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Magra River BasinLigurian sea

La Spezia
Carrara

M
agra

river
Vara river

Magra river

Magra Magra riverriver basinbasin

Ligury
Tuscany

Length: 69,5 km
Surface: 1698 km2

max watershed height: 2017 m a.s.l.
200-years discharge: 7300 m3/s



Bad inheritancesBad inheritances
flood riskflood risk•• Unwise Unwise 

urbanizationurbanization

•• Hydroelectric and Hydroelectric and 
irriguousirriguous derivationsderivations scarce water in riversscarce water in rivers

•• River bed incisionRiver bed incision
(caused by past gravel mining)(caused by past gravel mining)

water table water table 
loweringlowering

salt intrusionsalt intrusion

drinking water: drinking water: 
poor quantitypoor quantity

coast erosioncoast erosion

drinking water: drinking water: 
poor qualitypoor quality

canalization workscanalization works
(levees, bank protections(levees, bank protections……))

ecological statusecological status
degradationdegradation

•• ShortShort--sighted approachsighted approach



Problems: flood riskProblems: flood risk

too close to rivertoo close to river high riskhigh risk

BoccaBocca didi MagraMagra

FiumarettaFiumaretta



ProblemsProblems: : floodflood riskrisk

river
bed

AullaAulla citycity

flooding area
(old river bed)1959: 1959: leveelevee constructionconstruction

19601960--2000: 2000: ““instreaminstream”” urbanizationurbanization

high riskhigh risk



Problems: old gravel mining consequencesProblems: old gravel mining consequences

19501950--1970 1970 
heavy gravel miningheavy gravel mining



New bridge pillars
barefooted 1988 

Old bridge ruins
(collapsed 1966) 

Problems: old gravel mining Problems: old gravel mining bed incisionbed incision



pennelli + scogliere soffolte

Marina di Massa

Problems: gravel mining Problems: gravel mining coast erosioncoast erosion



river bed

water table

water level

river bed

water table

water level

Problems: gravel mining Problems: gravel mining bed incision and bed incision and 
narrowing narrowing water level lowering water level lowering water water 
table loweringtable lowering

BEFORE AFTER

dry well



Problems: gravel mining Problems: gravel mining salty intrusionsalty intrusion

SuperficialSuperficial
saltysalty

intrusionintrusion UndergroundUnderground
water salinitywater salinity

8 km from mouth8 km from mouth

from riverfrom river

from seafrom sea



wetland

riparial vegetation

wood

grassy vegetation

bank
scarp

wood

backwaters

backwaters

new
sediments

furrow of 
erosion

reactivable
channel

floodplain

Forested
slope

Problems: Problems: bed incision and narrowing bed incision and narrowing 
aquatic and terrestrial habitat lossaquatic and terrestrial habitat loss

““ghostghost”” habitats!habitats!
pool 

secondary
channel

fluvial isle

principal
channel

riffle

side bar 

meander
bar



Today

140 m

1954

370 m

active channel 1877

820 m

Problems: last century narrowingProblems: last century narrowing



Problems: Problems: hydroelectric and hydroelectric and irriguousirriguous derivationsderivations

water in pipeswater in pipes

rivers without water (sometimes)rivers without water (sometimes)

Magra river: av. low discharge ~ 20 m3/s
Magra river: average discharge ~ 60 m3/s

1996 existing derivations: ~ 24 m3/s
1996 new requests: ~ 16 m3/s

( Before( Before
River Basin River Basin 
Authority )Authority )



Problems: Problems: 
shortshort--sighted visionsighted vision

Risk levees? digging? straightening? etc.

only advantages visible (here and now)
disadvantages invisible (elsewhere and tomorrow)

channel
incision

coast
erosion

bridges and banks
destabilizationwater table

lowering

water resources 
depletion

salty 
intrusion

ecological
deterioration

more risk
downstream

damages
elsewhere

risk transfer and increase!

levees, digging, 
straightening, 

vegetation clearing

local risk local risk 
reductionreduction

Before Magra River Basin Authority:



BeforeBefore MagraMagra
River Basin River Basin 
AuthorityAuthority

AfterAfter

change of tune!change of tune!

Plurality of concerned public 
bodies  plenty of noise



FarFar--sighted visionsighted vision

•• multimulti--objectiveobjective approachapproach
((allall advantagesadvantages and  and  
disadvantagesdisadvantages consideredconsidered
at the at the samesame time)time)

•• herehere andand elsewhereelsewhere,,
nownow andand tomorrowtomorrow

Risk 
reduction

After Magra River Basin Authority:

Risk ?

Local

Downstream and upstream

Now and tomorrow

Incision reduction 

Coast erosion reduction 

Water table raising

Salt intrusion pushing back

Ecological improvement

Other 
objectives Water resources re-establishing
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HighHigh DMV DMV ((instreaminstream minimum flow requirements)minimum flow requirements)
DMV = Sup. · Rsp. · P · A · N · QB · QR · G · L7,5 + M10

Before
• DMV: poor (0- 2 L/s·km2)
• DMV: constant

After
• DMV: abundant (5-10 L/s·km2)
• DMV: variable (modulated)

natural flow

meagre 
summer

plentiful 
summer

penalizations in high natural environments and for very long derpenalizations in high natural environments and for very long derivationsivations



Magra River Basin

Ligurian sea

La Spezia
Carrara

unavailable stretches

Not only DMV:Not only DMV:
Stretches unavailable for derivations



Not only DMV:Not only DMV: Restrictions on derivations density
(sequences of derivations interdicted)

BEFORE
Progressive hydric

impoverishment

Intake

Restitution
Use

Ecological
recovery

(derivations
interdicted)

Restitution

Intake

Small 
derivations
(< 5 m3/s)

Intake

Restitution

AFTER
Only short stretches 

impoverished

Ecological
recovery

(derivations
interdicted)

Big
derivations
(> 5 m3/s)

Restitution

Intake

D (distance)

2D



Not only DMV:Not only DMV:

BarrageBarrage

RiverRiver--bedbed

FishpassFishpass

FishpassesFishpasses



Not only DMV:Not only DMV: Discharge gauges Discharge gauges 
(on view of public)(on view of public)
etc., etc.etc., etc.



River Pertinence Belt River Pertinence Belt (not only flooding areas)(not only flooding areas)

River Pertinence Belt River Pertinence Belt 
(definitive restrictions) (definitive restrictions) 

200200--year flooding areayear flooding area
(transitory restrictions)(transitory restrictions)

3030--year flooding areayear flooding area
(transitory restrictions)(transitory restrictions)

Space returned to the river (building not allowed) Space returned to the river (building not allowed) 
more safety and more naturemore safety and more nature

River Pertinence BeltRiver Pertinence Belt

river pertinence areasriver pertinence areas ++
areas of naturalistic valueareas of naturalistic value ++
areas for aquifer rechargeareas for aquifer recharge ++
areas for plan realization worksareas for plan realization works ==



DirectionsDirections forfor environmentalenvironmental design of design of 
fluvialfluvial worksworks

Autorità di Bacino interregionale del Fiume 
Magra

Work Work withwith nature!nature!



T. Parmignola, 2004

Problem: channel insuf-
ficient for 200-year flood 
and close between two 
roads.

““EducativeEducative”” (mandatory) advices(mandatory) advices

new enlarged channel new enlarged channel 

New levee
(in the old road place)

River Authority advice:
Channel enlargement and 
road displacement!

New road New road 
(moved)(moved)

old channelold channel

•• levees heightening?levees heightening?
•• channel dredging?channel dredging?
•• lateral floodwater detention facility?lateral floodwater detention facility?



Third lane of motorway: Third lane of motorway: 
Mitigation? No, improvement!Mitigation? No, improvement!

Magra Magra RiverRiver

Motorway today Motorway today 
(on embankment)(on embankment)

ecologicalecological
passagepassage

newnew
leveelevee

floodedflooded
made areamade area

Motorway tomorrowMotorway tomorrow
(stretch on viaduct)(stretch on viaduct)

Motorway working Motorway working 
also as leveealso as levee

wetlandswetlands



Bank protection or sediment equilibrium?Bank protection or sediment equilibrium?
bank revetment

Traditional approachTraditional approach

eroded area

non-intervention

More fitting approach: More fitting approach: bank revetments goodbye!bank revetments goodbye!

• hydraulic works costs higher than land value 
• Bank erosion is useful for sediment redress



Functional Mobility BeltFunctional Mobility Belt

actual channel

Functional Mobility Belt

potential
erosion
belt      +

2000
1954
1971
1981
1992
1995

Active channel

recent channels
overlapping =

(freedom for rivers)(freedom for rivers)

Rinaldi (UniFI), 2005 IRIS sas (www.irisambiente.it)

River Pertinence Belt 

Functional Mobility Belt 

> nature < works

< costs

> sediments equilibrium

< coast erosion

< risk



Equilibrium achieved, fluvial 
processes and habitat restored

4- equilibrium

2- trigger

Bank Bank revetmetsrevetmets remotionremotion
sinuosity recovery, 

floodplain growing 
vegetation taking root

3- evolution

Channel morphology, 
edaphic conditions and 

vegetation growth controlled 
by well developed floodplain

Fluvial Mobility Belt Fluvial Mobility Belt spontaneous restorationspontaneous restoration

1- start
Bank revetments and 
rectified channelBinder, 2000



Water crisis: Water crisis: 
looking on futurelooking on future

1958

10,20 m

alveo non inciso

falda elevata

F. Magra

m   
10 –
0 –

-10 –
-20 –
-30 –

incised channel

~6 m depressed water table

raising water table; 
re-establishing 

underground water 
resources!

G. Raggi, 1981, mod.

water
crisis



River bed River bed aggradationaggradation
water table raising water table raising 
less water crisisless water crisis

Tomorrow

Today

water table (tomorrow) 

water table (today) 

river bed (tomorrow) 

river bed (today) 



Potential 
of recharge

Potential of recharge from landslides

Landslide 
activity

Links 
to rivers

Lithologic
potential+ +

Channel sediments feedingChannel sediments feeding
(from landslides)(from landslides)

Rinaldi (UniFI), 2007



Channel sediments feeding: Channel sediments feeding: 
conservativeconservative measuresmeasures

Landslides: 
non-intervention

Linked slopes: 
non-intervention

Eroding banks:
non-intervention

Do no build weirs Do no build 
bank protections

River works:
no maintenance

Rinaldi (UniFI), 2007



Channel sediments feeding: Channel sediments feeding: remedial measuresremedial measures

From weirs From banks From terraces

From dams
From aggrading 
dangerous sites From aggrading 

stretches

Sediments Sediments 
mobilization mobilization 
and transferand transfer

into incising
sites

Rinaldi (UniFI), 2007



terrace

Channel sediments feeding Channel sediments feeding (from terraces)(from terraces)

River terrace (ex floodplain) 

digging

digging

terrace

new
floodplain



MagraMagra River Basin AuthorityRiver Basin Authority

FarFar--sightednesssightedness

Good planningGood planning

ResearchesResearches

MultiMulti--objective objective 
approachapproach

CostCost--benefit benefit 
analysisanalysis

MoreMore
NatureNature

MoreMore
SafetySafety

MoreMore
ResourcesResources

LessLess
CostsCosts

Thanks for your attentionThanks for your attention


