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Foreword
 The Summer School “Reinventing places” held in Summer 2017 originated from the wish of 
the Provveditorato per le Opere Pubbliche del Triveneto together with the Consorzio Venezia Nuova  
to publicize the rick know-how acquired with the realization of the MoSE system. The latter one 
comprises not only the flood barriers per se, but also the complementary interventions aimed at 
the coastal and environmental protection of Venice and its lagoon. A wealth of multidisciplinary 
knowledge and skill has been created by the MoSE system, which now represents an important and 
positive spin-off. As an advanced technology put at the defense of a unique and special territory, 
MoSE must offer testimony of these accomplishments by giving national and international 
prominence to the technological excellence accumulated during the last decade.

 The idea of using the MoSE as the study object during a Summer camp was proposed and 
immediately accepted by the University of Venice IUAV and the Massachusetts Institute of 
Technology of Cambridge, US. The MoSE hence became the focus of a dialogue between two 
major Schools, Architecture and Urban Studies in Venice; Science and Technology in the US, 
establishing a multidisciplinary, international collaboration.

 The choice of the site for the Summer school was clear and unavoidable: the Pellestrina island 
and, specifically, the building yard and the village of the workers at the Malamocco inlet. The latter 
one had already hosted technicians of different extraction, engineers, architects, construction laborers 
all involved in a work of high technological innovation. The existing structure was ideal to become 
a Summer camp and host teachers, tutors and students ,all sharing the same housing and further 
investigating the works carried out in the same location.

 About 20 students from the two institutions, IUAV and MIT, lived in the camp, divided in 
three multidisciplinary groups under the guidance of IUAV and MIT professors and tutors. Some of 
the MIT students remained for a further Summer stage , hosted by IUAV and CVN, and profiting from 
guidance also by the CVN engineers. The living and intellectual experience of students coming from 
different countries and cultures, and sharing a common educational experience, was without doubt 
the main reason of the great success of the school.

 This booklet collects the reports not only of the groups working during the first two weeks, but 
also of those students who continued their projects during the Summer under different supervisors.
We hope it will just be the first of many more to come.

 We thank Dr. Ing. Roberto Linetti, President of the Provveditorato per le Opere Pubbliche del 
Triveneto and his Deputy , Dr. Cinzia Zincone for their continued support of the School. We thank 
also the Consorzio Venezia Nuova for the promotion of the idea, the logistical coordination and 
tutorial assistance to our students. Particular thanks are given to Dr. Elena Zambardi, 
Communication and external relation Department Manager.

Paola Malanotte, Editor
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Prefazione
 La Scuola estiva “Reinventing places” che si è tenuta nell’estate del 2017 è nata dalla volontà 
del Provveditorato per le Opere Pubbliche del Triveneto condivisa con il Consorzio Venezia Nuova di 
diffondere e valorizzare il know how acquisito con la realizzazione del Mose: l’ampio programma di 
interventi per la difesa ambientale e costiera dell’intero ecosistema lagunare veneziano.

 L’idea di affrontare il Mose quale oggetto di studio in un campus estivo, nata durante una 
visita ai cantieri, è stata subito accolta con grande interesse dall’Università IUAV di Venezia e anche dal 
MIT Massachusetts Institute of Technology di Boston (USA). Il Mose diventava dunque argomento 
di dialogo e confronto tra due importanti Scuole di architettura, urbanistica, ingegneria e tecnologia, 
attivando uno scambio internazionale e multidisciplinare. Il fatto che esistesse già un villaggio operai 
attrezzato ha portato inevitabilmente alla scelta del luogo dove svolgere la Scuola: l’isola di Pellestrina. 
Utilizzando, riciclando e reinterpretando un luogo che da area di lavoro – dove tecnici di diversa 
provenienza e formazione (operai, ingegneri, geografi, architetti e altro ancora) si erano cimentati 
nella costruzione di un’opera di alta tecnologia – è diventato area di studio e riflessione proprio sul 
lavoro che lì era stato svolto.

 Per circa 10 giorni, 20 studenti insieme a docenti e tutors si sono confrontati sul luogo in 
cui erano e sul Mose, formando tre gruppi trasversali tra i due Istituti. L’unicità e multidisciplinarità 
dell’opera oggetto di studio, la particolarità del luogo e l’incontro tra studenti provenienti da aree di 
studio e paesi diversi sono stati sicuramente gli ingredienti che hanno reso la Scuola un’esperienza 
di grande respiro. Alcuni studenti MIT rimasero per uno stage estivo ospitati dalla IUAV e CVN, 
profittando anche della supervisione di ingegneri CVN.

 Gli esiti prodotti sono riportati in questo volumetto che raccoglie sia i rapporti dei tre gruppi 
durante le prime due settimane di lavoro che quelli degli studenti MIT rimasti per lo stage estivo. 

 Ci auguriamo che sia il primo di una lunga serie.

 Ringraziamo il Dott.Ing.Roberto Linetti, Presidente del Provveditorato per le Opere Pubbliche  
del Triveneto , e la Dott. Cinzia Zincone, per il loro decisivo sostegno della Scuola. Rinraziamo 
inoltre il Consorzio venezia Nuova per la promozione dell’idea, il coordinamento logistico e 
l’assistenza scientifica ai nostri studenti. Particolari ringraziamenti sono dovuti alla Dott. Elena 
Zambardi, Responsabile Ufficio Comunicazione e Relazioni Esterne.

Paola Malanotte, Editore
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An Island and Its Inhabitants:
Participatory Planning in Pellestrina
By Silvia Di Meo and Giulia Galeotto
Supervisors  Prof.ssa Laura Fregolent, Università IUAV di Venezia
 Prof. Giulio Ernesti, Universita’ IUAV di Venezia

          The island of Pellestrina is a thin strip of 
land, 11.250 meters long and 3400 meters wide, which 
separates the Adriatic Sea from the Venetian Lagoon. 
It extends from nord-west to the south-east from the 
port of Malamocco to the port of Chioggia. The surface 
of the island is about 287 hectares and together with 
the island of Lido and the peninsula of Cavallino is 
the system of coasts that guarantee the existence of the 
lagoon of Venice dividing it from the sea with coastal 
works (Murazzi) dating back to XVII century: This 
is therefore a “vulnerable” territory (Variant for the 
island of Pellestrina, General Report, 2009). At the 
north and south ends, the island is completed by two 
wharves, both of which have been affected since 2013 
by the Mose system. The settlement structure turns 
from north to south for more inhabited settlements of 

ancient formation, connected integrally to the ancient system of gardens built for long and narrow 
lots orthogonal to the coastline, and non-built areas, agricultural or occupied from former military 
facilities, from production sites or even in the ends of the island, from areas of strong environmental 
and naturalistic interest. The building fabric, in the built-up areas, forms a continuous curtain on the 
lagoon front, interspersed orthographically by “carrizade” as a road system for distribution of both  
the houses and the back-garden system (P.A.T., Land Asset Plan, 2010). The island of Pellestrina 
has great potential on which the central administration and external planning seem not to insist, 
downgrading it to a “marginal” place without strategic attraction for new investments: the boost 
for the revival of Pellestrina therefore can, and must, come from its inhabitants, starting from very 
bottom-up processes. 

 At the end of May 2017, a group of students from the Iuav universities in Venezia and Mit in 
Boston took part in a two-week workshop on the island of Pellestrina. For two weeks, it was possible 
to stay on the island, inside the accommodation facilities of the Mose shipyard. During this period, 
we could approach the population and start to understand what their vision of the island and its 
problems were. To close the workshop activities was the charrette day of 29 June, a day of dialogue and 
discussion with the inhabitants of the island, the first opportunity to think together on the problems 
that afflict Pellestrina starting from those highlighted during the workshop. The topics discussed in 
this first meeting allowed to freely move in the definition of the problems and their urgency, giving a 
varied picture of points of view according to the characteristics of the participants.



REINVENTING PLACES8

 The ideas that emerged during the meeting needed to be analyzed, weighted and re-elaborated 
in the perspective of future meetings with the population, to allow the ideas to mature and, eventually, 
to arrive at a real design. We therefore decided to take the opportunity represented by the context of 
Pellestrina and make it the object of our master thesis, focused on the theme of participatory planning, 
with Pellestrina as the main case study. The mini-process we carried out took place over a period of six 
months on the island of Pellestrina, the largest island in the southern Venetian lagoon, which could 
problematize more and more in detail during the main moments of the work. The report of the field 
experience was divided into five phases: first approach and cognitive analysis during the Summer 
School period, first meeting with the citizens (organized according to the method of the charrette), 
second and third meetings that allowed to go down in design details of one of the proposed solutions 
and finally final presentation of the work carried out.

 The Summer School Reinventing Places Venice/Mose represented an important opportunity
to deepen the knowledge of the island of Pellestrina and its inhabitants. It was based on a 
multidisciplinary collaboration between the Department of Design and Planning in Complex 
Environments of the IUAV University of Venice and the Massachusetts Institute of Technology of 
Boston as guests and with the Venezia Nuova Consortium and the Provincial Interregional Agency for 
Public Works of Triveneto, as host organizations. The workshop was organized in two weeks between 
May and June 2017 and involved around twenty students from the mentioned universities.

 The aim of the research carried out in three lines of investigation was to elaborate a series of 
analyzes able to problematize from different angles, depending on the field of research investigated, 
the island of Pellestrina and Venice, connected to the impacts of the Mose project. The specific 
skills of the students, coming from the study of architecture and planning of the territory, the others 
from engineering studies, have produced an analysis of population, formulating plans to renovate 
urban spaces with contemporary technologies and a static and spatial analysis of the flood risk in 
the Venetian lagoon, creating forecasts for the year 2050 and 2100, through the analysis of historical 
data. At last, a third branch of analysis has penetrated the island territory through inspections and 
interviews during which the inhabitants of Pellestrina were asked what perception they had of their 
island, emphasizing the impact that the Mose project had in their daily experiences of the territory. 
The mapping of issues, problems and actors that characterize the island of Pellestrina today was the 
goal of exploratory work.

 To arrive at a cognitive picture of the current Pellestrina it was necessary to go down to 
the field, carry out inspections and let the territory be told by those who live there: only in this 
way is possible to perceive aspects of life and uses of the spaces that do not appear on paper. The 
exploration in the field was therefore articulated in surveys, interviews and extemporaneous analysis 
of less conventional sources and allowed to focus more clearly on the problems that characterize this 
territory.

 On the island, there are two main residential areas, Portosecco-San Pietro in Volta in the 
northern part and Sant’Antonio-Pellestrina in the southern portion, more than six kilometers 
distant from each other, both focus areas of the interviews sessions in more days. The interviews and 
inspections were conducted simultaneously, on different days and at different hours of the day. The 
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exploration started in some cases from north to south, in others from south to north, favoring the 
lagoon front to that of the Murazzi1 because of the greater presence of houses. The approach to the 
respondents was of a casual type, depending on the meetings held along the walk, keeping in mind 
however the intent to intercept any type of population present in the island (inhabitants, tourists on a 
day trip, tourists with property in island, traders, fishermen). Initial distrust was not a problem during 
the talks, thanks to the relaxed atmosphere that we managed to establish. Having reached a satisfactory 
level of interviews, most interviews with adults and elderly people immediately emerged, against the 
narrow number of interviews with young people. The interviews, where possible, were semi-structured 
and followed a broad list of questions, designed to orientate the interviewee and help him stay focused
on the theme of the interview. We have tried to ask open type questions for the most part, in order 
not to influence the interviewee’s thinking and to allow him to tell as much as possible about an event, 
a situation or a fact; the order of the same did not follow a strict lineup but privileged the flow of the 
discussion, adjusting to the situation and the progress of the interview. It was decided to set the tenor 
of the questions so as not to focus on a specific topic of discussion, to allow the interviewee to fully 
express his or her opinion, except for questions specifically related to tourism and Mose issues, for 
which it was considered more useful to collect many points of view. 

Below is the reference line of the questions, divided into five moments.

Cognitive phase
1.  What do you like about the island? (Describes with three words the aspects that you 
 appreciate of Pellestrina and three that you would like to improve instead)
2.  In what aspects is today’s island compared to that in your memory?
3.  How has the Pellestrina society evolved?

Live the island
4.  Do you live in Pellestrina?
5.  Have you ever lived outside Pellestrina? Why did you have to pass the residence?
6.  If you have children, have they chosen to continue living on the island or have they moved?
7.  How often do you leave the island? What kind of services are missing in Pellestrina that 
 oblige you to move elsewhere?
8.  To where do you move when you leave Pellestrina (Chioggia, Lido, Venice, Mestre)?
9.  (in the case of traders) What difficulties would encounter someone who starts a business 
 in Pellestrina?

Tourism
10. Do you believe that tourism could be an opportunity of development for the island?
11. What kind of tourist comes to Pellestrina?
12. What do you think of the increase in daily bike tourism?
13. How would you improve the offer of services to the tourist?
1 To counter the violent erosional phenomena able to reduce the shorelines to thin strips of land, since 1716 took place the powerful construction 
of the “Murazzi”, conceived by Father Vincenzo Coronelli and built on the design of the engineer Bernardino Zendrini (Consorzio Venezia Nuova, 1995). 
It is a stone wall interspersed with numerous breakwater spurs, which runs along the coast of Pellestrina. The Murazzi stretched along the coasts of 
Lido, Pellestrina and Sottomarina, on average 12 meters wide with a height of 4.30 meters above sea level (in Pellestrina only 1.50 meters above sea level).
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Mose Issues
14. Do you know the Mose project? Would you be able to describe it?
15. With the opening of the construction sites, two areas of the island have long been forbidden 
 to the inhabitants: what use did you do of those portions of the territory? Have you ever 
 returned to those areas, even just visiting the construction sites?
16. Some of the structures linked to the construction site of S. Maria del Mare are to be demolished 
 at the end of the works; still it’s possible that they will remain in the site for some time longer:
 what possible future use do you imagine for the labor camp or for the construction platform?

Questions for non-residents
17. (in the case of tourists with house property) What motivated you to choose Pellestrina for 
 years as destination of your holidays?
18. What do you look for when you arrive in Pellestrina?
19. What services are missing for tourists?
20. What periods of the year do you reach the island?

 Fifteen interviews were conducted, of which six were to non-residents in Pellestrina but met in 
the island. Of the fifteen completed interviews, three were scheduled by appointment and went further 
into the analysis of the problems. 

 Mr. Emilio Ballarin, former president of the Pellestrina District Council2 and expert of the 
island history, has helped to better understand the dynamics that have for years led the development of 
the island, telling how certain economic towing structures have failed in the last decade without being 
replaced by new structures.

2 Institution active until 2005, when it was replaced by the Municipality of Lido and Pellestrina (Del Todesco, 2012).
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 Also Mr. Danny Carella, the current Presidency of the Municipality of Lido and Pellestrina, 
and native of Pellestrina, has reasoned on the economic structure of the island, where the productive
and commercial activities that for years have allowed the inhabitants to live and work in the island,
are today always less able to offer work to new generations, forced to move to the Lido island or to
the inner land to find employment. The lack of work is therefore identified among the major causes
of the problem of depopulation in Pellestrina, but it is not the only one: even the level of the real
estate market is perceived as an obstacle to the continuation of the residence in the island, due to
the high costs of the buildings. The real estate stalemate is a consequence of the price increase in
the last decade, thanks to the widespread welfare condition linked to fishing activities; the
downturn in this sector was not matched by a fall in the price of real estate because the housing
offer continued to see an answer from outside, finding buyers from the provinces of Padua,
Vicenza and Verona or even from abroad.

 The real estate problem, which emerged in most of the interviews, was later investigated by
comparing the stories with detailed analysis of the real estate situation.

 Lastly, the theme of the relationship that such a marginal territory manages to have or does 
not have with central powers: the feeling of abandonment, already denounced fifteen years ago at the
time of writing the Variant of the Regulator Plan of Pellestrina, seems not to have been dampened
over the years, and both the inhabitants and their closest representatives (in the figure of Mr.
Carella) denounce the disconnect between the opinions of the islanders and those of the Municipal
Administration.

 Last of the structured interviews was the one with Mrs. Annalisa Busetto, an inhabitant of 
the island and vice-president of a social promotion cooperative active in Pellestrina and in Venice, 
during which she dealt with, among others, the issue of problems related to the Moses. Thanks to  
the knowledge related to her work contacts, who approach her for themes and places in the spaces
related to Mose, the lady could develop a precise opinion on the problems connected to it and on
their solutions; opinion that instead the ordinary citizen could not mature, because every
information about the Mose project is conveyed only through newspapers or television. A phase  
of dialogue with the population, which has undergone decisions taken by others, has disappeared
and a multiannual engineering project has been plunged into the island. The newspapers of the
time tell that the birth of two important sites was a great opportunity for the rebirth of the island
economy (in crisis following the closure of the main shipyard of Pellestrina and for fishing
regulations) thanks to the numerous new works brought on site. 

 The Mose, however, have not proved to be the great imagined social bonds and have instead 
completely interdicted the areas of work to the inhabitants, accessible only to the workers, none of
whom are originally from the island. According to the interviewee, the structures of the Mose can
today still constitute a new opportunity for the island and a debate about the possible reuse of 
temporary spaces should arise among the inhabitants and with them rethink the revival of Pellestrina 
in the Venetian tourist imagination.
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 Finally, the synthesis of the interviews revealed a precise picture of the problems perceived by 
the inhabitants of the island, divided into eight points:

 The workshop and field interviews activities ended with a workshop day to discuss the 
problems that afflict Pellestrina with the inhabitants, starting from those highlighted during the 
workshop activity. We chose to proceed according to the model of the charrette technique3, preparing 
the day in several work tables, with the final goal of graphitizing ideas and starting to outline projects.

3 cha˙rette /shu-RET/ n. A collaborative planning and planning workshop held on site for several days that involves all the parties involved in the issue in critical 
decision points. The charrette is a methodology of co-planning on groupwork involving citizens, experts and institutions, in the elaboration of a project through 
visual and plastic documents. In a workshop organized over several days, through different tables, citizens, technicians and experts compare and elaborate 
different views, through a process of mutual learning and sharing of codified technical knowledge and direct experiences of the territory. This is not a typical 
process of shared planning: it is almost an event with a strong creative, energetic and interaction character in the community. The method aims to work 
together with efficiency, creating a single moment of collective planning with several hands, in which disparate points of view work together to solve the same 
problem. Another key point is the vision of conflict as an opportunity to transform perceptions and positions and find solutions that, with their going beyond 
the initial situation of conflict, create something new (Lennertz & Lutzenhiser, 2006).

 “One of the biggest frustrations that citizens suffer, but also the representatives of associations, 
groups or institutions, is the feeling of not being heard. “They do not listen to us” or “They have not 
listened to us”:these are the recriminations we hear on any occasion. [...] The important thing is not to 
underestimate the listening phase, whatever the inclusive process that one has in mind to implement”, 
these the words of a participatory manual (Bobbio et al., 2004) which try to explain the needing 
of listening-moments in the work land planning. And that’s the reason why, in this first meeting 
there still was a strong need for the population of being listened to and to share their knowledge: 
in several moments, it was necessary to bring the discussion back to the proposed topic and limit 
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the interventions of the subjects who tended to monopolize the debate. In total during the day of 
the charrette eleven guests were presented to the table: members of the host Cooperative, traders 
of Pellestrina, pensioners and a representative of the Municipality of Lido-Pellestrina, all ready to 
make their own contribution to the success of the initiative. The themes discussed during this first 
meeting laid the foundations that would orientate the phases of work and subsequent meetings: 
the vast number of participants allowed in fact to freely move in the definition of the problems and 
their urgency, returning a varied picture of points of view depending on the characteristics of the 
participants. Problems, ideas and proposals that have been summarized in three categories of themes: 
the viability by water and by land, the reuse of temporary spaces and the enhancement of the territory 
by citizens that can also include the drive towards an incentive for selective tourism.

 The process between the first and second meeting in Pellestrina, was a moment of 
fundamental importance, in which starting from a plurality of suggestions and ideas we had to 
arrive at the definition of problems that could summarize, by scope of interest, the large number of 
information, highlighted issues and solution proposals. To arrive at a greater understanding of the 
dynamics underway at Pellestrina, technical analyzes were also carried out on the green, the road 
network and the services available on the island, work material that would then go on to support the
discussion. From the deepening of these aspects has finally come to the production of a summary
elaborate of the problems and their possible micro-solutions, to be discussed with the citizens in a
new moment of debate. The main criterion for the choice of solutions was their possibility of
immediate realization and without the intervention of the Administration, proposals at low cost and
implemented directly by the island population.

 During the new participated meeting, citizens were asked to express their opinion regarding 
the reading of problems and solutions and to start planning together some of those proposed.
Participation in this meeting was however significantly lower than expected and it was not possible
for this to reach the outcomes envisaged in the construction phase of the meeting. Despite the
great attention paid to advertising the working day, we have not been able to foresee such a poor
response to participation. The attitude of refusal to participate can be so much on the part of the
representatives of the administrations, but on ordinary citizens, who are not accustomed to being
involved and called to say their own, even on this occasion the recipients of the invitations have not
been heard to the meetings they saw advertised in the bars and therefore did not consider it
necessary to participate.

 We therefore found ourselves in the condition of having to try, once again, contact with the 
citizens to re-propose the questions in a wider and heterogeneous working group and to arrive at the
planning in detail of the proposed solutions. The proposals have been discussed and facilitated
through vision strategies from a bulletin board visible to all guests. The proposal to create a guide
for Pellestrina for tourists made by the inhabitants and an itinerary of the “unmissable points” that
tells the history and culture of Pellestrina to the passing tourist and at the same time to the citizen,
especially of the new generations, which lacks a close link with their territory of origin: the
highlighting of these sites at the same time also wants to contribute to produce an economic benefit 
as it will be possible to intercept the needs of the tourist who will start to gravitate for a longer time 
on the island. For this reason, useful information has been chosen and agreed to facilitate the tourist’s 
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journey (how to reach Pellestrina, move around the island and useful services). Lastly, the inhabitants 
of Pellestrina have agreed to insert a list of behavior to improve the cohabitation of those who live on 
the island with those who transit for short periods, a demarcation that makes explicit the will to open 
the island to new models of economy without distorting the characteristic aspects.

 Finally, the end of the work was represented by a meeting organized to present the results 
of the participatory process of Pellestrina: the meeting took place inside the offices of the former 
headquarters of the Municipality of Pellestrina, guests of the President of the Municipality of Lido
and Pellestrina and has allowed to present, discuss and correct the drafts of the Citizens Guide and to 
identify the correct channels through which to propose the elaborate for distribution purposes. The 
attention of the debate has highlighted how actions of this type, to achieve an effective fulfillment, 
must be somehow incorporated into the political agenda of the administrations, which must be able 
to use them as instruments of knowledge of their territory and of its inhabitants. Making participatory 
processes is certainly not easy. It is not easy to get people involved and inviting them to participate, it 
is not easy to get to meetings with all the materials that you have in mind and it is not easy to get the 
conversations and the results that you wait up. What remains after dedicating so much time to the 
realization of a participatory process is the mirror of the effectiveness of one’s work. If the participated 
approach is one of the many experiments to make a new kind of representative democracy, we must 
therefore try to fix the new rules and the new “paradigms” (Ernesti, 2016). Doing participatory 
planning means choosing to abandon the lessons taught and learned in the desks of universities, 
professional studios and institutions, to invent a new role of the professional planner, to compare their 
“technical” knowledge with knowledge of other range, the so-called knowledge “empirical”, that is, 
data from the experience of one’s own experience and therefore able to give new contributions to the 
definition of problems, visions and solutions.

 “The results of the work go beyond the simple construction of a guide for Pellestrina” said Mr.
Carella during the final meeting: the experience we tell with our thesis speaks in fact not of a
project, but of a participatory process, which in its various steps has attempted to self-regulate and
produce new knowledge and that tomorrow could be basis of new design phases.
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Reinventing Venice:
A Contest to Redesign the Campi in Castello
By Khanh Nguyen
Research by:  Pellestrina Summer Camp Group Two (Khanh Nguyen; Taylor V’Dovec; Malik
  Coville; Marie Beaudette; Matteo Tredesini; Silvia Zannin)
Supervisors :  Prof. Andrew Whittle - MIT
  Dr. Maximiliano Ernesto Romero Universita’ Iuav di Venezia

 Venice is a beautiful city, though it is currently plagued with many problems. Some of these 
problems include a declining and aging population, lack of good public transportation, dropping job 
opportunities, and overcrowded tourism. These problems contribute to the disappearing culture in 
Venice and the lack of sense of community that is starting to impact Venetians. Group Two’s project in 
the Pellestrina Research Camp aimed to address these problems. The solution focused on the campi, or 
public gathering spaces, an important aspect of Venetian life. Called Reinventing Venice, the project is 
a contest for Venetian architecture and urban planning students to redesign the campi of Venice and 
rejuvenate life in the floating city.

 The first problem researched was population decline in Venice. Starting from the twentieth 
century, the population of Venice has been dwindling. This is paired with declining job opportunities 
in Venice. In 1950s, major industries closed in Centro Storico, the historic center of Venice, and 
the chemical industry started in the area of Porto Marghera, part of the mainland adjacent to 
Venice. 40,000 people moved from the historical center of Venice to mainland Mestre to fulfill these 
employment opportunities. This downwards trend can be seen clearly in charts and in population 
density maps of Venice.
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POPULATION DENSITY MAPS OF VENICE, 1971-2011
SOURCES: VENIPEDIA AND LAURA FREGOLENT

 To break down which areas were suffering the most from population decline, several 
population population density maps of Venice from 1971 to 2011 were analyzed. A pattern was 
spotted: the sestiere of Castello, in the southeastern tip of Venice especially, was one of the most 
populated  regions in 1971, yet was one of the least populated in 2011. A fact of note was that this 
region was the furthest from Venezia Santa Lucia, the train station, which is located in the northwest 
of Venice. The hypothesis was formulated that the areas farthest away from the train station became 
depopulated because residents wanted to have an easier port of access to the rest of the world. Thus, 
the next area of investigation was transportation around Venice.

 There are two main means of navigating Venice: on foot or by boat. The main form of
public transportation around Venice is the vaporetto, run by the ACTV (Azienda del Consorzio
Transporti Veneziano, or Venice Public Transportation Agency). To better understand the time
required to get around Venice, walking and public transportation maps of Venice were created.
The maps were made by picking thirty to forty points around the city and the lagoon, then
mapping the average time Google maps predicted was required to get from that point to the train
station. For the public transportion map, average wait time was also factored into calculations.
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For example, if the vaporetto came every twelve minutes, an average wait time of six minutes
would be added to the total time.

WALKING AND PUBLIC TRANSPORTATION MAPS OF VENICE
 The conclusion that can be drawn from the maps is that public transportation is not that much 
different from walking in terms of getting from one point to the next. This is counterintuitive because 
for most cities, public transportation would be a much more efficient means of transportation than 
walking. It takes about an hour to get from the southeastern tip of Venice to the train station, which 
makes it very inconvenient for residents to get goods and to move around.
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 The last issue looked at was overcrowded tourism. Venice’s main industry is tourism, which 
becomes a problem in the summer when tourists crowd the already narrow streets and make it hard 
for normal residents to get by. In the busiest months during the summer, there are up to 70,000 
tourists per day and up to 30,000 cruise ship passengers per day. There are about 22,000,000 tourists 
overall visiting Venice a year. To further investigate the impact of the tourism industry, a tourist map 
of Venice was made. This which highlighted the main tourist hubs as well as the routes that tourists 
tend to take. The main route that tourists take is the Strada Nuova, which runs from the train station 
and hits up two other main tourist attractions, Ponte di Rialto and Piazza San Marco.

TOURIST MAP OF VENICE
 The maps made one trend drastically clear: Venice indeed was suffering from a declining 
population, slow public transportation, and overcrowded tourism. All of these problems contribute to 
a declining lack of community in Venice.

 The solution is Reinventing Venice: A Contest to Redesign the Campi in Castello. The purpose 
of this contest is to design a modern campo, one that serves the needs of the current population 
without forgetting its historic roots. Redesigning a campo does not have to mean starting over. Rather, 
it means reforming the core ideas of the campo to meet current needs. This is not for tourists, nor for 
historians, but for the people. Appealed by an area that meets their needs, their expectations, and their 
values, Venetians will finally feel that this place belongs to them. The contest targets students currently 
living in Venice. The goal is to redesign the campi in a modern way, focusing on sustainability, 
community, and adaptation. Its subtler goal is to attract architects and urban planners graduating from 
schools in Venice, such as IUAV, to the idea of reinventing Venice, hoping that it will make them stay 
and develop their careers here. 

 Community, sustainability, and adaptation are the main goals of this contest. The first tenet is 
community. Physically, the campo must be accessible to community members of all ages. Visually, it 
must integrate into the surrounding city and celebrate its history, while simultaneously distinguishing 
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itself as a 21st-century space. The second tenet is sustainability. The historical campi of Venice 
were self-sustaining. A Venetian could find food, water, company, and other necessities within its 
boundaries. The new design should embrace this idea, while also adding the more modern definition 
of sustainability as it applies to energy. Ideas for lighting, wastewater, and facilities such as public 
fountains should be incorporated with this in mind. The third tenet is adaptation. The campo was 
never meant to be a fully-defined space. The current campi are constructed around specific purposes, 
such as shopping or dining, but this is not the intention of this contest. The campo should be an open 
space that will accommodate community events and will be flexible and receptive to the needs of the 
residents.

 Southeast Castello was chosen as the setting for the contest for myriad reasons. Recall from 
the tourism map that this is an area untouched by the hordes of tourists that afflict Venice every 
summer. It is located far from the tourism sector, so reconstruction will not affect that industry. 
Not only that, but it is also an area that will directly benefit the Venetians themselves. The area has 
residential buildings constructed in the 1930’s and 1940’s, which are much newer and easier to 
renovate than the more antiquated buildings in central Venice. It is also home to many empty streets 
and spaces, is predominantly Venetian residents, and is located close to Giardini park, a park that 
many Venetians enjoy relaxing in.

 Of course, renovations in Venice are not so simple. Venice is a UNESCO World Heritage 
site and has to adhere to strict UNESCO regulations in regards to its history. Thus, renovating the 
historic buildings would be expensive, as specific materials and methods are required for preserving 
the building. According to the UNESCO Code of the Cultural and Landscape Heritage, Article 
29, Conservation: “the work of maintenance and restoration of movable cultural properties and 
the decorated surfaces of architectonic properties shall be carried out exclusively by those who are 
qualified restorers of cultural property in accordance with the regulations in this regard.” Clearly, it 
is difficult to renovate any space in Venice. Castello is a good location because the houses in this area 
are relatively newer compared to those in the historic center of Venice, so they hold less historical 
value and would be cheaper to renovate.

 At first glance, drastic renovations may seem near impossible due to the stringent regulations, 
but Castello was chosen because it has one-such example of a successful renovation: the modern office 
spaces of CVN (Consorzio Venezia Nuova), constructed in the old Arsenale. The Arsenale used to 
house Europe’s largest naval base in the 1200’s. This clearly holds a lot of historical significance, but 
CVN was still able to renovate the inside for their office space without compromising the history of 
the structure. While the outside maintains the rustic charm of the old Venetian building, the inside 
is a highly modernized office space.

 Reinventing the campi does not just mean renovating the physical space. It also means 
rebuilding the surrounding area to recreate the sense of community. One suggestion is having 
affordable housing for long-term residents, specifically targeting the young population to draw them 
back into the city. Affordable housing should not be property for second-home buyers or people 
looking to buy houses for Airbnb, but rather a place where young professionals can settle in for the 
long term and perhaps raise their families. Ideally, a renovation also includes the introduction of 
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local shops back into the campi. As mentioned before, it takes a while for goods to be transported 
throughout the city, especially to the eastern side. Local shops would help sustain people in this area, 
providing even people far away from the station with goods and services and shortening travel time 
required for these services. In addition, if this area is repopulated, the city will have more incentive to 
improve the transportation system and bridge that gap.

 New technology can also be easily integrated into the campi, due to the fact that they are 
unobtrusive and do not compromise the historical significance of the space. An important part of 
sustainability is self-sufficiency with energy. Some possible examples looked into include smart park 
benches, solar roof tiles, wind turbine lightposts, geothermal heat pumps, and gray water reuse. There 
is a lot of room for progress in these renovated campi, room for consideration for a Venice of the 
future.

 Though Venice is currently plagued with problems, it provides an opportunity for innovative 
minds to come up with a solution. The goal of Reinventing Venice is to inspire others to consider the 
problems that come with a dying Venice, and to solve these problems and bring life back into this 
beautiful city.
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Venice: Physical and Cultural Threats to the City
Clio Makrakis, M.I.T.
Supervisors  Prof. Laura Fregolent IUAV di Venezia
  Prof. Andrew Whittle MIT – C &EE
  Prof. Paola Malanotte-Rizzoli MIT- EAPS

Introduction
 Italy is full of examples of its rich history; impressive Roman concrete and stone structures 
still stand strong, Medieval churches display examples of spoglia, stones taken from ancient structures
to be reused for a more “useful” purpose, and Renaissance and Baroque palaces boast frescoes and
stucco even as the buildings are being repurposed as schools and government buildings. Venice’s
history dates back to about 750 a.d..

 Its historical infrastructure and culture have earned it recognition as a World Heritage Site by
UNESCO -- the entire city and the lagoon itself. However, Venice is being threatened as a World
Heritage Site due to the environmental impacts of tourism and the frequent “acque alte or high
water events. Venice could even lose its World Heritage status if it does not curb the negative effects
of tourism, specifically cruise ships bearing loads of tourists into the city and even more the
incredible number of tourists arriving for just one day from the main land by car, buses and trains.
During Summer week-ends the latter number may reach 90,000 a day.

 A less- quantifiable but equally important aspect of Venice that is being lost is its day-to-day
residential culture. While cheap tourism brings increased demand for trash collection, room and
board, and cheap souvenirs, they also change the space around them based on how they imagine
the “perfect” things to do in Venice -- gondola rides, eating pizza on church steps , cooking meals in
S. Marco square and even going to visit churches in bathing costumes .None of these activities is
obviously Venetian and thus the tourists are disrespecting the culture of the approximately 60,000
permanent residents of Venice.

 Cultural heritage involves the physical and social identity of the place, and both are being lost 
for a variety of causes. What follows is a deeper look into the quantitative and qualitative evidence for 
the negative effects and a few suggestions to change the way tourists plan their visit to Venice.

Threats to Physical Venice
 Much of Venice’s appeal is derived from its relationship with water. Instead of paved roads 
and wheeled vehicles, Venice has canals and boats. Several hundred bridges allow pedestrians to cross 
these paths and take pictures of nice views of the narrow canals with gondoliers paddling through. 
As with any coastal city, Venice is under threat of flooding due to storm surges of the Adriatic – the 
primary cause of the floods- and sea level rise. However, Venice is unique because of its foundation; 
unlike most cities, there is no bedrock shallow enough for the city’s weight to rest on the solid layer. 
Instead Venetian buildings are sustained by wooden pilings implanted in the sedimentary layer at the 
bottom of the lagoon and made of a special type of wood which hardens in the water. As an example, 
the Church of Salute is sustained by about a thousand of these piles.
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 The cause of the floods is , as remarked above, the storm surge of the Adriatic sea. The so-
called scirocco wind, blowing from the south-east along the axis of sea, raises the sea level at its 
northern extremity- that is at Venice. The intensity and duration of the flood obviously depends on 
the strength poand duration of the wind, and so does the area of the city which is submerged by water. 
In particular, S. Marco square is the lowest the lowest point of the city. Under present conditions, the 
lowest point in the square is at 64 cm above the mean sea level. However, most of the square “sees” the 
first significant flooding at 80 cm and the entire square is fully flooded at 100 cm.

Fig. 1 
Source : Centro previsioni e seganazioni maree, Venice Number of “ acque alte “ greater than 110 cm since 1870

 Regarding sea level rise, Fig. 1 shows the number of floods greater than 110 cm since 1870. 
This number has been chosen as the minimum level at which the barriers, being presently built to 
protect the city and the lagoon, should be raised. Simple examination of the figure clearly shows 
the long-term trend corresponding to the sea level rise due to climate change. The interannual 
variability dominates the behavior, though, with years characterized by frequent floods (18 in 2011) 
and years with no flood at al above 100cm like 2017 (communication of the Consorzio Venezia 
Nuova). 18 floods can be quite well dealt with by the barrier system and do not impose a threat to the 
lagoon ecosystem as each flood usually lasts no more than 12 hours. The 1966 flood was the notable 
exception, with the high water persisting for more than 24 hours. However, the semi-diurnal M2 tide 
would restore the regular lagoon circulation, and “clean” the city, in about 6 hours. The situation will 
be obviously different under the currently predicted scenarios of global sea level rise by 2100. It must 
be noted, though, that the uncertainty in these predictions is very great and they are evaluated for the 
global ocean, not for semi-enclosed seas like the Mediterranean. 
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 The already introduced local term “ acqua alta” is so much a part of daily life that the website 
of the Comune di Venezia (comune.venezia.it) shows high and low tide information for each day and 
the daily diagrams of the tide are exposed at each boat stop. The tourism website of Venice has also a 
special page called the “High Water Information Centre”. Fig. 2 shows an example of the information 
which ca be found in this Centre, it includes the present level of the astronomical tide; the time at 
which there will be the maximum increase, also given; the time at which the mean level will be zero 
and the subsequent times , and levels, of successive increase and decrease.

Fig. 2

 It’s easy to walk around the city and find examples of water damage to % aerobic bacteria 
to decompose the wood. Biofouling from mussels, barnacles, and algae can damage wood further. 
Furthermore, the lagoon water is salty. A great damage of the building walls exposed to the water of
the canals is the corrosion of the bricks, which increases dramatically during the floods. All these 
effects can be seen in Fig.3

  1966 was the largest flood during the last 500 years. The 
flood, almost 2m. above sea level, covered 90 % of the city and 
alerted the world and the Italian government to consider a solution 
to protect the city and the islands of the lagoon, which were equally 
flooded. The idea materialized as the MOSE barriers, from the name 
of the prototype built as a demonstration in the late 80s, MOdulo 
Sperimentale Elettronico. The Italian government decided that the 
MOSE should be overseen and operated by a collection of companies 
called CVN, the Consorzio Venezia Nuova. The flood gates, once 
installed, are expected to be in operation an average of seven times 
a year when floods above 110 cm above mean sea level (msl) are 
predicted.

Fig. 3
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Threats to Cultural Venice
 Venice has been suffering from depopulation since the late 60s. In the period 1850-1960 the 
population actually underwent a steady growth, accelerated by the establishment in the 20s of the 
industrial port of Marghera, which gave work to thousands of people and produced an important 
economic growth. In November 1966, however, a catastrophic event occurred : the enormous flood 
which submerged the city under almost 2m. of water and damaged, often in irreparable ways, the 
apartments and shops at street level. This event, and new laws preventing the Marghera industries 
from polluting the lagoon and the air, started the process of reduction of the industrial activity. The 
consequence was a great decrease of the commuting population and an ever increasing migration of 
the Venice residents to the mainland. As a consequence, the number of Venice resid60.ents collapsed 
from ~ 180,000 IN 1970 T ~ 60,000 in 2013 (see Fig. 1 in the paper by K. Nguyen, this report).

 Examination of the changes in the Venice resident population by age range in the two decades 
1980-2010 show variable behaviors for all the age ranges below 60 years. Only for the age ranges 60-
69; 70-79 and 85 80-89 there is an unambiguous, definite tendency towards an increasing numbers of 
residents in the second decade.A rationalization of this tendency is possible. First , the average life age 
has considerably increased all over the world during the 20th century and the beginning of the 21st 
century. Second the Venetian residents above 60 yeas have a much greater probability of actually been 
born in Venice, they are mostly retired or on the verge of retirement. They do not need to go to the 
mainland to find a job but they rather want to continue to live in the city where they have spent their 
entire life. The result is that Venice is becoming a city of elderly people. The young people do not like 
the logistic limitations imposed by the city unchangeable structure and want to find an attractive job 
not linked to the exploitation of tourism.

 Residents who have remained are urging for the city to be repopulated with Italians, excessive 
tourism is hurting these prospects. Tourism can become unbearable during the Summer months, 
reaching peaks of more than 100,000 a month from July through October as shown in Fig. 4. 

Fig. 4 (from Dati.Venezia.it)
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 The main flow of daily visitors arrives either by train or by car at Piazzale Roma, where garages 
are completely full during these months. As Piazzale Roma is connected to the mainland by a narrow
bridge allowing only two tracks in either direction, it often occurs, especially during week-ends, that 
the incoming tracks are clogged for miles paralyzing the public traffic (trams, buses ) which constitute 
the main way of transportation for the residents of Venice and Mestre. In spite of loud complaints, no 
measures have been taken insofar by the local authorities to limit the number of daily arrivals.

 Another reason for the ever increasing 
number of visitors is the ever increasing number 
of touristic cruises arriving to Venice. Fig. 5 shows 
the major ports visited by the “big ships”, with the 
large blue circles showing the most popular ones. 
Venice is clearly prominent. Also shown in Fig. 5 is 
the difference between 2013 and 2009 in the number 
of ships carrying more than 1,600 passengers. For 
Venice, this number has increased by more than 
250. It must be noted , though, that the visitors 
coming with the “big ships” constitute a more 
qualified level of tourism, and in general remain for 
more than one day.

Fig. 5 (from Dati.Venezia.it)

 The predictable result is that Venice is becoming a city of hotels , pensioni and Airbubs. The 
prices of the elegant hotels distributed along the Grand Canal are skyrocketing and only the “very 
rich and famous” can afford them. The recent explosion of airbubs in fact allows a convenient, rather 
inexpensive way for tourists to rent a whole apartment for aa little as one night . The reason is obvious 
: tourism is now the main economic source of income in the city and airbubs do not require major 
renovations, are often illegal and on the black market. This is by no means a phenomenon limited 
to Venice, it has become common in all the major Italian touristic cities like Florence, Rome, Naples 
etc. The difference is that , while these cities can expand their city limits through new constructions, 
Venice is fully constrained by its structure. 

 Interleaving canals and small islands connected by bridges. This structure has not changed 
at least since 1900, the beginning of the industrial “era” with the construction of Marghera. The 
unavoidable consequence is the predominance of a touristic “migrating” population versus a 
repopulation of the city with “real” residents.

 Fig. 6 shows the growth of each type of airbub offering i.e. a shared room, a private room 
and an entire apartment. While each type has a growing number of offerings available, the “entire 
apartment” option is growing the fastest.
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Fig. 6 (Data from Toms Lee and Airbnb.com)

  
  According to data from the
Municipality of Venice, museum visits 
are decreasing despite the continuous 
upward trend of tourism. This means 
that most of the tourists belong to the 
uneducated least affluent classes who 
come for one day, visit the most popular 
places in the historical center, eat pizzas 
or bring their own food and go back 
to the mainland at night. Tourists who 
come to visit the very many museums 
and enjoy cultural activities stay for at 

least a week. Visitorship to the Art Biennale has been increasing steadily through the years but it takes 
at most two days to visit the Biennale, which is often viewed as a “curiosity”. These tourists belong to 
the first category above.

Fig. 7 (Data from Yearbook Report, 2015) 

  The upper panel of Fig. 7 
shows the number of visitors to the 
city per year from 2011 to 2015 (green 
line), continuosly increasing, and the 
corrisponding number of museum visit 
(red line), in slight decrease. The lower 
panel shows for the same period the 
museum visits er visitor, in which the 
decrease is much more evident.

  In view of the above 
considerations, Venice is amazingly 
well-equipped to deal with the impacts 
of high tourism, more impressive 
still because the local organizations 
must deal with everything from waste 
collection to stocking food markets and 
restaurants, to transport between the 
airport and the island. Street cleaning 
must be done by walking cleaners, 
who take away wastes , often left in 
the streets, at 6 a.m.. Comparing a city 
like Venice with its difficult logistic 
problems with cities like Naples or 
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Rome (for which the mountains of wastes left in the streets has appeared on all the televisions of the 
world) only makes Venetians ( and hopefully tourists ) understand how well the city organization 
functions.

Conclusions
 In this work we have first tried to summarize the threats to the physical structure of the city, 
which by now have been extensively studied and are rather well understood. First is the anthropic 
subsidence which was however stopped in the 70s. Venice is now again subject only to the small 
natural subsidence already present before the industrial port of Marghera was created in the late 
20s-30s. Second, the phenomeno of “acqua alta” due to the storm surge of the Adriatic sea. In this 
second case, however, the yearly number of acque alte has been continuously increasing since the 
beginning of the last century, both as a consequence of the permanent lowering of the city due to the 
anthropic subsidence and, importantly, of the global increase of the mean sea level. The solution to 
the problem of acque alte will be provide by the completion and use of the MOSE barriers, which is 
however more than 10 years beyond the predicted schedule.

 A further physical threat produced by the acque alte is the corrosion of the brick walls of the 
buildings and of the side walls of the ubiquitous canals crossing the city. The lagoon water is salty and 
the damages imposed by this corrosion is quite clear every time a canal is closed at its extremities for 
clean-up or the foundations of a building are exposed for repair. Big holes are always present and, 
even without them, Fig. 3 shows a picture which repeats itself everywhere in the city : corroded stairs 
ending in the water and rotten bricks at the water level and underneath.

 Second, we have tried to analyze the threats to the cultural heritage of the city. Some of these 
are also  well known. First , the dramatic , exponential decrease of the resident population which 
started after the great flood of 1966. In these last 50 years the resident population has decreased from 
almost 180,000 inhabitants to less than 60,000. Walking all over the city, the number of floor level 
houses closed and even abandoned is impressive, if not frightening. For the logistical difficulties 
imposed by the structure of the city, the cost to restore these floor level homes is often prohibitive, and 
most of the people living xin them belong to the poorer classes. So they emigrate to the main land. The 
jobs available once in the port of Marghera have been also exponentially decreasing. The remaining 
workers prefer also to live on the main land avoiding the commuting alternative, made presently 
intolerable by the uncontrolled masses of tourist arriving daily to the city. The jobs possible in the city 
are either related to tourism or to cultural activities, the latter ones possible only for a elite of educated, 
affluent people. The young people prefer also to emigrate. Venice is becoming a city of elderly, aging 
residents.

 The beautiful, regal palaces have now two possible destinies: they are either bought by rich 
foreigners or are transformed into hotels. But the elegant hotels are prohibitively expensive, again they 
are affordable only by the elite classes of visitors. The enormous masses arriving daily to the city stay 
just for the day, they do not bring money but rather fill up the garbage bins (and streets!) of the city 
with their used bottles and paper bags. The fact that Venice is still one of the cleanest cities in Italy is a 
testimony to the efficient planning of the local authorities. If these masses remain even for one night, 
they want a cheap accommodation. Hence the proliferation of airbubs of signgle or shared rooms and 
small apartments, which are cheap to renovate and are most on the black market. 
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 These are just a few observations of the facts which make the life of the Venice “real” residents 
sometimes very difficult. Obviously a much more profound analysis is necessary to understand the 
complex problems affecting the resident population and the actual survival of Venice cultural heritage. 
This analysis is however well beyond the scope of this work. One final comment is however warranted: 
the residents who “resist” do so because they love the city, its incomparable beauty and the unique way 
of life it offers : one cannot RUN, one must have a leisured pace and enjoy the spontaneous sociality of 
encountering friends in the street and stop for a chat over a cappuccino in the morning or an aperitif 
in the evening. Venice is a great parlor, what 11 you hear in the “calles” is people’s conversations 
and not noises of running cars. This way of life makes it worth coping with all the difficulties briefly 
described above.
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Analysis of Extreme Yearly Sea Level Values and Return
Periods for Four Coastal Cities
Luke Bordonaro M.I.T.
Supervisor Prof. Marco Marani , Duke University, C&EE

I. INTRODUCTION
 With the predicted scenario of increasing global mean sea level (IPCC, AR5, 2013), lower 
floods will be required to cause substantial damage to coastal areas and cities. As a consequence, 
the frequency of disastrous floods will increase in time. The effectiveness of already existing flood 
berries may be significantly reduced and the barriers themselves may need modifications to sustain 
the increased sea level. This paper past analyzes past extreme yearly sea levels of four coastal cities: 
Boston, Galveston, New York, and Venice, as independent, random events to determine current and 
future temporal return periods for various flood heights. For this purpose, a cumulative distribution 
function (CDF) of maximum yearly sea levels is constructed and used to find the probability of a new 
maximum yearly sea level ynew = ycurrent − Δy, where Δy is the change in msl between today and the 
year of probability. Since ynew is the future anomaly from msl required to cause the same flood as today, 
we can determine its probability of exceedence, or the probability that the maximum sea level for that 
year will be greater than ynew. This will allow to calculate the return period Tr of the effective flood 
of ycurrent. Since Tr is a function of Δmsl, the frequency of floods similar to those caused by ycurrent 
today can be tracked on a yearly basis given msl rise projections. The change ΔTr can be interpreted 
as a location’s sensitivity to sea level rise. Additionally, ΔTr can be expected to vary greatly between 
locations because it is entirely dependent on the shape of the location’s maximum yearly sea level CDF. 
The latter one is a function of the frequency of local temporal (i.e. weather) patterns. Lastly, since the 
year ynew that is being used to determine values for Tr is itself a function of Δmsl, it is important that 
accurate, location specific msl projections are used.

II. RAW DATA ANALYSIS
 The first step to evaluate flood return periods is the construction of an accurate CDF. This 
evaluation is based on the assumptions that the analyzed events are random and independent. 
However, astronomical tides and storm surges are not inherently random. On the other side, given 
a large enough sample size, the issue of independence can be ignored as we search for an average 
expected return period, not an exact one.

 A large sample size does not resolve the issue of randomness. To remove the periodicities 
found in the raw sea level data, we perform a linear best fit to the raw data and then subtract it. 
This procedure removes the trends set by tidal forces and sea level rise, and provides the record of 
anomalies from msl due to storm surges and extreme weather events.

 Public hourly sea level data was obtained for each location. Boston’s data was downloaded 
from the National Oceanic and Atmospheric Administration (NOAA)1 and consists of hourly 
sea levels from May 9th, 1922 to December 31st, 2016. Galveston’s data was downloaded from the 
University of Hawaii’s Sea Level Center2 and consists of hourly sea levels from January 1st, 1904 to 
December 31st, 2014. New York City’s data was also downloaded from the University of Hawaii’s Sea 
Level Center3 and consists of hourly sea levels from June 1st, 1920 to December 31st, 2014. Venice’s 
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data originates from “La serie storica delle maree a Venezia, 1972- 2004” by Davide Battistin and Paolo 
Canestrelli4 and consists of two daily minima and maxima (four total) recordings for each day from 
January 1st, 1982 to December 31st, 2004; note that it is not hourly data, which does not affect the 
study since yearly maxima will be extracted later regardless.

The de-trended raw data for each location is as follows:

       
FIG. 1: De-trended data: departure from mean sea level for each location.

A. Comparing the Rate of Mean Sea Level Rise for Similar Time Periods
 Using the raw data it is possible to analyze a linear rate of increase of given years in order to 
determine the average rate of msl increase between two given years.

 The same method that was used to “de-trend” data from the previous section was used on the 
data of each location for specific year intervals. The slope of the linear trend between a given starting 
year and 2014 for all locations except Venice and 2004 for Venice was recorded obtaining the following 
results:

TABLE I: Rate of msl change from January 1st of given year until December 31st of 2014 (for Boston, Galveston, and New York City) or December 

31st 2004 (for Venice)

 It is evident that each location experiences very different rates of sea level change from a given 
time. Any small error in sea level rise may produce very inaccurate long term projections and the 
Generalized Extreme Value (GEV) projections made later are very sensitive to even few cm. deviations 
from expected values.
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B. Running Average for Rate of Mean Sea Level Rise of Each Location
 In the analysis done in the previous section, differences due to lunar and tidal periodicities 
were not accounted for. One possible explanation of the variability found in Table I is that these cycles 
are slightly out of sync between locations, causing a given year to be a “high” point for some , “mid”
point for others, and “low” points for the rest.

 One way to resolve this issue is to look at the “running average” of msl increase rate. The 
method for calculating a running average for a given location is to first use the same “de-trending” 
procedure with starting points of each year and t h e n assigning the recorded rate of change to the first 
year in the range.

 For instance, if a location’s data ranges from1900 to 2000, first the rate of msl increase would 
be recorded between 1900 and 2000, 1901 and 2000, 1902 and 2000 etc. and the value between 1900 
and 2000 would be assigned to 1900, and so on. Then, the average value of the rate of msl increase 
between 1900 and 1910 (from this data) would be calculated and assigned to 1910. Afterwards, the 
average value of msl increase between 1901 and 1911 would be calculated and assigned to 1911. This 
process would be repeated until reaching the year 2000. The values of this new calculation can be 
interpreted as the height above msl in a specific year. For this study, a window of 19 years was chosen 
being close to the estimated 18.6-year-period of tidal and lunar cycles.

       
       FIG. 2: 19 year “running average” for each location.

 Fig. 2 shows the relative rates of msl increase and removes much of the noise associated with 
table I. The data above, more importantly, allows us to determine a more accurate rate of msl increase 
for a given year. The change in height between two adjacent years in the running average was
recorded  and assigned as the rate of msl increase for the first year in every pair. The result is shown 
in Fig.3

       FIG. 3: Rate of msl change by year for each location based on 19  
       year window regression.

 



REINVENTING PLACES34

Afterwards, the average value of each graph in Fig. 3 was calculated across its entire range. The results 
are shown in Table II.

TABLE II: Average rate of msl change for each location based on 19 year window regression.

III. GENERALIZED EXTREME VALUE FITTING
 The Generalized Extreme Value theorem (GEV) can be used to plot a cumulative distribution 
function (CDF) of a maximum value over some interval given a set of maxima for that interval. This 
CDF displays the average probability that a given variable will be less than some maximum value over 
a particular time interval.

 The first step in the GEV fitting process is to ex- tract the yearly maxima from our de-trended 
data for each location, shown in Fig.4.

          FIG. 4: Yearly maximum sea level for each location.

 Next, this data i s fed into MATLAB’s gevfit function using the “maximum likelihood” method 
in order to find values of ψ, ξ, and μ in following equation that gives the CDF generated by the data.

          EQN. 1: Equation used to plot a GEV fitted CDF.
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The following CDFs were made based on the de- trended data:

       FIG. 5: GEV-fitted CDFs for each location showing the 
       probability of a given year experiencing at most a speci- fied   
       maximum departure from msl.

These CDFs will be the basis for the return period projection analysis done for each location.

A. Comparing Tails of GEV-Fitted CDFs
 Since this paper is focused on analyzing the return pe- riods of extreme departures from msl, 
the most relevant part of the generated CDFs will be its end, referred to as its “tail”. The tail of a CDF
reveals how sensitive a location is to msl change based on its shape or length. A “long” tail refers to a
CDF that exponentially ap- proaches 1, whereas a “short” tail refers to a CDF that semi-linearly
approaches 1.

 From the previous section, it is clear that the CDFs of Boston and Galveston exemplify both of 
these types of tails.

FIG. 6: Boston’s (left) and Galveston’s (right) CDFs’ tails

 Boston’s CDF appears to have a much shorter tail than Galveston’s, implying that Boston will 
be much more sensitive to a change in msl compared to Galveston. That is, given the same deviation 
from a specific (high) input, Boston’s CDF experiences a greater change in its output as a result of its
semilinear trend. This is the same behavior that was predicted in section II, and is a direct 
consequence of Galveston experiencing large departures from msl.

A. Quantile-Quantile (QQ) Plots
 In order to make any meaningful predictions on re- turn periods, it is important to ensure that 
the GEV-fitted CDFs are accurately representing the probabilities of maximum sea levels. A quantile-
quantile (QQ) plot can be constructed using the observed and predicted probabilities. This QQ plot
gives the observed sea levels vs the estimated sea levels for a given probability.

 The process used to make each QQ plot was to first pick an observed sea level from the sorted 
data (the points in figure 5) and note its observed probability. Then, that probability is given as input 
to an inverted CDF, analytically found by inverting the CDF equation 1. These two sea levels are paired 
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and the process is repeated for every observed data point. If the GEV-fitted CDF perfectly matches  
the observed data, all the points should fall on a straight line. This is not entirely the case, as shown  
in Fig. 7.

          FIG. 7: Quantile-Quantile (QQ) plots for each location.

 A 45 degree reference line was added to the plots to better visualize how well values are being
estimated. While most of the points are on or very close to this line, for all locations it seems that the 
CDF is es- timating lower sea levels than what is actually observed for more extreme values. This is to 
be expected due to the lack of data for higher sea level values.

 An immediate consequence is that the CDF will un- derestimate probabilities for high sea 
levels. As a result, the projected return periods for a given flood may be lower than what will actually 
occur.

A. Inverse CDFs
 The inverse CDFs can be further used to visualize msl projections. These graphs will shift
linearly as a result of msl rise, useful for visual comparison of the effects of various sea level 
projections.

          FIG. 8: Inverse CDF’s for each location.
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 Each projection will be carried out using four different msl estimates: three non-linear global 
msl projections done by the Intergovernmental Panel on Climate Change (IPCC)5 and one local linear 
msl extension (i.e. the location specific values from table II). The specific IPCC projections used in this 
paper are “RCP 4.5,” “RCP 6.0,” and “RCP 8.5.” These projections are a good representation of best, 
middle, and worst case scenarios for the future global msl.

 All three of these RCP scenarios predict the same msl for 2007, 2010, and 2020: a linear 
increase of 0.0038 m/year. This trend was used to estimate the global msl of 2017 (with respect to 
the RCP data) and was then subtracted from all values to normalize the projections and display the 
departure from msl with respect to today.

 These three new “normalized” RCP projections were used, along with each location’s local msl
increase rate, to calculate the projected inverse CDFs for each location for both 2050 and 2100.

       FIG. 9: Future projections of the inverse CDF plots 
       for each location.

 The most useful quantity of these graphs is the spread between each location’s linear extension 
and  the RCPs. Each graph should have equal spacing between the RCPs, since each represents the 
same change in sea level for the location. The linear extension, however, will be different for each site, 
and is what determines the scale of each graph’s y-axis. Then the spacing between each projection is
primarily a result of the linear trends relative to the RCPs’. We can therefore conclude how accurate
the IPCC projections are for each location by analyzing the space between the projections.

 From Fig.9 we can conclude that Galveston and New York’s linear trends agree with the RCP
projections. Therefore there can be a higher confidence that future return periods match what will
actually occur. Boston and Venice, on the other side , have a high variance between the linear
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projection and the RCP’s. Hence the estimated future return periods are less reliable and should only
be used to estimate the expected ranges.

IV. FUTURE PROJECTIONS
 The return period of an extreme flood is the average time interval for the same flood to 
occur again. Apart from evaluating the return period of a given flood today, it is equally important to 
understand how the return period of the sane sea level height will evolve with time.

 A concrete example of the necessity for re- turn periods can be seen in the construction of 
MoSE in Venice, Italy. The MoSE project is supposed to coun- teract the frequent flooding of mainland 
Venice while still allowing ships and water to freely pass in and out of the lagoon (for both tourist and
ecological purposes). This can only be accomplished if MoSE is o p e n for a limited amount of time
during each month; if the gates are closed too often the lagoon cannot be sufficiently “flushed” 
resulting in a lower water quality. Future return period projections can be used to estimate how often 
the “close-threshold” will be reached and provide useful information for possible adaptation of the 
MoSe barriers.

A. Determining Current 50 & 100 Year Return Period Heights
 The return periods for departures from today’s msl are only truly meaningful at a local level. 
to better estimate the sensitivity to msl change across all four locations, we first pick heights that are 
equally rare in each site today ,i.e. heights that have the same current return period for each location. 
Then, their return periods are tracked throughout time and compared for both 2050 and 2100.

 In this analysis, we track the return period for each location’s current 50 and 100 year return 
period heights.

 The return period of a flood can be calculated using the equation where x is the probability of 
the flood height. To evaluate the current 50 and 100 year return period heights for each location, we 
can solve for x when = 50 and 100. Then, these values can be used in each location’s inverse CDF to 
determine the corresponding heights. The resulting values are given in Table III.

TABLE III: Current 50 and 100 year return period flood heights for each location.
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B. Current 50 & 100 Year Return Period Height Projections
 With initial sea levels from Table III, all four msl projections were applied to each location’s 
GEV fitted CDF to calculate the probability of the same flood occurring every ten years between now 
and 2100. Then, these values were used in the Tr equation to calculate the new return period for the 
same flood for that year. Figure 10 shows the return periods o f the heights of Table III between now 
and 2100.

FIG. 10: Future current 50 and 100 years height return period projections for each location.

 Since the Mediterranean Sea has been extensively studied in the past, there are various msl 
projection for the area from different sources. These projections can be used as a semi-local projection 
for the Venetian Lagoon. The projection from Galassi andSpada6 was used to create two additional 
points in the Venice graph of Fig.10, but only for the year 2050 as their work does not extend further 
in time. However, their minimum and maximum predictions are bracketed by the RCP and linear 
trend projection, implying that their estimate is reliable for the analysis.

 Upon inspection of Fig. 10, it appears that Galveston is the least sensitive to msl change, since 
its graphs are the most linear of the four locations. This was to be expected on the basis of its CDF’s
tail. It is interesting to note that this is true even though Galveston has the highest rate of msl increase.

 The next-most linear trend can be seen in New York’s projections. While the return period 
projections for New York are not as linear as Galveston’s, it is definitely not nearly as exponential 
as Boston or Venice’s and it appears that New York is not as sensitive to msl increase as Boston and 
Venice. These latter cities are very sensitive to msl rise, and the change in return periods for floods is 
very important.

 To rank numerically the sensitivity of the four locations we carefully examine the results of 
Fig. 10 Note that for this analysis we are only considering the change in return periods from the RCP 
projections, since they allow to make comparisons for the same change in msl. Sensitivity is defined 
as the amount a return period changes between now and a given year for a prescribed change in msl. 
It would be meaningless to consider changes due to the linear trend extension.

               2050 ΔTr for Given RCP (yrs) 2100 ΔTr for Given RCP (yrs)
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TABLE IV: Change in the current 100 year return period height’s return period by 2050 (left) and 2100 (right) for each location

 The four locations can be directly compared by analyzing an individual column, since they 
each represent a single change in msl. The location with the highest value in each column is considered 
to be the most sensitive to that column’s specific change in msl.

 A quick analysis of Table IV reveals that the columns unanimously agree: Venice’s return 
periods are decaying the fastest, Boston’s return periods are decaying the second fastest, New York’s 
return periods are the third, and Galveston’s return periods are decay- ing the slowest. From this, we 
can conclude that Venice is the most sensitive to msl change, Boston the second and so forth.

V. CONCLUSION
 While the analysis done in this study does not produce any concrete predictions of future 
sea level behavior, it provides useful insight on extreme value trends for each of the locations. 
Most importantly, it visually demonstrates how differently each of the four locations analyzed will 
experience changes between now and the year 2100. Each city experiences dramatically different 
meteorological and sea level behaviors, which have to be addressed individually with local data to 
be properly studied. Global sea level predictions, such as those done by the IPCC, may be wildly 
inaccurate for specific locations, leading to inaccurate projections of extreme behavior. At the same 
time, however, a simple linear extrapolation does not provide accurate local msl projections, since it is 
known that the rate of msl change is not constant. Despite this, the analysis done here some provides 
some possible scenarios for the future, and should serve as a warning for any system being designed 
to counteract extreme sea levels. As an example, a system being designed for Boston a n d planned 
to operate until 2100 may want to consider the effects of return period changes much more carefully 
than a similar system for Galveston, since Boston’s return periods decrease much more rapidly than 
Galveston’s.

 Lastly, it should be that noted much more accurate information can be easily obtained once 
local sea level projections are obtained. The same MATLAB functions used to create the graphs in 
this paper can be used with an optional ’local projections array’ input in order to create an additional 
projection in each plot. This line would be the most accurate projection and could be used to create 
reliable predictions of future extreme value be- havior. If you wish to use these MATLAB files for any
reason, they can be downloaded, along with all the data used for this study, from
https://www.dropbox.com/s/aujssngp7600ig0/sealevelanalysis.zip?dl=0. If
this link no longer works, please contact me at via email for a direct download.
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Impacts of the MOSE Gates on the Venice Lagoon Water 
Levels : Modeling Simulations.
Paige Midstokke M.I.T.
Supervisors : Ing. Giuseppe Barusolo C.V.N.
  Ing. Luca De Nat Thetis S.p.A.

1. Introduction and motivation
 Since the famous flood of November 4, 1966, which submerged the city under ~ 2 m. of water, 
the causes of the floods have been extensively investigated and are today completely understood. 
Two main causes were identified. First , the anthropic subsidence induced by the exploitation of 
the aquifers of the lagoon and of the mainland underground. This exploitation was the result of the 
construction in the late 20s of the industrial Porto Marghera, for which a major part of the lagoon 
intelf was transformed into land. Even though the pumping of underground water was stopped by 
law in the 70s, the consequence is that the city is nowadays 26 cm. lower than it was at the beginning 
of the 20th century. The second major cause are the storm surges of the Adriatic sea induced, for 
the major part, by a wind blowing from the south east along the sea axis and raising the sea level at 
its northernmost extremity, Venice. For a recent review of the scientific literature investigating, and 
explaining , why Venice floods, see Trincardi et al. (2016).

Fig. 1 Lagoon map of the three inlets and position of the 4 tide gauges 

 To prevent the disastrous effects of the 
extreme floods, and protect the city and the lagoon 
island for the flood consequences, a system of 
barriers was designed after years of planning and 
consultation with the world experts of other cities 
affected by similar problems. Among them, London 
in the UK; Rotterdam, the Sckelda river in the 
Netherlands. This system which was approved by 
the Italian government in 1998, is now known as 
the MOSE. One of the imperative requests for the 
project was that the barriers would be invisible when 
not in operation. Therefore they were designed to 
stay on the bottom of the lagoon inlets and raised 
only when predictions insured the impending storm 
surge and consequent flood. The limit was also 
chosen that the barriers be raised only for floods > 

110 cm. The requirement was deemed necessary to prevent an excessive number of closures which 
would impede the lagoon circulation. Venice in fact does not possess a sewage system and is flushed 
twice daily by the predominant M2 tide. A detailed description of the MOSE barriers, of their design 
and functioning is beyond the scope of this work. It can be found in the extensive web site of the 
Consorzio Venezia Nuova. Fig. 1 shows the lagoon configuration with the three inlets and the sites of 
the tide gauges used as sea level markers
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 Fig. 1 shows the four channels where the barriers are being installed. The Lido inlet Marked 
as 3, is too wide for a unique barrier to be possible. Hence a man-made island was constructed in its 
middle, which divides the inlet into two channels, clearly visible in the picture . The Lido inlet has 
two barriers. The two other inlets, Malamocco, marked as 2, and Chioggia, marked as 3, have one 
barrier only.

 Point 4, inside the lagoon, corresponds to the tide gauge at Punta Salute. It is at the southern 
central end of Venice, in front of S. Marco square. The protocol for operating the gates is based upon
monitoring the 4 sea level markers. Since the design of the MOSE system, there was a physical model 
simulation of the gates. In 1991 a number of physical models were constructed at the Hydraulic
Laboratory of Voltabarozzo directed by prof. Attilio Adami of Padua University. Among them, the 
complete physical model of the 4 gates was built in scale 1:60. The gates had a gap of 10 cm. each, for 
a total of three gaps, and they were suspended in a water pool to measure discharge between gaps and 
overtopping by water waves. The latter effect was zero under most events and negligible under extreme 
events. CVN has already developed a numerical model which includes a large region of the northern 
Adriatic sea shelf and of the lagoon with a very high resolution to resolve the details of the inlets and 
the bathymetry of the lagoon with its complex set of channels. For more details of the base model 
applied to the Venice lagoon, see reference 2 in the bibliography.

Fig. 2  Classification of storm events (courtesy of Ing. Luca DeNat)
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 This research was developed with CVN with the overall objective of completing the CVN 
numerical model using the results of the physical model, i.e.
1) Adding the wind waves module to assess their effects on the Venice island
2) Adding the gaps between successive gates
3) To determine if one inlet alone can be used in the decision making process
4) To determine if the present protocol should be modified depending on the type and intensity of the storm.

 The model used is called Mike21, a software developed for modeling coastal flooding 
(reference 3). We also included 10 points representing river mouths and sediments are deposited 
.The objective required storm events between 2015-2017. The present classification of storm events is 
shown in Fig. 2. The present operating rules are summarized in Table 1.

Table 1. Current MOSE operating rules

Number  Current Rule

 1  Gates will remain raised until water inside and outside the lagoon are equal

 2  Punta Salute is the point used for determining the lagoon water level, and Lido 
  inlet is used for determining the sea level.

 3  Storm surge events are predicted by statistical models based on weather 
  predictions from three sources and classified 12 hours in advance of a storm.

 4  Storm events are split into 2 categories: C1 and C2 events, according to their 
  return time. Less severe events (class C1) are further sub-classified according 
  to the meteorological situation.

 5  C2 events (return time more than 10 years) require gates to be raised when 
  lagoon water level reaches 65 cm above local datum (40 cm above mean sea level).

 6  The lagoon water level at which the gates have to be raised for C1 events (return
  time less than 10 years) depends on the meteorological situation:
  - 100 cm above local datum in absence of heavy rain and strong winds (C1A);
  - 90 cm above local datum in presence of heavy rain (C1B);
  - 80 cm above local datum in presence of strong wind (C1AV),
  - 75 cm above local datum in presence of heavy rain and strong wind (C1BV)

 7  Gates are to be deployed and angled at roughly 44 degrees to block water and
  prevent gates from overtopping

 8  Gates are to be raised and lowered in a specific order, different for each of the 
  4 inlets.
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2. Model building and assumptions.
In order to build our model, Mike21 required us to make assumptions regarding the spacing of gates, 
the amount of discharge between gates, and the behavior of gates as they are raised and lowered. Data 
on water levels is measured by sensors placed outside each of the four inlets, as noted in Figure 6. 
Sensors record water level every five minutes and data was provided for water levels between January 
2014 and May 2016. Meteorological data was also provided by CVN for storm selection. This data 
included predicted peak water level and predicted peak wind speed along with actual values for all 
data points.

The raising and lowering of the gates are split into 5 phases. Each of the 4 sets of barriers has its own 
gate closing pattern, but they all begin and end at the exact same time when deployed. The Lido inlet 
has two barriers due to its width. The finished Lido-Treporti barrier has 21 gates, and the pattern takes 
30 minutes to complete. It takes 5 minutes to inflate a gate, and in minutes zero to four, no water
is blocked. Between minute four and five, gates are fully deployed as they reach the range of 22 degrees 
to 44 degrees where gates are in full-effect. For the base model, we assume that the gates block 100% 
of water where the gate is positioned. There are 5 phases for gate raising, meaning 25 minutes of gates 
being raised and a total of 30 minutes before the gates are in full-effect.

2.1 Incorporating Gaps
When the gates are placed into the Mike21 model, we placed each of the four sets of barriers as 
one continuous barrier that has a percentage permeability, rather than giving the gates a spacing of 
10cm each. The permeability is a proxy for the gaps and insures that there is backflow between gates. 
Adjusting the permeability coefficient, we insure that the volume of backflow matches the physical 
model results within +/- 7 %. The physical model results give the discharge of water that should come 
from each of the four inlets in m3/sec. We do not show the table presenting the calculation of the 
permeability coefficient based on the physical model discharges . It can be found in Midstokke et al. 
(2018, in preparation). Enough to say that for average events, the physical model permeability rates 
are calculated for a sea level that is 1 meter greater than the lagoon level. The results show that the gaps 
allow backflow of only 2.5-3.4 %, i.e. the gates are blocking 96.6 - 97.5% of all water into the lagoon via 
the four inlets.

For extreme events where a storm causes a sea level that is 2 meters above the lagoon level, which is a 
more extreme event than our classical C2 storm and is quite rare, these estimates change. If we used 
our estimates for discharge in an extreme event, we would overestimate gap discharge by 17-26 %. 
There were no such events between 2014 and 2016, and thus these events were not considered.

2.2 Incorporating waves
Waves are then included to the model to determine the effects of wave breaks on flooding on Venice 
Island. In order to do this, we add in estimates for normal and shear stress in all directions and 
simulate different storm events. By doing so, we can see where wave heights are the highest and where 
waves break and decrease in height.
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Fig. 3

Fig.3 shows wave propagation in the model 
and its effect on wave height and radial
stresses (not shown). One can see that the 
wave height is lowest (blue) around the
perimeter of the lagoon and surrounding 
the Venice island. This means that wave
propagation has little effect on Venice’s 
flooding. Although the effects are
negligible, they are kept in all the following 
simulations. Again see Midstokke et al.
(2018, in preparation) for a complete 
discussion.

3.0 Results
Once wind, gaps, and waves were 
incorporated and calibrated into our model, 
we tested our model on 7 storm events to 

provide insight into the effects of the gates on lagoon water levels. The ultimate goal is to determine 
how we can keep the lagoon water level within 110 cm above local datum (85 cm above mean sea 
level) while minimizing the time the gates are deployed. In each simulation, gaps are included in the 
model as a permeability factor of the gates, as well as wind and wave propagation. Table 2 summarizes 
the simulated events.

           Table 2

These events were selected to cover low and high wind events, both wind types (Scirocco and Bora) 
and a range of water levels. The results of the simulations will be used for validating or altering the 
existing operation rules.
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We do not show the results of simulations 1 through 3, but only those of events 4 and 5 : Back-to-Back 
Storms. Event four is a Bora wind event from February 5, 2015. The peak wind speed was 17.72 meters 
per second, the peak wind direction was 30 degrees, the peak water level was 119 cm above mean sea 
level and the gate closure lasted 6 hours. Event five is a Bora wind event which occurred only 6 hours
after event four. This event lasted longer and had higher winds and a higher tide. Event 5 involved 
a gate closure of 16 hours, for a total closure of 22 hours over a period of 28 hours. This event was 
selected to see the effects of raising and lowering flood gates repeatedly, and if it was just as effective as 
if we had kept the gates deployed for the entire 28 hour period.

Fig. 4 shows the results of the closures but only for the Malamocco inlet. For the results regarding Lido 
and Chioggia, see Midstokke et al ( in preparation, 2018).

         Fig. 4. Water level at the Malamocco  
         inlet during events 4 and 5.

We can see from Fig. 4 that there was sufficient time between storms for the gates to be closed twice. 
This fact answers to environmental concerns regarding pollution of the Venice lagoon. Closures lasting 
an excessive time block the circulation induced by the M2 tide reducing the outflow of wastewaters to 
the sea.

4.Conclusions and recommendations
The initial operation rules require calm weather C1 events to have gates begin closure when Lido Inlet 
reaches 100cm above local datum. For C2 events, gate closure would begin at 65 cm above sea level. 
Our research has shown that the permeability of gates due to gaps when sea is 100cm higher than 
lagoon does not affect the times of closure or reopening. All events under 200 cm can therefore be 
treated with the rule of raising the gates at 100cm above local datum.

Our findings have shown us that storm type, characterized by wind type, alters the behavior of tides 
at each inlet. Lido is currently used as the proxy for determining the raising of the gates. From our 
simulations we find that Lido is not always the first inlet to reach 100 cm. In Bora winds which come 
from Croatia, Lido is indeed the ideal proxy measure of sea level. For Scirocco winds, which move
north through the Adriatic sea, Chioggia is the best proxy measure of sea level. This distinction should 
be made in gate decisions, where the type of wind in the storm determines which inlet’s water level 
sensors are used to time the rising and falling of the gates.

Our simulations show that the gates are equally effective in blocking water when deployed for a few 
hours to 12+ hours. We have modeled events that have a duration of 3 hours up to a duration of 12 
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hours for a single event. Our back-toback event shows the gates being deployed 22 hours over the 
course of 24 hours. This long duration of closure is near to the 24 hour limit estimated by CVN to have 
short term detrimental effects to the lagoon ecosystem and water quality.

Table 2 Completes the previous table 1 and summarizes our recommendations.

Number  Current Rule  Our Recomendation

 1  Gates will remain raised unti/water inside and outside the  KEEP
  lagoon are equal

 2  Punta Salute is the point used for determining the lagoon   ALTER
  water level, and Lido inlet is used for determining the sea 
  level.

 3  Storm surge events are predicted by statistical models based   KEEP
  on weather predictions from three sources and classified 12 
  hours in advance of a storm.

 4  Storm events are split into 2 categories: C1 and C2 events,  ALTER
  according to their return time. Less severe events (class C1) 
  are further sub-classified according to the meteorological 
  situation.

 5  C2 events (return time more than 10 years) require gates to   ALTER
  be raised when lagoon water level reaches 65cm above local 
  datum (40 cm above mean sea level).

 6  The lagoon water level at which the gates have to be raised  ALTER 
  for C1 events (return time less than 10 years) depends on 
  the meteorological situation: 
  100 cm above local datum in absence of heavy rain and strong winds (C1A);

  90 cm above local datum in presence of heavy rain (C1B);

  80 cm above local datum in presence of strong wind (C1AV),

  75 cm above local datum in presence of heavy rain and strong wind (C1BV)

 
 7  Gates are to be deployed and angled at roughly 44 degrees to  KEEP 
  block water and prevent gates from overtopping

 8  Gates are to be raised and lowered in a specific order, one for   KEEP
  each of the 4 inlets.
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STATISTICAL AND SPATIAL ANALYSIS OF FLOOD RISK 
IN THE VENICE LAGOON
Rene A. G. Franceschini, J. Pallone, M. Robayna M.I.T – Group 3
Supervisor  Prof. Paola Malanotte. M.I.T.-EAPS

This summary reports the results of a study carried out during the two weeks of the 
Summer School, May 28-June 9, 2017.

 This project seeks to use current projections for sea level rise in the Mediterranean Sea to 
statistically and spatially quantify the extent to which Venice would be affected by rising sea levels by 
2050 and 2100 and to understand how frequently MOSE will have to be engaged to protect the lagoon
from flooding.

 Fig. 1 shows the present configuration of the Venice lagoon with the three inlets where the 
four barriers of the MOSE project are being built.

Fig. 1 The Venice lagoon

 The relative sea level has risen in Venice approximately 26cm since 1900, due to a combination 
of eustacy, natural subsidence and anthropic subsidence.A period of anthropogenic subsidence 
(1952-1970) w a s associated with the industrialization of the port of Marghera and the consequent 
exploitation of the underlying aquifers, some of which literally collapsed. Venice’s subsidence levels 
have returned to an assumed natural rate of .5mm annually. This leaves eustacy, or sea level rise, as
the major variable that will impact flooding in Venice over the coming decades. Fig. 2 summarizes the 
different contributions. The final result is that Venice today is 26 cm lower than it was at the beginning 
of last century.
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Rates of Eustacy and Subsidence - Venice Lagoon: 1900-2016

Fig. 2 Different contributions to the total loss of ground elevation

Fig.3 The evolution of the monthly and yearly averages of relative sea level rise

 Relative sea level measurements at the tide gauge of Punta della Salute in Venice have been 
taken for over 100 years. The above Fig. 3 shows in blue the monthly averages of the daily maximum sea 
level and in red the yearly average maximum sea level.

MONTHLY AND ANNUAL AVERAGE OF MAXIMUM SEA LEVEL (1872-2015) 
VENICE, ITALY
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 Fig. 4 below is an expansion of the evolution of the yearly average maximum sea level of Fig. 3. 
The black line shows the linear best fit to the data. The result is that the average annual maximum sea 
level has increased of 0.28 cm. since 1872.

Fig. 4

 The following analysis also shows that there has been an increase in the frequency of acqua 
alta events Venice has experienced since 1945. Fig. 5 shows that the number of floods exceeding 110 
cm. has increased every decade since that time, with the exception of 1985-95. 110 cm represent 
the threshold when the MOSE barriers, presently near completion, will be closed, according to the 
government plan.

Fig. 5

 Galassi and Spada (2014) use a climate model constructed for the Mediterranean sea and take 
into account all the possible causes for eustacy, including the halosteric effect ignored by the IPCC 
(Intergovernmental Panel on Climate Change) reports. They project that by 2015 the relative sea level 
rise will be of 23 cm. A previous study by Morcos and Tsimplis (2008) projects the relative sea level 
rise for the Mediterranean until 2100, even though these projections are not very reliable. The result is 
that the average sea level rise for the basin in 2100 should be in the range from 30 to 50 cm.
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 Analysis of tidal events in Venice reveals that these events follow a normal distribution. 
Furthermore, two studies (Lionello et al., 2012; Conte and Lionello, 2013) show that the number 
of cyclones in the Adriatic has remained constant and do not foresee changes in coming years. The 
normal distribution of tidal events and no anticipated increase in the frequency of meteorological 
anomalies, allow to project forward mean anticipated sea levels using the result from Galassi &Spada 
and Morcos & Tsimplis. Since the probability of anomalous events remains constant and is normally 
distributed, we looked at the data from the past five years, 2011-1016 (normalized to the mean sea 
level of 2016) to obtain the distribution of events of different sea levels and project their frequency into
2050 and 2100.

 Fig. 6 shows the frequency histogram of one hour events for the period 2011-2016. It shows 
that the distribution has a Gaussian pattern. A chi-squared goodness of fit test and a Kolmogorov-
Smirnov test on the data, to a level of significance of 0.01, shows that the data indeed follows a normal 
distribution.

Fig. 6

 Under the assumption of a normal 
distribution, we take the probability that a 
one hour event is greater than 110 cm and 
multiply it by the number of hours in a year. 
The results of the calculation are given in 
the table below. For 2015 the total duration 
of events > 110 cm.(evaluated directly from 
the present data ) is 30.2 hours, i.e. just a 
little more than a day. For 2050, we looked 
at all the events above 87 cm, i.e. 110 cm – 
23 cm of increase in mean sea level (Galassi 
& Spada, 2014). For 2100 we looked at all 

events above 60 cm, i.e. 110 cm – 50 cm of (maximum) increase in mean sea level (Morcos & Tsimplis, 
2008).

 In 2100 the total duration of critical events for which the MOSE barriers would be closed 
amounts to 1605.0 hours , i.e. 69 days. However, this very simple calculation does not give any 
estimate about the average duration of each critical event nor about the average time interval between 
successive events. These two last estimates are crucial to assess if more frequent and/or longer closures 
of the MOSE barriers would be dangerous for the health of the lagoon.
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We want now to examine the 
frequency distribution of flood 
events >110 cm per month during 
the sample period 2011-2016. The 
result is shown in Fig 7 below. It 
is evident that November is, in 
average, the month of maximum 
frequency of critical high water 
events. We project the frequency 
of occurrence of critical sea level 
events to the years 2050 and 2100 
for the month of November. The 
results are presented in Fig. 8 
below.

Fig. 7

Fig. 8

The same method is used to make the two projections. We first control that the data from November 
2011-2016 fit a normal distribution and then find the probability that the sea level is > 87 cm for 2050 
and > 60 cm for 2100.In 2050 the MOSE barriers would be closed only 13% of the month, i.e. only 
for ~4 days. In 2100 however they would be closed 32% of the month, i.e.~10 days. Again this rough 
calculation does not provide the duration of each event nor the time interval between two successive 
ones. However the closure for ~1/3 of the month implies that significant consequences in the lagoon 
health may result in preventing it from being flushed frequently enough by the tidal currents.
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We now perform a spatial analysis of the effect of floods on the city of Venice at present (2017) and the 
projections for 2050 and 2100. In the maps shown in Fig. 9 the different parts of the city been flooded 
under different sea level heights are marked in red. As it is evident, for the present situation, year 2017,
only in the two extreme cases of 140 cm and 180 cm floods the city is almost completely under water. 
However, the situation changes for 2050, when adding 23 cm to the floods, and 2100 when adding 50 
cm. In the last case already at a 120 cm flood, which presently is almost unnoticeable, would make the 
living conditions unbearable. The consequent number and durations of closures might be impossible 
to manage and would be disastrous for the health of the lagoon.

The MOSE barriers were constructed to sustain a 60 cm sea level rise by 2100 (Prof. Vellinga’s lecture, 
November 5, 2016, Giorgio Cini foundation). 60 cm is actually a higher sea level rise of what we have 
assumed in the present projections (50 cm).

However , it must be borne in mind that the 50 cm projection of Morcos & Tsimplis (2008) for 2100 
is not only outdated but is also marked by enormous uncertainties. Equally uncertain are the global 
mean sea level rise estimates provided by the 2013 IPCC Report AR5.These projections are moreover 
not applicable to an enclosed basin like the Mediterranean, for a variety of reasons. The most 
important of them is that the global estimates include only the sea level rise due to the thermosteric 
effect, i.e. the sea water expansion under increasing temperature. On the global ocean the halosteric
effect, i.e. the sea level change due to salinity variations, is not included, amounting to < 10% than the 
thermosteric effect. This consideration cannot be applied to the Mediterranean which is controlled by 
salinity being an evaporation basin.

The results of this study should be taken with great precaution. They are limited by a lot of factors, first 
and foremost that they were evaluated during the course of the two weeks of the Summer School. A 
much more extended, in depth statistical analysis should have been carried out to present results with 
greater confidence and, consequently, impact. We just hope that the simple “introduction” to this type 
of approach will be taken up again and explored with the necessary care.
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Venice Lagoon Sea Level Data Filtering
Julia Pallone
Supervisors  Ing Giuseppe Barusolo CVN 
  Ing. Luca DeNat, Thetis S.p.A.
  Ing. Stefano Libardo CVN
  Prof. Enrico Foti University of Catania

Introduction
 According to measurements from the city of Venice, there has been an increase in the
frequency of high sea level events in the Venice lagoon over time. Figure 1 below shows that
since 1935, the number of sea level events reaching >110 centimeters each decade has increased
over time, with the exception of one decade, 1985-1995. This analysis demonstrates that a longterm
solution like the MOSE is essential in response to the rising tides and increasingly frequent
high sea level events around Venice.

Figure 1 Source of data: La serie storica delle maree a Venezia, 1872-2004, by Davide Battistin, Paolo Canestrelli
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 Being able to accurately measure the level of the sea at any moment around the Venice lagoon 
is essential for the function of the MOSE. Two different kinds of measuring devices are in use, and 
they are located at four different locations—at each lagoon inlet (Lido, Malamocco, and Chioggia) and 
one location further out in the sea (Piattaforma).

 The first kind of measuring device is the floater (see Figure 2 and Figure 3). It has physical 
mechanisms to reduce noise caused by wind, large waves, etc. in the signal input. Moreover, the floater 
device takes very accurate sea level measurements every 5 minutes. 

 However, it is expensive and difficult to maintain. The second measuring device is a radar 
(see Figure 4 and Figure 5). It is very sensitive to wind, wave action, etc. which leads to noisy data 
collection. The sea level data is collected every 30 seconds for the radar, and it is also less expensive 
and easier to maintain than the floater device.

 The goal for this research is to find a real-
time filter for the radar data that has the same 
accuracy and smoothness of the floater data, i.e. 
reduces the noise of the radar data. This research 
is significant because knowing the exact sea level 
at any given moment is essential for deciding 
when the flood barriers should be activated at 
present, and in the future via forecasting models 
which depend on accurate measurements of the 
sea level.

Figure 2
Source: ISPRA (Istituto Superiore per la Protezione e la Ricerca Ambientale)

  
        Figure 3
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Figure 4 
Source: Consorzio Venezia Nuova (CVN)

Figure 5 
First Approaches: Moving Average and Moving 
Median

 The first approach to 
smoothing the radar signal was to apply a moving mean and moving median filter. For every 10 
data points entered by the radar, the mean or the median value was respectivelytaken for the filtered 
value. This 10-step time window was chosen because it did the best job of smoothing the data while 
maintaining accuracy. However, in both the moving mean and moving median filtering methods, 
there is too much disparity between the filtered radar data and the floater data. In particular, the 
inaccuracies of the filtered radar data at the peaks could lead to error-prone forecasting models.

 As displayed in Table 1, even when the radar data is filtered by a moving mean or moving 
median, the value for the sea level could be around 8-12 centimeters above or below the actual sea 
level as recorded by the floater. Note that the floater data is being assumed as accurate, so this is what 
the calculated error is based on. This error could lead to problems in deciding when to activate MOSE 
as well as compromise the reliability of the forecasting models.
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Table 1

Butterworth Filter
 The next approach to filtering the radar data is a Butterworth filter. This is a low-pass filter, so 
lower input frequencies are in the passband, while frequencies above the cutoff frequency (fc) are in 
the stopband. The filter response in the Butterworth filter excludes signals above the cutoff frequency 
in a smooth declining manner. On the other hand, other filters use an abrupt or linear drop when 
the cutoff frequency is reached (see Figure 6). Frequently-used applications of the Butterworth filter 
include audio output and accelerometers.

  With the radar data in particular, groups of 
data tend to have high frequencies around the peak high 
and low sea levels. Thus, in theory, the Butterworth filter 
would completely eliminate data inputs that fluctuate too 
much and are therefore inaccurate, but rather accept only 
data points that show consistency. This seems like a better 
approach than the moving mean and moving median 
filter because bad signal inputs from wind or wave 
action, for example, would be ignored instead of being 
considered as valid data entries.

The Butterworth filter is modeled by the following 
function:

Figure 7 Source: MIT OpenCourseWare Signals and Systems, Professor Alan V. Oppenheim 
 
 In order to find the best Butterworth filter for the radar data, I did an analysis to find the most 
optimal time step, filter order, and cutoff frequency.

Figure 6 Source: Ekeeda Youtube channel
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Time Step
 In going from the radar data to the filtered output, it must be decided after how much time 
there is a filtered output. The time step has been chosen to be 5 minutes so that it matches the interval 
that the floater data is measured. Since the radar data is measured every 30 seconds, every 10 points 
of input radar data is filtered into 1 response output. Then, for every floater data point there is 1 radar 
data point instead of 10.

Filter Order
 The filter order (N) determines the abruptness in the transition from the passband to 
the stopband of the filter response (see Figure 8). In order to find the most optimal filter order, I 
compared the error depending on the filter order, holding constant a 0.05 normalized cutoff frequency, 
5-minute time steps, and a 12-hour time window (see Table 2). From this analysis, I concluded that 
the most ideal filter order for this data is N=3. Note that there is a delay in the filter’s effectiveness 

for every order, namely an over-
calculation ranging from ~46 to 
~67 centimeters at the start of the 
filtered data. However, when the 
filtered data is considered without 
the first 5 filtered data points, 
order 3 has the least over and 
under-calculation error, and thus is 
the best choice

Figure 8 Source: MIT Open Course Ware Signals and Systems, Professor Alan V. Oppenheim

Table 2

*The beginning of the filtered data has significant error, so in order to evaluate the undercalculations
across the majority of the data, it is necessary to remove the first 5 points of filtered data.

Cutoff Frequency
 Since the filter in use is a low-pass Butterworth filter, when the cutoff frequency is increased, 
more frequencies are in the passband. On the other side, when the cutoff frequency is decreased, 
fewer frequencies are in the passband than in the stopband. As the cutoff frequency continues to 
decrease, there is a delay in the filtered data compared to the original data due to the lower number of 
frequencies in the passband. To find the most optimal cutoff frequency, I compared the errors holding 
constant an N=3 filter order, 5-minute time steps, and a 12-hour time window (see Table 3 and 
Figure 9). Then, I realized that deleting a specific amount of data from the beginning of the filtered 
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data, I could account for the delay caused by the low cutoff frequency. Hence, I obtained the most 
accurate filter with a very low cutoff frequency of 0.01, having a median error of less than a centimeter. 
However, it had a delay of 30 minutes, which is a major disadvantage. The MOSE barriers only take 30 
minutes to be placed in active positioning, so a delay in measurements could cause real-time problems 
as well as issues with forecasting. The most ideal cutoff without delay is therefore 0.05, with a median 
error of about 1 centimeter.

Table 3

*The beginning of the filtered data has significant error, so in order to evaluate the undercalculations
across the majority of the data, it is necessary to remove the first 5 points of filtered data

**For the rows shaded in blue, data for the specified amount of time was deleted from the start
of the filtered data to account for the delay caused by the low cutoff frequency.

Figure 9
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Testing on Data with Gaps
 In the event that the input data signal stops working at any given moment, the filter must 
also be tested on data which contains gaps. I found that there is a major delay in re-starting the filter 
when a gap in data input occurs, since the filter is waiting to acquire the number of data points it 
needs to perform. A proposed solution could be to re-start the filter every time there is a gap of more 
than some number of data points, but this might lead to the major error that occurs at the start of 
every filter. So, the decision would have to be made between having an immediate measurement, even 
though the first few measurements are always inaccurate in the case of restarting the filter, or wait over 
an hour for a very accurate measurement which is delayed by the gap. Based on previous measures, 
the major errors at the start of the filtered data last around 5-10 minutes, then stop occurring and the 
filter outputs accurate measurements. By comparing the time of major error at the start of filtered data 
vs. when there is a gap and the filter is left unstopped, the 5-10 minute error is a better solution than 
the hour-long error. Thus, re-starting the filter when there is a gap in data is the best solution to this 
problem.

Summary: Best Filter Conditions
 I have presented conclusive evidence that the following conditions to the Butterworth
filter lead to the most accurate and real-time filtering of the radar data:

 Filter order N = 3
 Normalized cutoff frequency 0.05

 Comparing this conclusion to the original filtering strategies of moving mean and moving
median, these conditions give a similar median error of around 1 centimeter, but are better than
the moving mean and median because the range of error is smaller, despite the inaccuracies
caused by the Butterworth filter at the start (see Table 4).

Table 4

*Does not take into account under-calculation error at the beginning of the filter

Applying to Other Data
 In order to confirm that the previous stated conditions are effective for not only the tested 
sample and Table 5 gives the resulting error when the filter is applied to new radar data. Note that 
the data was given with 5-minute time steps for Piattaforma and 30-second time steps for Lido and 
Malamocco due to the frequency of sea level measurements at each location. Data from Chioggia was 
missing some measurements so it could not be fairly compared. By looking at Table 5, it is clear that 
there are very different ranges of error depending on where the device is located, so this point needs 
further analysis. However, the filter still successfully maintains a small median error.
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Table 5

*The beginning of the filtered data has significant error, so in order to evaluate the under-calculations 
across the majority of the data, it is necessary to remove the first 5 points of filtered data.

Going Forward
 The significant inaccuracies in the initial 5-10 minutes of the filter should be addressed in the 
future. However, if the filter is just constantly being applied, the “beginning” of the data might only 
be a problem for the initial time, assuming the data input is never stopped. When there is missing 
radar data, these inaccuracies will become much more serious if the filtering re-starts every time there 
is a gap. Otherwise, the disadvantages of having an hour delay when there is a gap in data must be 
examined.
 With regards to the different measurement locations, it is possible that each location might 
need its own unique filter conditions based on particular wind and wave action. It is also possible that 
some locations might be more accurate with the moving mean or moving median is used instead of 
the Butterworth filter.
 Since the moving mean and moving median filters do not have the same kind of significant 
error at the start of the filtered data as the Butterworth filter, I believe the best solution would instead 
be to use the moving mean or moving median for the start of filtering and after gaps in data, and then 
use the Butterworth filter when there has been enough data input for an accurate filtered output. 
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Chioggia Provisional Plant
Taylor V’Dovec and Malik Coville
Supervisor  Ing Paolo Strano CVN

 The overall goal of this technical project was to design the Provisional Plant for the Chioggia 
inlet in which this coming fall 2017 the gates will be installed on the bottom. The project was very 
useful to provide the Consorzio Venezia Nuova (CVN) to finalize the construction of the Chioggia 
plant.

 The first step was to create the Piping and Instrumentation (P&I) Diagrams, which involves 
the layout of the instruments and the design of airflow and liquid cooling of compressors. The P&Is
were modeled after the Malamocco’s provisional plant. We also produced an organized list of 
instruments, of their specifications and produced the folder of the instrument’s schematic.

Fig. 1 shows the Mechanical and Electrical layout

Fig. 1. Diagrams to finalize the Provisional Plants.

Fig. 2 shows the Provisional Mechanical Plant

Fig. 2
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 The Provisional Mechanical Plant was based on the layout for the full Treporti control plant 
completed in 2014 and shown in Fig. 3.

Fig. 3 Treporti Plant

 To obtain the 
finished Provisional 
Mechanical Plant, 
first the instrument 
numbers were checked 
for final control 
as well as all the 
pipes dimensions. 
Successively the P&I 
diagrams were used 
to find the necessary 
components and 
remove all backup 
systems. This process 
produced the Final 
Provisional Mechanical 
Plant shown in Fig. 4.

Fig. 4
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The initial design of the Electrical Provisional Plant is shown in Fig. 5

Fig. 5

 The model for its final structure was provided by the Electrical Plant functioning at Triporti, 
shown in Fig. 6

Fig. 6

 

Again we used the P&I diagrams and an Electric Panels Spreadsheet to find compressors/pumps and 
their necessary electric panels, therefore eliminating the unnecessary ones. The Final Provisional 
Electric Plant is shown in Fig. 7.
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Fig. 7
 The completed project for the Chioggia Provisional Plant will be examined and, if necessary, 
revised by the engineers of CVN in charge of constructing the plants.


