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Hydropower in Austria

Habersack et al. 2011

5.227 hydropower plants

Run-off the river Storage Pump-storage Hydropower plants 
in Austria

Bottleneck capacity (MW)
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E-flow definition

E-flow is “a regime of flow in a river or stream that 
describes the temporal and spatial variation in quantity and 
quality of water required for freshwater as well as estuarine 
systems to perform their natural ecological functions 
(including sediment transport) and support the spiritual, 
cultural and livelihood activities that depend on these 
ecosystems."

Indian Institutes of Technology consortium (2011):

Environmental Flows – State-of-the-Art with special reference to Rivers in the Ganga
River Basins
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Cultural riverscapes

www.un-igrac.org
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Non irrigated 
crop area

61%

Groundwater 
irrigation

25%

Canal 
irrigation

14%

Water for food production in India

Data source: wikipedia
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Groundwater overexploitation

The Times of India, Jun 9, 2018
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Inter water basin transfer
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Hydropower
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Ecosystem services: Fisheries
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21% increase
(2006–2015)

India: 5 % of agricultural GDP 
14 mio. employees 
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E-flow support the spiritual, cultural and livelihood 
activities that depend on these ecosystems

WWF 2017 
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Political statements on water

TNN, 19 October 2019
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The role of e-flow in balancing 
water use and ecosystem health

Water use

Ecosystem health
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🌱
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How much water does the river need?
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E-flow methods

Expert judgement

Hydrological methods

Predictive methods

Q

Natural seasonal flow

Time (1 year)
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E-flow methods

Expert judgement

Hydrological methods
• Tennant or Montana method

• % Q

Predictive methods

Q

• RVA: range of variability approach (Richter et al. 1997)
• Criteria related to timing, duration, frequency, and rate of change

Natural seasonal flow

Minimum e-flow

Dynamic e-flow
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4 important principles of natural flow

Principle 3
Lateral connectivity
Longitudinal connectivity

Principle 1
Channel form
Habitat complexity  biotic diversity
Patch disturbance

Principle 4
Natural regime discourages invasions

Principle 2
Life history patterns
•Spawning
•Recruitment

Bunn and Arthington, 2002
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Ecological flow implementation 
in Austria

Natural mean 
annual flow

<1 m3/s

Natural mean 
annual flow

>1 m3/s

Minimum flow

Dynamic flow 20 % of actual flow
(recommended)

> lowest daily flow

> 50 % mean 
annual low  

flow

> 33 % mean 
annual low  

flow

Qualitätszielverordnung 2010

Or: Case-specific habitat modelling
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E-flow methods

Expert judgement

Hydrological methods
• Tennant or Montana method

• % Q

Predictive methods

Q

Time (1 year)
• RVA: range of variability approach (Richter et al. 1997)

• Criteria related to timing, duration, frequency, and rate of change

Hydraulic methods
• Hydraulic rating
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E-flow methods

Expert judgement

Hydrological methods
• Tennant or Montana method

• % Q

Predictive methods

Q

Time (1 year)
• RVA: range of variability approach (Richter et al. 1997)

• Criteria related to timing, duration, frequency, and rate of change

Hydraulic methods
• Hydraulic rating
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Available habitat

Natural seasonal flow

Qnat

Qe-flow

Habitat modelling
• Linking physical habitat with biotic requirements

• PHabSim, Meso-Habsim, Casimir, etc.

Habitat requirements of indicator species/life stageHabitat conditions at Qe-flow

Habitat potential at Qe-flow.
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Habitat requirements of indicator species/life stageHabitat conditions at Qe-flow

Habitat potential at Qe-flow.
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Habitat modelling

 Linking hydrological changes with habitats and biotic responses

 Habitat of indicator species

 Habitat conditions and habitat use

 depth

 velocity

 substrate composition

 cover

 …

 Quality and quantity of suitable habitat at different flows are assessed 
and compared

Expressed for different
- life stages
- seasons
- funcitons (e.g. spawning, feeding, resting)

Q

Habitat index
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Habitat availability for brown trout (BF) 
juveniles (0+), subadults (1+) and adults 
(2+) during summer (S) and autumn (H)

HABITAT MODELLING RESULTS
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E-flow methods

Expert judgement

Hydrological methods
• Tennant or Montana method

• % Q

Predictive methods

Q

Time (1 year)
• RVA: range of variability approach (Richter et al. 1997)

• Criteria related to timing, duration, frequency, and rate of change

Hydraulic methods
• Hydraulic rating
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• Linking physical habitat with biotic requirements
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Integrative methods
• multidisciplinary, multiple ecosystem components, various spatial temporal scales
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• Multidisciplinary
• Engineers
• Ecologists
• Socio-economists

• Multiple ecosystem components 
• fish, benthic fauna, macrophytes, riparian vegetation, floodplains

• Various spatial temporal scales
• catchment approach, transboundary effects, short to long term effects

• Scenario based
• Historical, present, future situation including management alternatives and 

climate change scenarios

• Examples
• Building Block Methodology (BBM) (Tharme and King 1998; King et al. 2008), 
• Downstream Response to Imposed Flow Transformations (DRIFT) (King and 

Brown 2006), 
• Ecological Limits of Hydrologic Alteration (ELOHA) (Poff et al. 2010). 
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Hayes et al. 2018
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E-flow methods

Post-implementation assessment methods
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EU-Water Framework Directive

 River need to achieve the good ecological status which …

 … is measured via biological quality elements 
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Structure & function similar to natural 
community with some additional taxa 
& biomass; ecosystem level functions 
are fully maintained.

Evident changes in structure due to 
loss of some rare native taxa; shifts in 
relative abundance; ecosystem level 
functions fully maintained.

Moderate changes in structure due to 
replacement of sensitive ubiquitous 
taxa by more tolerant taxa; ecosystem 
functions largely maintained.

Sensitive taxa markedly diminished; 
conspicuously unbalanced distribution 
of major taxonomic groups; ecosystem 
function shows reduced complexity & 
redundancy.

Extreme changes in structure and 
ecosystem function; wholesale changes 
in taxonomic composition; extreme 
alterations from normal densities.

Natural structural, functional, and 
taxonomic integrity is preserved.

Chemistry, habitat, and/or flow 
regime severely altered from 

natural conditions.

5

4

3

2

1

Watershed, habitat, flow regime and 
water chemistry as naturally occurs.

Levels of Biological Condition

The Biological Condition Gradient:  Biological Response 
to Increasing Levels of Stressors
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Davies & Jackson 2006
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INDIVIDUAL
CONDITION

TAXA 
RICHNESS

IDENTITY DISEASE TROPHIC 
DYNAMICS

SENSITIVITY ANOMALIES
(intolerance)

RELATIVE 
ABUNDANCE

RARE OR 
ENDANGERED 

KEY TAXA

PRODUCTIVITY

DOMINANCE CONTAMINANT 
LEVELS

METABOLIC  
RATE

PREDATION 
RATE

INTEGRATED BIOLOGICAL ASSESSMENT

STRUCTURE
COMMUNITY

COMPOSITION
TAXONOMIC BIOLOGICAL

PROCESSES

RECRUITMENT 
RATE

ORGANIZATIONAL STRUCTURE OF ECOLOGICALLY 
RELEVANT ATTRIBUTES

IBI - Index of Biotic Integrity
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Species trait classifications

Habitat rheophilous, limnophilous, eurytopic

Reproduction lithophilous, phytophilous, psammophilous

Feeding insectivorous, piscivorous, omnivorous,.…

Feeding habitat water column, benthic

Migration diadromous, potamodromous

Body size small, medium, large

Longevity short-living, long-living

O2 tolerance tolerant, intolerant

General tolerance tolerant, intolerant
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Fish species extinction due to damming

Before damming After damming
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More water - more fish production
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Zeiringer et al. 2018
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More water - larger fish

Zeiringer et al. 2018

Full flow Unsufficient e-flow



Current 
ecological status

Ecological status 
assessment method

Ecological 
objectives

Validated future 
ecological status

Status assessment

E-flow 
versus 

post-implementation assessment

Current 
hydrological  status

Current 
conditions

Future 
conditions

Flow mitigation

E-flow 
prediction

E-flow assessment 
method

Predicted 
conditions

E-flow assessment
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E-flow implementation
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Barriers in implementing e-flow

Moore 2004 in WWF 2017

E-flow
20-30% of flow

24-57    m3/s
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Data availability
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Ecological data

 About 500 freshwater fish species are known for India 
with around 65% being endemic (wikepedia)

 120 fish species are threatened (EN, VU, IUCN 
criteria)
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Ecological data

 About 500 freshwater fish species are known for India 
with around 65% being endemic (wikepedia)

 120 fish species are threatened (EN, VU, IUCN 
criteria)

 Fishbase contains information on distribution and major 
ecological requirements of some Indian fish species 
(fishbase.org)
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Ecological data

 About 500 freshwater fish species are known for India 
with around 65% being endemic (wikepedia)

 120 fish species are threatened (EN, VU, IUCN 
criteria)

 Fishbase contains information on distribution and major 
ecological requirements of some Indian fish species 
(fishbase.org)

 Recent scientific publications on fish assemblages and 
assessment methods (IBIs) indicate advances in the 
basic ecological information



www.boku.ac.at/ihg
Knowledge on fish fauna, diversity
and assemblages
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Available knowledge on 
ecosystem assessment tools in India
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Ecological data

 About 500 freshwater fish species are known for India 
with around 65% being endemic (wikepedia)

 120 fish species are threatened (EN, VU, IUCN 
criteria)

 Fishbase contains information on distribution and major 
ecological requirements of some Indian fish species 
(fishbase.org)

 Recent scientific publications on fish assemblages and 
assessment methods (IBIs) indicate advances in the 
basic ecological information

 Historic fish data
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Historic information on 
fish assemblages

1877
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Ecological data

 About 500 freshwater fish species are known for India 
with around 65% being endemic (wikepedia)

 120 fish species are threatened (EN, VU, IUCN 
criteria)

 Fishbase contains information on distribution and major 
ecological requirements of some Indian fish species 
(fishbase.org)

 Recent scientific publications on fish assemblages and 
assessment methods (IBIs) indicate advances in the 
basic ecological information

 Historic fish data

 However, more efforts are needed to fill ecological 
information gaps (e.g. habitat requirements).
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Gaps in ecological field data 
Sampling for habitat modelling

flow velocity

fish sampling

substrate classifiation

river morphology

mapping of habitat features
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Examples of published books & 
reports related to e-flow

Free PDF download:
https://rd.springer.com

And many others
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The role of ecosystems and e-flow for
human wellbeing

Conclusions
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The role of ecosystems and e-flow for
human wellbeing

e-flow

feedback loop

🌱

cyclicadaptive

adapted from


