich \ {
des Absturzes /
177,0
Im Status Quo freiflieender lotischer Streckenabschnitt \
> ®
|

AN
V

176,0

175,0
1400 1200 1000 800 600 400 200 0

Streckenldnge ab Wehr [m]
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Application River Restoration 25

900 V/s 1700 /s 2700 l/s
Morphologisch veranderte Situation /

Asche, adult =
1700 l/s 2200 I/s 2700 /s B ooo

/77
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26

,,Niffer present state Niffer with gravel added

Substrate

I Ton Schiuff Lehen

B org Mat., Detiitus
Schiick/Schlamm

Substrate
I Ton,Schiuff Lehm
B org Mat., Detritus

Schlick/Schlamm

Sand,0.063-2 mm Sand.0.063-2 men
I FerKies 2mm-2cm I FerKies 2mm-2cm
I Kies 25 cm I Kies 25 cm
Il Grobiies 520 em [ GrobKies 520 em

Blocke 20-40cm Blocke 20-40cm
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,»Niffer present state ,»Niffer with gravel added

20 m3/s

Qualité d’habitat Qualité d'habitat

oo o000
Moo Mo.10
WO o020
030 ENo30

040 040
050 o050
Moso Bosn
o7 o7
050 o3
| [E] | KD

150 m3/s = niffer_lachs_la_ok.avi o | niffer_lachs_la_rmk.avi —
100 m3/s
o HEN

Jan Feb Mar Apr May Jun Ju  Aug Sep Oct Nov Dez
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Application Weir operation
HPP Rheinau (CH)

Newuhausen (I/ngll ]

heinfall 7] i 74 /

Construction
Head

Design flow

Turbines
Capacity
Energy

Oberes Hilfswel

Schwaben

Unteres
Hilfswehr

Stollen

1

Balm

S0kv.
T XV-Frejj
~ - Leleityn,

Ecohydraulic Engineering GmbH, Dilleniusstrasse 13, 71522 Backnang, Germany

1952 to 1957

10,5 m

400 m3¥/s

2 Kaplan

36 MW

237 Mio. KWh / year

- 52.000 Households

schneider@sjeweb.de



http://www.sjeweb.de/

Application Weir operation

Once and now HE - of

»
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Application Weir operation

Fish population Fish-statistics (100ha) - Mean 1990-1999
B KW Schaffhausen O Hauptstau
bis Rheinfall (37 ha) KW Rheinau (94 ha)
B Hilfsstaue O Ruckleitung Rheinau bis
KW Rheinau (58 ha) Thurmindung (71 ha)

Stuck / 100 ha

]

Unteres
Hilfswehr

Stollen

SJ (o Ecohydraulic Engineering GmbH, Dilleniusstrasse 13, 71522 Backnang, Germany schneider@sjeweb.de


http://www.sjeweb.de/

Application Weir operation

Operation e

P e
‘Stau des unteren Hiltswehres 35000 1/ —O g et .
— ‘ weo . F Status Quo:

scenarios . e A

weirs on high level

Scenario 1:

Weirs half lowered

Scenario 2:

Weirs totally lowered
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Application Weir operation

Comparison of scenarios

Water depth

0.00 m
- D40m
0.80m
1.20m
P1.60m
2 200m
0 240m
B 280m
B :20m
Bl:E0m
B 4.00m
440 m
430 m
Bls20m
5 E0m

I 5.00 m u. tiefer
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Application Weir operation

Comparison of scenarios

Flow velocity

Voll abgesenkt

B 0.00 /s
B 010 mss
D020 mds
0.30 mds
© 040m/s
B 0.50 mds
060 mds
P 0.70 mds
0.80 m/s
0.90 m/s
- 1.00mds
115 160 m3fs mEvi0ms
I 1.20 m/s
B 1,30 /s
M40 misus>
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Application Weir operation

Comparison of scenarios

Habitat suitability grayling juvenile
Voll abgesenkt

o000
010
o020
030
040
050
B 060
Blo.70
15 30 50 80 115 1680 m3fs W0

B 0.90 u. besser
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Application Weir operation

Comparison of scenarios

Habitat suitability nase adult

Voll abgesenkt

B 0.00
o0
I 0.20
o030
C0.40
050
060
BNo.70
0,30

15 30 50 80 115 160 m?/s B 030 besser
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Application Flood defense and impact
Aare river in Thun (CH)

Motivation

Flood event in May 1999
causing large damages
in city of Thun

;E\usbaggerungen _‘_~ |
Zuf Erhohung

desi' Aﬁﬂusskapamg :

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

« 25% of all stocked grayling in Switzerland is from Aare in Thun
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Application Flood defense and impact

Mapping of spawning areas

Water depth 0,2 upto 2,8 m
Flow velocity 0,1 up to 0,5 m/s

Grain size fine gravel up to coarse gravel

= Aare gesamt stand. B Laichplatze stand. = = Praferenz stand.

1.00

Praferenz

0-10 10-20 20-30 3040 40-50 5060 60-70 70-80
mittlere Fliessgeschwindigkeit [cm/s]
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Application Flood defense and impact

Substrate composition

Organisch
Schluff / Schlamm
Sand
100_00
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

schneider@sjeweb.de
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Application Flood defense and impact

Simulations

FEM-grid
o 2D-model

» Calculations for
different scenarios and
flow rates

Bound. conditions
» Gauge downstream
 Lake water level

Excavation scenarios

» Sc.2 partial
* Sc.3 continous
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Application Flood defense and impact

Scenario results, spawning suitablity grayling

Habitatqualitat status quo Variante 2 Variante 3
100 m3s 100 m3fs 100 mdis

Fuzzy min

B000 <= 51010
Blo10=5<020
B0 20==51<030
030 2=51=040
BI040 <= 51 <050
050 «= 51 <050
W0 <=51=070
Wa70e=51<080
B050 <= 51090
B0 90 u. besser
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Application areas of habitat modelling

 Allowable flow diversion and setting of E Flow

 River Restoration

« Water management, operation of hydraulic
installations (e.g. weirs)
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Software CASIMIR

www.casimir-software.de

Workshops Applications | Case Studies | Download Publications | Contact

About CASIMiR = o

Leam more about this unique 5 i
fuzzy modeling software. Here v
you can find out more about the o
background and applications of " L J,}
CASIMIR. Pl

- Free demoversion and
handbook available for
download

CASIMIR World Map <y

Here you can check out the latest |
CASIMIR Projects world-wide. {

D ® @ @ D mmmem
- Online and presence in-person o dowload.
courses for habitat modelling CAL‘ AA’ i R POfpiees b Fher
bookable on demand

An advanced simulation system for the study of aquatic habitats.

This page provides you with up-to-date information regarding the applications of the

software. In the download area you may obtain free versions of the CASiMiR models.
After following the examples, we hope you will be able to get up and running with

H CASIiMiR in no time! If you have questions about the CASIMIR software suite, please

Free fu ” SOftwa re VerSIOnS for don't hesitate to contact us. In addition to the downloads and application information,

H 1 H 1 1 we have provided a comprehensive list of CASiMiR-related publications at your
educational institutions (intro ol 5

course in mandatory)

Development Team:
b’ CENTER FOR
- FECOHYDRAULICS
RIESEARCH

AN

Universitat
Stuttgart

© 2026 sje - Ecohydraulic Engineering GmbH
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