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A complex system
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Land / Water interaction
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An Integrated system of measures

Envinronmental recovery

Securing polluted sites, unprovemenr ﬁ ‘ il =l 4 Raising of banks and pavements
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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
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An evolving landscape :
from 50 year old salt- marsh (on the right)
to 5 year old new shoals (on the left)
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artificial landscape by compaction of sediment fills
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Accretionary processes driven by protective measures:




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

BOCCA DI
MALAMOCCO

1970
105 km?




Exponetial damages on wave protections

variazione di quota per effetto della subsidenza

medio mare

variazione di quota

per effetto dell’eustatismo

variazione di quota
per effetto
dell’erosione del fondale

e della subsidenza

Profondita Crescita relativa
Anno media dell'azione

del fondale @ erosiva dovuta al moto

(m) ondoso da vento

1800 0.45 100
1900 0.60 200
2000 0.95 800
2100 1.25 1600




LOSS OF BENTIC COMMUNITIES

STATE OF REFERENCE

Low waves

" \A,u

Low dep'm (0

Abundance of eel — grass

and of benthic species

Oxidized Iayer ( 12/

Low turbidity
Calm waters

Deep channel
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| Only opportunistic species
(reduced biodiversity) in
anoxic sediment




Re-use of dredged sediments in confined areas for
constructed salt marsh habitat
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During 26 years 1987-2013

a volume of 20.000.000 m3 of
sediment

from maint. dredging

has been re-used on 15 km?
for building 106 salt marshes
and 18 tidal flats




Evolution stages of constructed salt marshes
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StadIO O m < 2 Months

Mean elevation of
surface a.s.l. Vegetation Birds Ponds and tidal creeks

-
- absent !l Gabbiano reale (Larus michahellis) H absent

Flooding time <3%

+0.70-1.00 m a.s.l.




Stadio 1

Mean elevation of
surface a.s.l.

I

Flooding time 3-25%
+0.40-0.70 ma.s.l.

M <1 vyear

Vegetation

- Salicornieto

Gabbiano reale (Larws michahellis)

Frating [(Charadrius alexandrinus)

Beccaccia di mare (Hagmatopws
astralegus)

Fraticello {Sterna albifrens)

Ponds and tidal creeks

- absent




Stad iO 2 m 1-3 years

Mean elevation of Vegetation

surface a.s.l.
- Salicornieto

Flooding time 8-40% -
Sarcocornieto

+0.30 - 0.60 m a.s.l.

Gabbiano reale (Larus mickahelis)

Fratina (Charadrius alexandrinus)

Beccaccia di mare {Haemaropes
astralequs)

Fraticello {Sterna albifrons)

Ponds and tidal creeks

. Rete di ghebi ¢ chiari ben

distinguibile



Stad |O 3 m 3-5 years

Aggregazione ad Halimione
poriulacoides e aggruppamen _

a Svaeda maritima ?
Cavaliere Fratino

Mean elevation of Vegetation Birds Ponds and tidal creeks

surface a.s.l. -
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Sarcocornleto reale (Larus (Tnnga

michahellis) fotamus)
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+0.20-0.50 m a.s.l.

d'ltalia (Charadrius
(Haematopus alexandrinus)
haematopus)
é Avocetta 1, Beccaccia
(Recurvirostra di mare
avesetta) (Haematopus

ostralegus)




Stadio 4 I

>5 years
Mean elevation of Vegetation Birds Ponds and tidal creeks
surface a.s.l. -
i Gabbiano A,l Pettegola . Superficie ad acgua pari al 208
v Sarcocornieto reale (Larus (Tnnga del totale e rete ben sviluppata di

michahellis) totamus) ghehi & chiarl

Beccaccia k Germano

di mare reale (4Anas
(Haematopus platyrynchos)
Aggregazione ad Halimione ostralegus)

JdJ
portulacoides e aggruppamenti =
a Svaeda maritima '*_
Cavaliere Fratino

Limenieto
Flooding time 30-55%

+0.20-0.40 m a.s.l.

d’ltalia (Charadrius
(Haematopus alexandrinis)
haematopus)

Avocetta
(Recurvirostra
avesetta)




6 months: Compaction




2-3 years: Colonization




5 years: Natural adaptation to sea level rise
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ADAPTATION TO RSLR
0.5 cm/year ACCRETION ON CONSTRUCTED SALT MARSHES




Constructed salt-marsh habitats

Sarcocornieto,
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Endangered Breeding Species
at Constructed Salt-Marshes (years 2005-2006)

.

Avocet (39-44 pairs)
Redshank (94-136) s
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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. AGE (YEARS) ENVIRONMENTAL VALUE OF
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ACN nourisnment

‘;ZB—— "

.. . ERACLEA 1° fase
- 3 300.000 mc
.}.: » CORTELLAZZO ultimato
~./ 587.000 mc

-~ JESOLO ultimato
; 600.000 mc

CAVALLINO ultimato
2.000.000 mc

LIDO in corso
300.000 mc

PELLESTRINA ultimato
4.000.000 mc

. SOTTOMARINA ultimato
*20.000 mc

ISOLA VERDE ultimato
450.000 mc




Pellestrina barrier island
14 year after nourishment
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Sediment fence dune management
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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

* Fresh-water wetlands at river outlets

o Salt- Marshes

« Qyster reefs


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)
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Flooding in Venice at the tum of the 20th century

W100cm

Increase in the frequency of floods evenis
in Venice between 1901 and 2010

70

60
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no area

is flooded

M120cm
W140 cm

e,

1901-1910

1911-1920

1921-1930

1931-1940

1941-1950

1951-1960

1961-1970

1971-1980

1981-1990

1991-2000

2001-2010

100 cm
HW120 cm
M 140 cm

4 Nov 1966
22 Dec 1979
1 Feb 1986
1 Dec 2008
12 Nov 1951
11 Nov 2012
16 Nov 2002
16 Apr 1936
25 Dec 2009
15 Oct 1960
24 Dec 2010
23 Dec 2009
6 Nov 2000
3 Nov 1968
1 Nov 2012

194 cm
166
159
156
151
149
147
147
145
145
144
144
144
144
143




rban Adaptation




Plazza San Marco - vulnerability

Tide levels B G\crtoppin
B <70cm S =

g
B 70580 cm
" 80/90 cm
90/100 cm




Plazza San Marco — the solution

Paving and conduits after works s S ;
1. restored paving !l E :
| [T] -L, 7
2. drainage system . .\'.4,
3. layer of bentonite DE]?Q '_ P ;"\’j_\,: A
4. new rainwater drainage system l
5. restored and filled conduit o
;a ! I .
ogooa |
0o 0oo0 i ’ 1l ay !
ooo sl |
1 m % oo ; | T |F
\ UJ —-- _-—- = :
T} - .
restored
underground restored layer
tunnel pavement of sand
new new new
underground underground underground
infrastructure layer of rainwater infrastructure
network bentonite collection conduit |network




Plazza San Marco — the solution




Venice, Tolentini area. The solution

Before | After
Raising of banks and pavements



Chioggia city - baby mose

< Canal Vena




THE VENICE SOLUTION OF BUILDING WITH NATURE
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Malamocco inlet

Start of work
End of work espectea)
Progress of work

Employment irect and indirect
Boats involved

Mose System

2003
2016
80%
4000
100



Storm Surge barriers

mare




How the floodgates work

Defence against exceptionally high tide

. <110 . +L10 +1.10 N . +2.00
_ -14.00 -14.00 _ -14.00
b c
+1.10
-14.00
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Lido. The new lay-out
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The new lay-out -" = ﬂ ‘
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@Rowofgates (Lido - ) UL G ¥

Treporti)
New island between the .
rows of gates e
Row of gate (Lido - S. _
Nicold) < B
(5) New configuration Lido;S. NicoloR” S
of the south bank o -
@ Breakwater
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' February 2012. The
“+housing structures and
the aboutments of the
North Lido barrier are
completed
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Male and female
elements

male element

female element
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May 2012.
Launch of the first
abutment caisson

.




Lido. Caissons




Arrival in the lagoon ' -
of the first two gates
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Gates

Preliminary works
before the installation
of the gates for the
North Lido barrier.
Connection of the
male hinge




Lido. The inlet today

-

refuge haven







The dry docks
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