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WHAT IS RIVER RESTORATION?

MEASURES AIMING AT 

IMPROVING THE 

ECOLOGICAL STATUS

(ecological integrity) of rivers and 

connected ecosystems

= (ECOLOGICAL) RESTORATION

Some premises (1)
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QUALITY

BIOLOGICAL QUALITY

HYDROMORPHOLOGICAL 
QUALITY

WHAT IS RIVER RESTORATION?



HYDROMORPHOLOGICAL QUALITY

Typical RR measure: 
restoring a more natural 
water flow regime

Floods, droughts and much 
more…



HYDROMORPHOLOGICAL QUALITY

IHA approach (Indicators
of Hydrologic Alteration, 
Richter et al., 1996)

RR has often to do with 
increasing the flow 
retention capacity of the 
system, which has been 
artificially reduced



HYDROMORPHOLOGICAL QUALITY

A NATURAL river (with the 
exception of naturally
confined ones):

• Creates a floodplain (which
periodically is…flooded!)

• Has lateral, longitudinal
and vertical connectivity
of both WATER and 
SEDIMENTS

• Moves within its "mobility
area"

Ecosystems are maintained
thanks to this dynamics



Es: habitat for fish 

Habitats for daily functions: 
Feeding and shelter
• Feeding: e.g. riffles (macrozoobenthos)
• Low velocity zones: reduce energy consumption
• Shelter from predators

Habitat for critical phases: 
breeding and refuge 
• Spawning substrate
• During extreme conditions (e.g.: floods, droughts)

Long distance connectivity 

(longitudinal and lateral)

Feeding habitat

Low velocity zone and refuge

Shelter

Spawning ground

Pool

Local connectivity



Heterogeneity of substrate and 
hydraulic conditions -> habitat 
for macrozoobenthos



Some premises (2)

‘FLOOD PROTECTION’’ (’’SAFETY’’) vs. FLOOD 

RISK MANAGEMENT (and REDUCTION)

TR = 1 year TR = 100 years TR = 101 years



Some premises (2)

Risk = Hazard x Vulnerability x Exposure

= Hazard x Potential damage

Not necessarily we 

have to ↓↓↓↓ hazard, we 

can

↓↓↓↓ vulnerability &/or 

↑↑↑↑ resilience

‘FLOOD PROTECTION’’ (’’SAFETY’’) vs. FLOOD 

RISK MANAGEMENT (and REDUCTION)



RISK

HYDRAULIC

(flooding)

MORPHOLOGICAL 

(bank erosion due to 

lateral dynamics)

Two main components of "flood risk", 
generally interconnected



Speed up as much as possible the flow downstream 
and constrain it within a narrow channel

Flood risk “traditional” approach

Channelization of rivebeds



embankments, levees

embankments

Speed up as much as possible the flow downstream 
and constrain it within a narrow channel

Flood risk “traditional” approach



straightening

corso rettificatoA
B’

B

corso naturale

Speed up as much as possible the flow downstream 
and constrain it within a narrow channel

Flood risk “traditional” approach



Speed up as much as possible the flow downstream 
and constrain it within a narrow channel

Sediment extraction

Flood risk “traditional” approach



Removal of bank and in-stream vegetation

Speed up as much as possible the flow downstream 
and constrain it within a narrow channel

Flood risk “traditional” approach



River "cleanup" after the Magra flood, 2011

Ceparana, towards Follo

Castiglione

BEFORE BEFORE



AFTER

BEFORE

Arcola, Oasi LIPU

River "cleanup" after the Magra flood, 2011



embankments, levees

Flood risk “traditional” approach

embankments, levees

The effect of vegetation removal

Loss of diffuse retention volumes



embankments, levees

Flood risk “traditional” approach

The effect of sediment extraction

embankments, levees

Loss of diffuse retention volumes
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THE EFFECTS (downstream):

Flood risk “traditional” approach



“Flood protection”:

⇒ Protect against 
events with TR ≤≤≤≤ TR

*  

(e.g.: 200 years)

...≠≠≠≠ minimizing RISK !

Often the risk 
increases not only 
downstream, but 
also locally !

THE EFFECTS:

Flood risk “traditional” approach



Typical example: development in 
“protected areas”

Hazard x  Potential damage =  Risk
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Result ���� Risk is doubled !

Embankment ���� Probability of flood reduced by 5

New buildings ���� Potential damage multiplied by 10
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THE EFFECTS:

Flood risk “traditional” approach



T. Astico near Lugo 
di Vicenza – red 

lines: areas flooded 
in 1966

Flood risk “traditional” approach

Typical example: development in 
“protected areas”

N.1 measure is still 
STOPPING SOIL 
SEALING ! 



Stop river dynamics (stabilize the riverbed, avoid 
bank erosion) 

“Morphological” (erosion) risk “traditional” approach

Bank protection works (also with bioengineering!), 
weirs, sills...



Stop river dynamics (stabilize the riverbed, avoid 
bank erosion)

Sediment extraction

“Morphological” (erosion) risk “traditional” approach





Secchia  downstream Castellarano

’70s

THE EFFECTS:

“Morphological” (erosion) risk “traditional” approach



Most Italian rivers are strongly
incised !
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Most Italian rivers are strongly
incised !

PHASE 1:  reduction of sediment load at 
catchment scale (afforestation, 
stabilization works)

PHASE 2:  sediment extraction, dams, 
bank protections

Po a Cremona Arno (Valdarno inferiore)

basso Vara e Magra

PHASE 3: partial recovery ?



Narrowing of riverbeds
(Image: Rinaldi M., 2005 - Autorità di bacino del Fiume Magra - Modified)



Change of typology

1829 (Carta degli Stati Sardi) 2006 (Google Earth)

Wide, braided 
river

Narrow 
riverbed, 

mainly single 
channel

(Image: Rinaldi M., 2005 - Autorità di bacino del Fiume Magra - Modified)



Sediment extraction ���� riverbed incision ���� collapse of structures

Pile nuovo ponte 1988 

Vecchio ponte 

crollato nel 1970 



Sediment extraction

���� reduce sediment load

���� coastal erosion

pennelli + scogliere soffolte

Marina di Massa



Riverbed incision���� lowering of the aquifer     
(+ reduced recharge if floodplains are lost)
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Superficie freatica

mare

Acqua salata Acqua dolce

interfaccia

Substrato impermeabile

y1

h1

Riverbed incision ���� salinization of surface and groundwaters

Abbassamento falda 1 m

Innalzamento interfaccia 30 m

Penetrazione cuneo salino

h = y*dd/(ds-dd)



- an event with a higher recurrence time 
than the reference one is always 
possible (-> overflows)

- protection works need maintenance, 
therefore each new work = further 
costs on next generations

- the population forgets more easily about 
“residual risk”

A flood risk management strategy 
based only upon engineering works 

is intrinsically FRAGILE 



- Failure of 
embankments and 
other protection 
structures 
cannot be 
excluded -> if 
all the protection 
strategy is 
based upon 
them, in case of 
collapse a 
disaster is 
ensured

Roncajette



RR for flood risk reduction: “more space for the rivers”



RR MEASURES

Removal/retreat/lowering of EMBANKMENTS



Removal/retreat of BANK DEFENCES 

RR MEASURES

© ONEMA – image from La restauration des cours d'eau - retour d'expériences sur l'hydromorphologie



Removal/retreat of BANK DEFENCES + 
reopening of secondary channels

RR MEASURES



Removal/retreat of BANK DEFENCES + 
reopening of secondary channels

RR MEASURES



Are there cases where it is clear that 
restoration economically convenient (even 
without taking into account all related ES) ?

C > B

€ (construction 
& OMR of 
works)

€ (avoided 
damage)

?



Leave the river flood/erode agricultural land instead 
of (re)constructing embankments/bank defences



Relocate, where possible and convenient, roads 
and other infrastructure, instead of 
struggling to relocate the river



When possible, relocate exposed goods instead of 
protecting them increasing risk downstream



Bacini di 

ricarica 
sedimenti

Rinaldi (UniFI), 2007

Restore sediment load, both
directly and avoiding hillside
protection against landslides



Removal of dams/weirs

RR MEASURES

© ONEMA – image from La restauration des cours d'eau - retour d'expériences sur l'hydromorphologie



Removal of the Saint-Etienne-du-Vigan dam, on the Allier river, France

© ONEMA – image from La restauration des cours d'eau - retour d'expériences sur l'hydromorphologie



Construction of transversal structures
to help raising the riverbed

Potential negative effect
on longitudinal continuity
and temporary sediment
deficit downstream

!!!!
RR MEASURES



Restoration of floodplain lowering
terraces (former floodplain now outside
river dynamics)

terrazzo terrazzo

scavo

scavo

RR MEASURES



REMEANDERING

RR MEASURES

© ONEMA – image from La restauration des cours d'eau - retour d'expériences sur l'hydromorphologie



2000/60/CE - WFD
GOOD status
-> HYDROMORPHOLOGICAL 
restoration
(+ ECONOMICAL analysis)

2007/60/CE – FD
•Explicitly requires to 
develop synergies with 
2000/60 goals, e.g.: 
restoring floodplains 
(MORE SPACE TO THE 
RIVER)
•RISK maps (not only 
hazard)

RBMPs and POMs



SOME EXAMPLES FROM ITALY

Regione  
Emilia 

Romagna

Aurino 
(Prov
BZ)

Aurino 
SHORT

From the RESTORE wiki: 
http://riverwiki.restorerivers.eu



AVAILABILITY OF THE AREAS (former 

floodplains are mostly private now):

• Expropriation? (unsustainable costs, 

especially in Italy: funding?)

• Land swapping?

• Compensation to farmers/owners? (CAP? 

PES (e.g. at catchment scale)?)

CRITICAL ISSUES for floodplain restoration:



POPULATION’s SUPPORT

• Cultural shift needed

• Public participation (e.g.: river contracts)

• Need of specific know-how within public 

authorities

CRITICAL ISSUES for floodplain restoration:



CLEAR LEGISLATIVE SUPPORT FOR THE 

REMOVAL OF PROTECTION WORKS

• Responsibility in case of subsequent 

damage?

CRITICAL ISSUES for floodplain restoration:

CLEAR POLICY SUPPORT FOR RR vs. traditional 

protection strategies

• Dedicated (favoured) funding streams?

• Conflicts between different policies/sectors

• CBA (or pre-conditions) for State funding 

of protection works?



TECHNICAL ISSUES RE PLANNING AND 

IMPLEMENTATION

• Suitable framework for ES assessment?

• Prediction capacity?

• Good practice?

CRITICAL ISSUES for floodplain restoration:



Forest management

Do active management 
and ‘’cleaning’’ of forest 
areas always increase 
the ecosystem services 
related to flood and 
landslide risk? Or at 
least in some contexts 
a natural forest is more 
effective?



Retreive and maintain abandoned agricultural land

One of the main causes of 
natural disasters is the 
ABANDONMENT of 
agricultral land, especially in 
the MOUNTAINS

Is this always true?
Which practices are 
really useful?
What are the most 
effective measures 
that should be 
carried out by 
farmers?
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