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e I trend di sviluppo costiero in Europa e nel mondo

e E’" auspicabile e possibile un modello di sviluppo
costiero sostenibile? Ravenna come porto modello
nell'ambito del World Harbour Project

o Disegnare con la natura: opportunita e benefici

e Ricerche in corso e necessita future
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Sviluppo urbano costiero in Europa nggglr?]rz](a)17

>50% coste modificate da costruzioni,
infrastrutture portuali, difese costiere, impianti di
acquacoltura e piattaforme offshore

Lo sviluppo di
infrastrutture in mare
cresce globalmente
da 3.7% yr-1
(portualita) a 28.3%
yr-1 (energie
rinnovabili e offshore)
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LILYPAD - Floating ecopolis for climate refugees, Oceans
2008-2017, World

In Europa 50 m persone vivono in
aree costiere a rischio di
allagamento con crescente
necessita di protezione costiera

© Denis Lacroix, Ifremer and Malo Lacroix (Source:
Lacroix and Pioch, 2011, p.133).


http://www.ravenna2017.it/

Le citta stanno investendo in spazi verdi e architettura QRave

ecosostenibile ma questi sforzi progettuali raramente nNna
includono la considerazione che ambienti marini “blu” haggio 20 17

siano una componente integrale del paesaggio e del
rlnnovamento urbano

Vi

----------

OSTACOLI
» Scarsa consapevolezza
» Scarse conoscenze
» Tecnologie limitate

Photo L. Airoldi
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World Harbour Project eRﬁXS,I?
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Coordinato dal Sydney Institute of Marine Science (Australia)
attualmente include 25 porti in tutto il mondo

Working

Water and Sediment Quality
= v, Y
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2 Green Engineering ‘I ?
3 Multiple Users @ ? ? ?f ?
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4 Education and Outreach £ S

Costruire un network globale di porti e ambienti urbani costieri
resilienti e produttivi attraverso l'innovazione e una maggiore
comprensione dei valori e delle minacce condivise

al Studies in Marine Science 8 (2016) 217-219

Contents lists available at Science Direct

SCIENCE

Regional Studies in Marine Science

journal homepage: www.elsevier.com/locate/rsma

www.ravenna2017.it

Introduction to the special issue on the World Harbour Project @c«»ssMark
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Working Group 2:

Green engineering

Progetti a breve termine Progetti alungo termine
Test pilota sperimentali su scala globale Sviluppare legami forti con il mondo delle

di nuovi materiali, tecnologie, approcci ~ iImprese e le autorita per sviluppare prototipi
eco-sostenibili dimostrativi e testarne la validita e i costi-
benefici :
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Image reproduced from: Ferrario et al
(2014) Nature Communications, 5,
3794
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Different harbours similar solutions? 'r%gggI32017
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ECORES EuroMarine and World Harbour Project
(www.worldharbourproject.org) joint workshop

34 participants from 11 countries from all over the world
4-6 May 2016, Ravenna, Italy

www.ravenna2017.it
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Soluzioni Eco-sostenibili . Irgma 7
Disegnare/gestire ecosistemi artificiali/ibridi in aree marine ur“b"%gﬁ% ;I

in modo che abbiano valore sia per 'uomo che per I'ambiente,
restaurando/rivitalizzando servizi ecosistemici fondamentali per il
benessere dell’'uomo

b

Regulating

* Coastal
protection

» Water purification

* Nutrient cycling '
Photo: North Carolina Coastal Federatlon 2

Cultural

» Tourism
* Recreation
* Research

Supporting

* Primary
production
(Oxygen)

 Carbon
sequestration

* Biodiversity

Photo L. Airoldi=7"

The Vicissitudes, by Jason deCaires Taylor
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Esempi di soluzioni eco-sostenibili per il disegno di
infrastrutture marine (per supportare attivita
ricreative, educative, di turismo acquatico ...)

Bloblocks — L. Flrth et aI 2014

EECO ol B =

Concrete Ecological Solutions = i
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Es: Test sperimentale in corso sulle dighe 12201/
foranee del porto di Ravenna

Tlles from Straln Blshop and Stelnberg and Reef DeS|gn Lab
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Test pilota globale su diversi tipi di
superfici e tecniche di “giardinaggio”

di organismi marini (World Harbour
Project)
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Il ripristino di ecosistemi naturali puo essere integrato
all'interno di progetti ingegneristici “ibridi” riducendo la
necessita di “costruire” e/o riducendo gli interventi di
manutenzione

Conventional coastal engineering Ecosystem-based coastal defence
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Ad esempio molti habitat naturali sono eRﬁHS
in grado di proteggere le coste in risi2 2017
maniera efficace e resiliente...

nature
gCOSCICIlCC

Home = Current issue Commen t | Research = Archive v = Authors & referees ¥ | About the joumnal ¥

home » archive » issue » letter » full text

:Oq/\ narure ceoscence | Lerrer 2014 < 2
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CO| ICATIONS z
- Wave attenuation over coastal salt marshes under
storm surge conditions

ARTICLE

Received 3 Aug 2013 | Accepted 3 Apr 2014 | Published 13 May 2014 | Dot: 10.1038/ncommsa794 OPEN . . 3 S
- Wesenbeeck, Guido Wolters, Kai Jensen, Tjeerd J. Bouma, Martin Miranda-Lange & Stefan
The effectiveness of coral reefs for coastal hazard Schimmels

risk reduction and adaptation

Iris Moller, Matthias Kudella, Franziska Rupprecht, Tom Spencer, Maike Paul, Bregje K. van

Filippo Ferrario'?, Michael W. Beck® Curt D. Storlazzi%, Fiorenza Micheli®, Christine C. Shepard3
& Laura Airoldi"5

Study finds that natural flood defences such as salt marshes can
reduce the height of damaging waves in storm surge conditions by
close to 20%.
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Table 1 | Costs of construction or significant maintenance intervention for tropical breakwaters.

= \ Location Source (refs)  Length (m) Year Original cost (§)  Cost' 2012 (§) 2012 Unit cost (S m 1)

Sri Lanka 64 16,0007 1994% 13,400,000 20,759,511 1,297

ammn Maldives 16 i 19974 10,000 14,305 14,305
Haleiwa, Hawaii 65 58 1975 150,000 640,132 1,037

Hilo, Hawaii 65 3,073 1946 1,500,000 17,661,077 5747

L[] Kalaupapa, Hawaii 65 35 1967 95,000 653,037 18,658
Kawaihae, Hawaii 65 808 1973 6,000,000 31,026,216 38,399

I Manele, Hawaii 65 143 1965 742,850 5,414,410 37,863
Nawiliwili, Hawaii 65 152 1959 1,000,000 7,889,828 51907

Pohoiki, Hawaii 65 27 1979 335,500 1,061,003 39,296

Auasi, American Samoa 65 206 1981 1,166,300 2,945,825 14,300

Aunuu, American Samoa 65 27 1981 2,018,400 5,098,048 188,817

Tau, American Samoa 65 88 1981 2,020,400 5,103,099 57,930

Agana, Guam 65 221 1977 1,220,550 4,624,273 20,924

Sungai, Malaysia 66 i 2008 428 456 456

3,000

40

2010
2012

124,000,000 130,561,214 43,520
180,950 180,950 4,524

COMMUNICATIONS Finterventions located on the west coast of Sri Lanka (Negombo and Moratuwa).

§Costs originally given in § m .

Korea 67
v \ Nakhon Si Thammarat, Thailand 68
namre — - - - - —
*Project costs were adjusted from year of project completion to 2012 US§ using the enline inflation converter available at www.usinflationcalculator.com.

{Date of construction unavailable. Year refers to when the cost estimate was determined in the source publication.

ARTICLE Table 2 | Costs of coral reef restoration projects.

Received 3 Aug 2013 | Accepted 3 Apr 2014 | Published 13 May 2014 OPEN R
. Restoration technique Location Source Year Original :osl 2012 Unit cost” 2012 Linear u‘nil cost’

The effectiveness of coral reefs for coastal hazard {rets) $m% m % @m-H

. . . Paving slabs + chain-link fencing Maldives 62 1994 40 62 620

risk reduction and adaptation Armorflex Maldives 62 1994 103 159 1590

Armorflex + coral transplantation Maldives 62 1994 151 233 2,330

- 212 e 3 - . 5 . 3 Concrete Blocks Maldives 62 1994 328 508 5,080

Filippo Fer'rarm'1 g Michael W. Beck?, Curt D. Storlazzi®, Fiorenza Michel®, Christine C. Shepard Concrete structures + coral transplantation Florida P 1991 550 027 927

& Laura Airoldi’ Concrete structures + coral transplantation Florida 69 1994 10,000 15,500¢ 155,000

Rock stabilization Indonesia 70 2005 5 6 60

Reef Ball Various 70 2005 40 47 470

EcoReef Various 70 2005 70 82 820

Biorock Various 61 2005 1.6-110 2-129 20-1,290

Marine Sanctuary.

*Project costs were adjusted from year of project completion to 2012 USS using the enline inflation converter available at wwwusinflationcalculator.com.
+Estimated cost per 1m length of shoreline enhancement: 2012 Unit cost x 10; see Methods.
1The costs of caral restoration alone were not published, hence this estimate also includes funding used for compensatory restoration and grounding prevention elsewhere in the Florida Keys National

Table 1. Costs and Coastal Protection Benefits of Restoration Projects.

Habitat Reported Restoration Estimated Replacement % of Projects % of Projects in % of Projects
Project Costs” as US $ Per Cost Ratios*: Average implemented for High Exposure reporting coastal
m?: Median (Range) (95% CI) coastal protection Regions * protection benefits®
Coral Reefs 115.62 (2-7490) NA 5 80 ER-5; FL-5
(n=19)
Oyster Reefs 135.63 (107-316) NA 75 50 NA
(n=4)
Salt-Marshes 1.11(0.01-33) 2(0.95-3.01) 69 77 ER- 6; FL- 41; ST-
(n=17) 18; BC-6
Mangroves 0.1 (0.05-6.43) 5 (3.1-6.9) 76 35 FL—50; ST- 34; BC-
(n=12) 41

n = total no. of projects for each habitat type. Cl = confidence interval.

~: Project costs not scaled; areas for which costs are reported vary across studies (see S3 Table).

*: Replacement cost ratio = submerged breakwater cost / nature-based defence cost (see Methods).

#: High exposure regions defined as regions with > 10 J/m? average annual wave energy based on global deep-water wave climate dataset in [44].

= Coastal protection benefit types = ER—savings in erosion damage costs; FL-savings in damages costs from storms; ST—savings in costs of adjacent
coastal structures; BC—project benefit / cost ratio > 1.

Note: some projects report multiple benefits (see S3 Table).

doi:10.1371/journal.pone.0154735.1001

@ PLOS | oxe

RESEARCH ARTICLE

The Effectiveness, Costs and Coastal
Protection Benefits of Natural and Nature-
Based Defences

Siddharth Narayan' *, Michael W. Beck?, Borja G. Reguero’, Ifigo J. Losada®, Bregje van
Wesenbeeck®, Nigel Pontee®, James N. Sanchirico’, Jane Carter Ingram®, Glenn-

Marie Lange®, Kelly A. Burks-Copes'®

www.ravenna2017.it
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Le soluzioni “eco” possono promuovere QRF?I]\F/'S
una Blue economy sostenibile 71819207/

Benefici ecologici- limitare la perdita di biodiversita " o
marina, ripristinare servizi ecosistemici, favorire A
un utilizzo delle risorse naturali piu sostenibile

Benefici sociali- maggiore resilienza ai
cambiamenti climatici, maggiore uso pubblico e
ricreativo, ricreare/rafforzare il legame tra le citta
e I'ambiente naturale

Nuove opportunita commerciali- nuovi mercati (es
turismo acquatico), minori costi di difesa o
mantenimento delle strutture, premialita del
mercato per modelli sostenibili
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Questioni aperte

» Cosa, dove e quando: come prendere le decisioni?

» Quali sono i fattori ambientali, sociali, economici, e
strutturali che controllano il successo di interventi eco-
ingegneristici?

» Come progettare sistemi socio-ecologici urbani marini che
siano in grado di rispondere ai futuri cambiamenti globali
del clima e di altre condizioni (e.g crescente uso del mare)?

PERSPECTIVE

Ecosystem-based coastal defence
in the face of global change

|||| mme H T erd 1[Bouma’l Pet I. Herman”. Tom Ysel BU & Huib J. De Vriend*

1venna2017.it

Figure 3 | Ecosystem-based flood defence. A man-made marsh in the

C Pe r ko I F | n IS? N C R ET E Scheldt estuary, Belgium, protects more landward, densely populated areas from

storm surge flooding. The sluice (inset) allows daily tidal flooding of the marsh.
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WHAT IS THE PROTECTIVE VALUE OF COASTAL
ECOSYSTEMS AND WHAT FACTORS CONTROL IT?

Estimating factors affecting erosion control by natural
and restored saltmarshes

« Multiple stressors (nutrients, species invasions etc)

3D image

rendering from
photos taken at
different angles
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Creatmg 3- D models to estlmate volume loss of samples (n CGMEMQ@@;@
with Tjeerd Bouma NIOZ and Carl Van Colen University of Ghent)
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Necessita future eRﬁ\ﬁSW

17-18-19
magglo

Ricerca e sviluppo teconologico intersettoriale

» Ecologia e funzionamento degli ambienti marini urbani
» Valuazione dei beni e servizi ecosistemici

» Tecnologie Blu/verdi

» Progetti dimostrativi

Formazione, networking, comunicazione

APRIL 30,2015 | Albany, NY

Governor Cuomo Announces $S60 |
Million Living Breakwaters Barrier to W

Protect Staten Island Shorellne a&'" ‘: : ’:
Habitat

NYRISING

http://www.rebuildbydesign.org/our-work/all-
proposals/winning-projects/ny-living-breakwaters

www.ravenna2017.it

www.worldharbourproject.org
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World Harbour Project

If you would like to learn more about
the World Harbour Project please
visit

-
http://sims.org.au/research/long-

term-projects/world-harbour-project/ Water and Sediment Quality
Or (_:ontact: P_rofessor Peter_ > Green Engineering ”
Steinberg, Director WHP, Director & >
CEO SIMS ,

3 Multiple Users
p.steinberg@unsw.edu.au
Or contact: Prof. Laura Airoldi : Fducation and Outreach

(laura.airoldi@unibo.it) co-leader of
Green Engineering tasks

Find us on hitps://www.facehook com/
#WorldHarbourProject Facebook Wo I%TIB?O]W
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WHAT FACTORS CAN ENHANCE THE
LONG TERM-PERSISTENCE OF
COASTAL ECOSYSTEMS?

Experiments to predict the outcomes of alternative
management scenarios for the long-term
persistence of saltmarshes in multi stressed
environments

SRR ~m;’;§! ?
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FLSEVIER journal homepage: www.elsevier.com/locate/marenvrev

Nutrient levels modify saltmarsh responses to increased inundation in @c A
different soil types

Joanne X.W. Wong * *, Carl Van Colen *, Laura Airoldi *

e e o et Beth Strain
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