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extraction of main riverine classes 
(water/sediment/vegetation) from Landsat and 
Sentinel-2 satellite images
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Rivers are dynamic systems ➔ they move
and change their forms («morphology»)

Tagliamento (IT) Vjosa (AL)

M. Crivellaro, ongoing PhD 
thesis, Univ of Trento



The typical change of 
river morphology
in Italy in the last 60 
years



1954 2004

Example: Narrowing and morphological change of the Cecina 
River (Tuscany, IT) following gravel mining from the river

(A) (B)

Example: nearly 4m of riverbed incision in the Arno 
River (Tuscany, IT)

Surian and Rinaldi (2003) Geomorhology
Rinaldi et al. IDRAIM Manual, ISPRA

Available at: 
https://www.isprambiente.gov.it/it/pubblicazioni/manuali-e-linee-guida/idraim-sistema-di-valutazione-idromorfologica-analisi-e-

monitoraggio-dei-corsi-dacqua 

Rinaldi et al., (2010)
Riverflow Conference



River trajectories ➔WHY ??

Width of the Tagliamento River (IT)Annual flows of the Colorado river

Used to measure this river „transformation“ because of human effects
(ex. channel width, riverbed elevation) in time

Gleick (2003) Science

Rinaldi et al. (2015) IDRAIM Manual



1) Damming
2) Climate change and flooding
3) Pollution
4) Water withdrawal / transfers
5) Non-native species
6) Fragmentation; river barriers
7) Sediment dredging, mining and upstream 

catchment management
8) Governance

Physical or 
“hydromorphological” stressors

Other stressors



Why do we care about rivers changing form?



Diversity of the 
morphological «mosaic» 
and variability of the 
flow regime imply
biodiversity

➔ Habitat diversity

Le caratteristiche fisiche dell’idromorfologia a scala locale 

vengono usate per quantificare la disponibilità di habitat
Hauer et al., 2016



Image Courtesy S. McBain

Natural Flow Regime: riverine communities are adapted to the 

natural variability of the streamflow



Biological species and communities have specific habitat preferences 

And habitat is closely related to rriver morphology

If morphology changes ➔ habitat changes !!
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What determines the 
morphology of a river?

The «guiding variables» the flow and sediment supply regimes

Can be modified by 
river management

Environmental conditions: 
geology and riparian
vegetation

Rinaldi et al. (2015) IDRAIM Manual



(A) (C)

(B)

Why does the river morphology changes?

➔ Human effects on the flow and sediment transport regime



Channel narrowing, vegetation stabilization and 
change in morphology following sediment mining
Lumbardhi i Pejës 1968 – 2007 (Kosovo)

➔ Dramatic reduction in river channel habitat area!

M. Paderno (2008). MSc thesis, University of Trento



Narrowing of the Erzen river (intense sediment mining)

2015

Location: Hardhishte

1994

Channel Width = 137 m

Channel Width = 22 m

B. Cekrezi, ongoing Ph.D thesis, University of Trento



Also: incision in the Erzen River (AL)

Nearly 4-5 m mean riverbed 
incision in the lowland single-
thread reach

B. Cekrezi, ongoing Ph.D thesis, University of Trento



What happened?
 the dynamics of riverbed
incision following sediment
excavation in riverbeds



Incision➔ less frequent inundation➔ forest establishment

2015

Location: Hardhishte

1994

Channel Width = 137 m

Channel Width = 22 m

B. Cekrezi, ongoing Ph.D thesis, University of Trento



Channel transformation 
of the Isere River, SE 
France

Alcayaga et al. (2013) 
Serlet et al. (2018), Earth Surf Proc. and Landforms



Isere: vegetation caused 3m of fine 
sediments accumulation on each bar in 
20 years➔ increase in flood risk

M. Combatti, ongoing Ph.D thesis, University of Trento
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Also “near-natural” rivers 
change over decades

Narrowing of Kuta reach, Vjosa
river
➔ climatic variability?

Crivellaro et al., under review
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Also “near-natural” rivers 
change over decades

Narrowing of Kuta reach, Vjosa
river

➔ climatic variability?

Crivellaro et al., under review



What can we do?

1. Monitoring the river environment – ex. Discharge data in rivers

2. Assessing the «hydro-morphological quality of rivers»

3. Quantifying how much habitat is available for target species, 

4. Restore degraded river reaches through nature-based solutions
1. Dynamic ecological flow releases (mimic the natural flow regime)

2. Restore sediment connectivity (sediment agumentation/ barrier removal or 
reduction)

5. Planning: Determine «no-go» highly valuable areas where anthropic
interventions should not be allowed



sampling device

Data storage

Naturalbania project: installation of a water level sensor in the Vjosa River - Permet

1) Measure discharge and make data easily available for 
management and research



1) Measure discharge and make data easily available for 
management and research

www.hydrovjosa.eu

http://www.hydrovjosa.eu/


2) Assessing the «hydromorphological quality» at the reach 
scale
The WFD 2000/60 MQI (Morphological Quality Index

Vjosa River basin – entire main stem

Upper Drin basin, Kosovo –
MSc thesis of M. Paderno, 2018, University of TrentoMSc thesis of G. Laghetto, 2018, University of Trento 



3) Quantify the availability of river habitat for 
target species / communities 

➔ Habitat Integrity index (Vezza et al., 2015)

➔ quantitative predictive tool for dynamic ecological flows



Habitat preferences of 
target species

Hydro-morphological 
habitat mapping

Habitat modelling: integrating ecology, geomorph., hydraulics, hydrology

Space – time hiabitat
variabilty

Scearios of natural and 
altered flow regimes

Habitat Integrity 
Index

3) Design 
Dynamic 

Ecological 
Flows



Italian national / EU legislation – Water Framework Directive
D.D. 29 e 30, febbraio 2017 



4) River restoration through sediment reinjection

Sarine River (CH), Stahli et al., 2019



What can we do?

1. Monitoring the river environment – ex. Discharge data in rivers

2. Assessing the «hydro-morphological quality of rivers»

3. Quantifying how much habitat is available for target species, 

4. Restore degraded river reaches through nature-based solutions
1. Dynamic ecological flow releases (mimic the natural flow regime)

2. Restore sediment connectivity (sediment agumentation/ barrier removal or reduction)

5. Planning: Determine «no-go» highly valuable areas where anthropic
interventions should not be allowed

➔ INTEGRATION OF ECOLOGY –
GEOMORPHOLOGY – HYDRAULICS/HYDROLOGY 
IS CRUCIAL FOR SUSTAINABLE MANAGEMENT
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