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Rivers are dynamic systems =» they move
and change their forms («morphology»)
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extraction of main riverine classes
(water/sediment/vegetation) from Landsat and

Sentinel-2 satellite images M. Crivellaro, ongoing PhD

thesis, Univ of Trento
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The typical change of
river morphology

in Italy in the last 60
years
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TIPOLOGIAD ALVEOQ

CANALE SINGOLO TRANSIZIONALI CANALI INTRECCIATI
(sinuoso-meandriformi)

— F1IN3I534I ANOISIONI

<*— RESTRINGIMENTO CRESCENTE
(rispetto alla morfologia iniziale)

“igura 2.17 — Schema di classificazione delle variazioni morfologiche di fiumi italian
(Da SURIAN & RINALDI, 2003. modificato).




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

Rinaldi et al., (2010)

Riverflow Conference

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



River trajectories =» WHY ??

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

Rinaldi et al. (2015) IDRAIM Manual
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nature REVIEW ARTICLE
geOSCIence https://doi.org/10.1038/541561-018-0262-x

Corrected: Author Correction

Anthropogenic stresses on the world's big rivers

JimBest

1) Damming

2) Climate change and flooding Physical or

3) Pollution “hydromorphological” stressors
4) Water withdrawal / transfers

5) Non-native species Other stressors

6) Fragmentation; river barriers

7) Sediment dredging, mining and upstream
catchment management

8) Governance



Why do we care about rivers changing form?

PRIMARY RESEARCH ARTICLE Global Change Biology JRAUY § B 2A'

nature
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Article | Published: 16 December 2020
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FIGURE 1 Changesin the population
inventory of (a) global freshwater
megafauna (126 species; 639 time series)
and (b) mega-fish species (81 species; 404
time series) from 1970 to 2012. The value
of the Living Planet Index (LPI) was set

to 1 in the reference year 1970 [Colour
figure can be viewed at wileyonlinelibrary.
com]
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Diversity of the
morphological «mosaic»
and variability of the
flow regime imply
biodiversity

=» Habitat diversity

Hauer et al., 2016



Natural Flow Regime: riverine communities are adapted to the

natural variability of the streamflow
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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

Regime delle Regime delle

portate liquide portate solide ege
o Q Qs - Can be modified by
variabil} /oSy 4| wash oad river management
guida
Trasporto di materiale
del fondo
Tempo Tempo

Condizioni v Environmental conditions:
al contorno -

; geology and riparian
Pendenza e topografia Sedimenti del fondo Vegetazione riparia .
della valle Y e delle sponde = g vegetation

Rinaldi et al. (2015) IDRAIM Manual



Why does the river morphology changes?
=» Human effects on the flow and sediment transport regime
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Channel narrowing, vegetation stabilization and
change in morphology following sediment mining
Lumbardhi i Pejés 1968 — 2007 (Kosovo)

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

=» Dramatic reduction in river channel habitat area!



Narrowing of the Erzen river (intense sediment mining)
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B. Cekrezi, ongoing Ph.D thesis, University of Trento

Location: Hardhishte



Also: incision in the Erzen River (AL)

¥ B53.091

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

B. Cekrezi, ongoing Ph.D thesis, University of Trento
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What happened?

€ the dynamics of riverbed
incision following sediment
excavation in riverbeds

Hungry Water: Effects of Dams and Gravel Mining
on River Channels

G. MATHIAS KONDOLF sion and to many other rivers in attempts to restore spawning
Department of Landscape Architecture and Environmental habitat. It is possible to pass incoming sediment through
Planning some small reservoirs, thereby maintaining the continuity of
University of California sediment transport through the system. Damming and min-
Berkeley, California 94720, USA ing have reduced sediment delivery from rivers to many
www.ced.berkeley.edu/~kondolf/ coastal areas, leading to accelerated beach erosion. Sand

and aravel are mined for constriiction aaareaate from river

Environmental Management Vol. 21, No. 4, pp. 533-551

Figure 9. Incision produced by instream gravel mining. a:
The initial, preextraction condition, in which the river’s
sediment load ((Q,) and the shear stress (7) available to
transport sediment are continuous through the reach. b: The
excavation creates a nickpoint on its upstream end and traps
sediment, interrupting the transport of sediment through the
reach. Downstream, the river still has the capacity to transport
sediment (1) but no sediment load. c: The nickpoint migrates
upstream, and hungry water erodes the bed downstream,
causing incision upstream and downstream. (Reprinted from
Kondolf 1994, with kind permission of Elsevier Science-NL.)



Incision = less frequent inundation = forest establishment

Channel Width =137 m

Channel Width =22 m
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Location: Hardhishte B. Cekrezi, ongoing Ph.D thesis, University of Trento



Channel transformation
of the Isere River, SE
France

Legend

& f;{nge%t mining sites
Alcayaga et al. (2013) & doms

awem  interbasin transfer

Serlet et al. (2018), Earth Surf Proc. and Landforms
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Isere: vegetation caused 3m of fine
sediments accumulation on each bar in

20 years =» increase in flood risk
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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?

2+ rain-Mountain V-Permet -
rain-Hill V-Dragot
V-Dorez
3L 1 1 1 1 1 1 1
1950 1960 1970 1980 1990 2000 2010 2020

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

Narrowing of Kuta reach, Vjosa
river

=» climatic variability?

2 rain-Mountain V-Permet -
rain-Hill V-Dragot
V-Dorez
3L I I 1 1 1 1 1
1950 1960 1970 1980 1990 2000 2010 2020

Crivellaro et al., under review Year




What can we do?

Monitoring the river environment — ex. Discharge data in rivers
Assessing the «hydro-morphological quality of rivers»
Quantifying how much habitat is available for target species,

= w e

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



] : ° OISIO,
1) Measure discharge and make data easily available for
management and research

Naturalbania project: installation of a water level sensor in the Vjosa River - Permet
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] : ° OISIO,
1) Measure discharge and make data easily available for
management and research

Permet Hydrometer Narta Lagoon Hydrometer
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http://www.hydrovjosa.eu/
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2) Assessing the «hydromorphological quality» at the reach

scale
The WFD 2000/60 MQJ (Morphological Quality In

Vjosa River basin — entire main stem o LA S s

dex
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MSc thesis of M. Paderno, 2018, University of Trento

Figure 5.4: Morphological quality map of the Vjosa river.

MSc 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

IH Classe

0.40<IH < 0.60 Moderate
020<IH <040 Poor




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

Hydro-morphological Scearios of natural and Habitat preferences of
habitat mapping altered flow regimes target species
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Italian national / EU legislation — Water Framework Directive
D.D. 29 e 30, febbraio 2017
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4) River restoration through sediment reinjection

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



What can we do?

Monitoring the river environment — ex. Discharge data in rivers
Assessing the «hydro-morphological quality of rivers»

Quantifying how much habitat is available for target species,

BN e

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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Thanks for your attention

Prof. Guido Zolezzi
University of Trento — Italy

guido.zolezzi@unitn.it
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