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ES provided by 
rivers ?



Focus on the management 
of hydromorphological 

processes
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Several ongoing projects



Management 
measures

Physical/ecological
processes/functions

Ecosystem
Services

BENEFITS



Different target 
groups

Qualitative 
explanations

of links

Quantitative 
assessments

or predictions



The Italian deputy Prime Minister few days ago: rivers
have to be dredged !



Ecosystem services 

ES concept: "direct and indirect contribution made by ecosystems 
to human welfare“ (TEEB 2015)

Cascade model 
(Haines and 
Potschin, 2010)



Management action Corresponding alteration
Sediment recharge / restoration of
sediment continuity

Gravel extraction

Channel widening Channelization
Check dam removal Check dam construction
Creation of macroforms Removal of river macroforms,

homogenize river sections
Dam removal Dam construction
Deculverting Culverting
Ensuring ecological flow Water abstraction
Reintroduction of large woody debris Removal of large woody debris

Remeandering Straightening
Removal of bank protection Bank protection construction
Floodplain reconnection (removal,
retreat of levees)

Levees construction

Replanting of in-channel and riparian
vegetation

Removal of in-channel and riparian
vegetation

Weir removal Weir construction



Sediment
recharge/ 

restoration
of 

sediment
continuity

Surface water for 
drinking/non drinking uses
Groundwater for 
drinking/non drinking uses

Sediments (for 
construction)

Ecological status

Retention of nutrients

Reduction of GHG

Flood risk mitigation

Drought risk mitigation

Habitat related services

Regulating T

Aesthetics of landscape

Water related activities

Natural and cultural 
heritage

Hydropower

Cultivated crops

Education/science 
Removal
of bank

protection

Removal/ 
retreat of 

levees

Weir
removal

...



Sediment
recharge/ 

restoration
of 

sediment
continuity

Surface water for 
drinking/non drinking uses
Groundwater for 
drinking/non drinking uses

Sediments (for 
construction)

Ecological status

Retention of nutrients

Reduction of GHG

Flood risk mitigation

Drought risk mitigation

Habitat related services

Regulating T

Aesthetics of landscape

Water related activities

Natural and cultural 
heritage

Hydropower

Cultivated crops

Education/science 
Removal
of bank

protection

Removal/ 
retreat of 

levees

Weir
removal

...

morphology

sediment continuity

hydraulics

biotic communities

vertical connectivity

biochemical cycling

riparian vegetation

physical habitat

lateral connectivity

flow regime



Sediment
recharge/ 

restoration
of 

sediment
continuity

Surface water for 
drinking/non drinking uses
Groundwater for 
drinking/non drinking uses

Sediments (for 
construction)

Ecological status

Retention of nutrients

Reduction of GHG

Flood risk mitigation

Drought risk mitigation

Habitat related services

Regulating T

Aesthetics of landscape

Water related activities

Natural and cultural 
heritage

Hydropower

Cultivated crops

Education/science 

morphology

sediment continuity

hydraulics

biotic communities

vertical connectivity

biochemical cycling

riparian vegetation

physical habitat

lateral connectivity

flow regime



Sediment
recharge/ 

restoration
of 

sediment
continuity

Surface water for 
drinking/non drinking uses
Groundwater for 
drinking/non drinking uses

Sediments (for 
construction)

Ecological status

Retention of nutrients

Reduction of GHG

Flood risk mitigation

Drought risk mitigation

Habitat related services

Regulating T

Aesthetics of landscape

Water related activities

Natural and cultural 
heritage

Hydropower

Cultivated crops

Education/science 

morphology

sediment continuity

hydraulics

vertical connectivity

biochemical cycling

riparian vegetation

physical habitat

lateral connectivity

flow regime

biotic communities



Surface water for 
drinking/non drinking uses
Groundwater for 
drinking/non drinking uses

Sediments (for 
construction)

Ecological status

Retention of nutrients

Reduction of GHG

Flood risk mitigation

Drought risk mitigation

Habitat related services

Regulating T

Aesthetics of landscape

Water related activities

Natural and cultural 
heritage

Hydropower

Cultivated crops

Education/science 

morphology

sediment continuity

hydraulics

biotic communities

vertical connectivity

biochemical cycling

riparian vegetation

physical habitat

lateral connectivity

flow regime

Floodplain
reconnection: 

removal/ 
retreat of 

levees



Surface water for 
drinking/non drinking uses
Groundwater for 
drinking/non drinking uses

Sediments (for 
construction)

Ecological status

Retention of nutrients

Reduction of GHG

Flood risk mitigation

Drought risk mitigation

Habitat related services

Regulating T

Aesthetics of landscape

Water related activities

Natural and cultural 
heritage

Hydropower

Cultivated crops

Education/science 

morphology

sediment continuity

hydraulics

vertical connectivity

biochemical cycling

riparian vegetation

physical habitat

lateral connectivity

flow regime

biotic communities

Removal
of bank

protection



Sediment
recharge/ 

restoration
of 

sediment
continuity

Surface water for 
drinking/non drinking uses
Groundwater for 
drinking/non drinking uses

Sediments (for 
construction)

Ecological status

Retention of nutrients

Reduction of GHG

Flood risk mitigation

Drought risk mitigation

Habitat related services

Regulating T

Aesthetics of landscape

Water related activities

Natural and cultural 
heritage

Hydropower

Cultivated crops

Education/science 

morphology

sediment continuity

hydraulics

biotic communities

vertical connectivity

biochemical cycling

riparian vegetation

physical habitat

lateral connectivity

flow regime



Description of the restoration measure

• Mechanical reintroduction of sediments downstream     more info

• Bedload reservoir management (flushing/outlets opening in connections to 

Q thresholds)    more info

• Sediment bypasses more info

Links to case studies:

1) Buech

2) Avisio…

Link to e-seminars

tackling the action

Results of 

monitoring + 

evaluation

Sediment
recharge/ 

restoration
of 

sediment
continuity



Removal/ 
retreat of 

levees

Links to case studies:

1) Orbigo

Description of the restoration measure
Removal of levees may be performed either without removal of 
bank protection, or in parallel with the removal of bank protection. 
In case bank protection remains, the effect of the removal of 
levees consists in the re-establishment of the (hydraulic) lateral 
connectivity between the river and the floodplain, thus increasing 
flooding frequency of the floodplain…

To know more

2) …
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Description of the ES
Resilience to drought / mitigation of drought 
effects on river ecosystems by e.g. inflow from 
floodplain aquifers…

Possible assessment indicators
• yearly volume of water infiltrated in the 

aquifer
• floodplain average groundwater level ?

literature
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Explanation of the connection
Bank protection removal increases lateral connectivity, i.e. bank 
erosion and sediment supply to stream channel; the increased 
supply subsequently increases sediment transport 
downstream…

Useful predictive tools
• River bank erosion model (to predict bank retreat velocities 

after removal of bank protection and bed level response); 
link to description      literature

• Model of self-forming cross section geometry (to predict 
width with erodible banks);  link to description    literature

• Diacronic approaches to estimate needed erodible corridor 
width      link to description    literature

• …

Useful assessment tools
• Tools for the analysis of channel changes
• ……



Sediment connectivity (CASCADE -
Schmitt et al., 2016)

River bar predictor (Crosato
and Mosselman, 2009)

Diverse morphodynamic models
(e.g. iSed – Tritthart et al., 2011)
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Explanation of the connection
Changes in morphological configuration and physical stream channel features 
directly and indirectly (through the interaction with water flow) affect the 
features that make up physical habitats, at different scales, such as substrate 
type and size distribution, water depth, flow velocity, water temperature, etc. 
In other terms, changes in morphology determine a change in type and 
distribution of hydromorpholgical units, thus of habitats.

Useful assessment and predictive tools
• Comparison of different habitat models 

and habitat suitability indicators
link to guidelines       literature
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Sediment recharge/restoration of sediment
continuity Sediment continuity

SedRace - Bedload velocity tool

D.T2.2.1 procedure of assessment of barrier permeability

bedloadweb Sediment transport website

Index of connectivity (SedAlp)
Stéphane BRAUD - Adrien ALBER, “Synthèses des connaissances & proposition d'une méthode 

d'évaluation de l'impact des ouvrages transversaux sur la continuité sédimentaire des cours d'eau, 
2013, 76 p. Direction régionale de l'Environnement, de l'Aménagement et du Logement Centre

CASCADE (assessment of sediment continuity and bottlenecks at catchment scale)

Mélanie Bertrand, Frédéric Liébault et Hervé Piégay (2017). Regional Scale Mapping of Debris-Flow 
Susceptibility in the Southern French Alps. Journal of Alpine Research, 105-4. Consult doctoral thesis

of Bertrand M. for more information: Bertrand Mélanie (2014). Debris-flow susceptibility
assessment at the regional scale of the Southern French Alps. Doctoral thesis, University of Lyon.

Brardinoni, F., Cavalli, M., Heckmann, T., Liébault, F., Rimböck, A., (coordinateurs) 2015. Guidelines
for assessing sediment dynamics in alpine basins and channel reaches. WP4 Final Report of the 

SedAlp Project, Alpine Space Program, 71 pp. (plus Annex: Case studies and software tools)

Jože Papež, Bruno Mazzorana, Alessandro Vianello, Mateo Cesca, Helmut Habersack 2015, 
interactions with structures. WP6 final report of the SedAlp project.

Bogdan, S-M. et al. (2016). "The assessment of regulatory ecosystem services: the case of the 
sediment retention service in a mountain landscape in the Southern Romanian Carpathians", 

Procedia Environmental Sciences 32 (2016) 12-27

soil conservation/sediment delivery model: Alatorre, L. C., Beguería, S., Lana-Renault, N., Navas, A., 
and García-Ruiz, J. M.: Soil erosion and sediment delivery in a mountain catchment under scenarios 
of land use change using a spatially distributed numerical model, Hydrol. Earth Syst. Sci., 16, 1321-

1334
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SedRace

Aims: • Calculation of residence time of replenished sediment in sections

• Time lag between upstream measures and downstream effects

© Styrian Water Management Authority

Replenishment at the Mur River

Planning and Management Tools
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SedRace

Method of tool development: Derivation of formulae from the field

Tracer survey at Drau River

Planning and Management Tools
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BedloadWeb

Aim: Collaborative, pedagogic platform of bedload calculation

Method: Computing the hydraulics, bedload and transported grain size distribution for 
given bed surface grain size distribution and flow condition

Contains bedload data from 120 sites for comparison

Planning and Management Tools
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Widest – Width Estimator of Restored Alpine Streams

Aims: • Estimation of space and sediment demand of restoration

Planning and Management Tools

© Carinthian Water Management Authority
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Chevo – Tool for standardized assessment of channel evolution

Planning and Management Tools
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Displaying all at once: 

The channel evolution diagram

Planning and Management Tools











MONITORING AND EVALUATION 
of case studies



MONITORING AND EVALUATION 
Typically critical issues

1. Lack of an explicit identification of the objectives
2. The main drivers affecting the variables/quality elements to be assessed 

and the cause-effect relationships linking them are not explicitly defined, 
thus not monitored;

3. The range of natural variability of the variables/quality elements to be 
monitored is usually unknown and not taken into consideration in the 
monitoring plan; monitoring results are often statistically too weak;

4. The spatial and temporal scales of the processes involved (therefore the 
needed spatial and temporal scales of monitoring activities) are often 
neglected; this applies both to physical processes and to recovery of 
biological communities;

5. Control sites are often not included in the monitoring scheme.
6. Monitoring pre-project implementation is often neglected.
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