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VENICE 

PORT 

A  complex  system 

           LAGOON 



Salt marshes 

Fish farms 
Historical places   

Torcello year 900 

Barrier Islands 

 A complex system 



Land / Water  interaction 

a XVII  century  concept  of  co-evolution  



The Venice lagoon risks 

Flooding Coastal erosion 

Loss of habitat Pollution 



Coastal protection 

Reinforcement of the littoral  

and jetties 

Envinronmental Resilience 

Protection and reconstruction 

of structures and habitats  

An integrated system of measures 

Control and management 

Studies, surveys, monitoring 

Flood protection 

Mose system 



Building with Nature:  a beneficial interaction of structural measures 

and natural processes 



From a foot-print to a salt-marsh 

A Shelter Open to Natural Transport of Organic Matter and Solar Energy 



Self-structuring communities:  microbial mat biostabilization 





An evolving landscape :  
    from 50 year old salt- marsh (on the right) 

to  5 year old new shoals (on the left) 

artificial  landscape  by  compaction of  sediment  fills 



Accretionary processes driven by protective measures: 

Geo-synthetic Gabions and Oyster reef   



  

 

  

 

1930 

168 km2 

2000 

60 km2 

1970 

105 km2 

LOSS OF INTERTIDAL HABITAT DUE TO R.S.L.R 



Anno

Profondità 

media

del fondale 

(m)

Crescita relativa 

dell'azione

erosiva dovuta al moto 

ondoso da vento

1800 0.45 100

1900 0.60 200

2000 0.95 800

2100 1.25 1600

Exponetial damages on wave protections 



STATE OF REFERENCE PRESENT STATE 

Only opportunistic species  

(reduced biodiversity) in 

anoxic sediment 
Oxidized layer 

Deep channel 

Shoals Low depth (0.5 m b.s.l.)  

Low waves 

Siltation  of  channel  

Abundance of eel – grass 

and of benthic species 

High waves 

High turbidity 

Agitated waters 

Sediment resuspension  

No shoals,  

deepening and flattening  

of the tidal flat (>1.0 m b.s.l.) 

Low turbidity 

Calm waters 

LOSS OF BENTIC COMMUNITIES 



Re-use of dredged sediments in confined areas for 

constructed salt marsh habitat 



During 26 years   1987-2013 

a volume of 20.000.000 m3 of 

sediment  

from maint. dredging 

has been re-used on 15 km2  

for building 106 salt marshes 

and 18 tidal flats 



Evolution stages  of constructed salt marshes 



Vegetation Birds Ponds and tidal creeks 

Stadio 0 < 2 Months 

absent absent 

Mean elevation of 

surface a.s.l. 

Flooding time  <3%  

+0.70 – 1.00 m a.s.l. 
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Mean elevation of 

surface a.s.l. 

Vegetazione Avifauna Rete Idrica Vegetation Birds Ponds and tidal creeks 

absent 

+0.40 – 0.70 m a.s.l. 

Flooding time  3-25%  

< 1 year 
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Mean elevation of 

surface a.s.l. 

Vegetazione Avifauna Rete Idrica Vegetation Birds Ponds and tidal creeks 

+0.30 – 0.60 m a.s.l. 

Flooding time  8-40%  

1-3 years 
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Mean elevation of 

surface a.s.l. 

Vegetazione Avifauna Rete Idrica Vegetation Birds Ponds and tidal creeks 

+0.20 – 0.50 m a.s.l. 

Flooding time  20-55%  

3-5 years 
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Mean elevation of 

surface a.s.l. 
Vegetazione Avifauna Rete Idrica Vegetation Birds Ponds and tidal creeks 

+0.20 – 0.40 m a.s.l. 

Flooding time  30-55%  

>5 years 
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6 months:  Compaction  



2-3 years: Colonization 



5 years:  Natural adaptation to sea level rise  



  

ADAPTATION TO RSLR 

0.5 cm/year ACCRETION ON CONSTRUCTED SALT MARSHES 



Limonieto 

Sarcocornieto 

Salicornieto 

Constructed salt-marsh habitats 



Endangered Breeding Species 

at Constructed Salt-Marshes (years 2005-2006) 

Avocet (39-44 pairs) 

Redshank (94-136) 

Black-winged Stilt (96-69)  

Kentish Plover (34-71) 

Oystercatcher (31-38) 

Shelduck (12-17) 

Little Tern (115-205) 

Yellow-legged Gull (553-

1057) 
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IN  C OR S O

QUALITA' AMBIENTALE DELLE BARENE ARTIFICIALI

verde: le barene in linea con l'evoluzione attesa

arancione: barene che necessitano di interventi di 

naturalizzazione

rosso: barene che necessitano di rimodellamento della 

superficie

ENVIRONMENTAL VALUE OF  

CONSTRUCTED SALT MARSHES: 

Green: in line with expectations; 

Orange: naturalization work required 

Red:  change in elevation required 

AGE (YEARS) 



Protected beach nourishment 



Pellestrina  barrier island 
14 year after nourishment 



Sediment fence  dune management 



 

• Fresh-water wetlands at river outlets 

 

• Salt- Marshes 

 

• Dunes (Ammophila littoralis) 

 

•  Shoals of microbial mats 

 

• Tidal flat vegetation (eel-grass) 

 

• Oyster reefs 

 

Bio-structuring habitats are the result of primary 

production acting on designed partially confined areas 

open to the natural flow of sediments and solar energy 

http://upload.wikimedia.org/wikipedia/commons/1/1e/Ammophila_arenaria.JPG


Benefits/Processes of  

Bio-Structuring Habitats 

• Protection from wave erosion and littoral overtopping  

 

• Wetland adaptation to Relative Sea Level Rise  

 

• Wetland sequestration of sediments, pollutants, and CO2 

 

• Conservation of landscape, biodiversity and species of economical 
interest (fishes, birds) 

  

 



Flooding 





1 DEC 2008…156 

Flooding 

 > 140 cm 

  4 Nov 1966   194 cm 

22 Dec 1979    166 

  1 Feb 1986    159 

  1 Dec 2008   156 

12 Nov 1951   151 

 11 Nov 2012  149 

16 Nov 2002   147 

16 Apr  1936   147 

25 Dec  2009   145 

15 Oct  1960    145 

24 Dec  2010   144 

23 Dec  2009   144 

  6 Nov 2000    144 

  3 Nov 1968    144 

  1 Nov 2012    143 



Urban  Adaptation 



Piazza San Marco - vulnerability 

  

Overtopping 

Back-flow 

Seepage 



Piazza San Marco – the solution 

  

Paving and conduits after works 

 1. restored paving 

 2. drainage system 

 3. layer of bentonite 

 4. new rainwater drainage system 

 5. restored and filled conduit 



Piazza San Marco – the solution 



Venice, Tolentini area. The solution 

 

Before   

   

After  

Raising of banks and pavements 



Chioggia city - baby mose 



RE-USE OF DREDGED SEDIMENTS PROTECTED BEACH NOURISHMENT 

    THE  VENICE SOLUTION OF BUILDING WITH NATURE 

STORM SURGE BARRIERS  AT 

LAGOON INLETS URBAN ADAPTATION 





Storm surge barriersSto 

Storm Surge barriers 



How the floodgates work 


































