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Abstract: According to the Global Report on Internal Displacement (GRID, 2022), the number of
displaced people worldwide at the end of 2021 was 59.1 million, with 53.2 million of them being the
result of conflicts and violence, and 5.9 million caused by climate-related disasters. Furthermore,
the International Organization for Migration (IOM) predicts that the climate crisis will be solely
responsible for one billion migrants by 2050. In this context, the research examines the issue of
coastal multi-risk arising from a combination of heavy rainfall, river's overflow, and sea-level rise
phenomena, analysing it through the disciplinary perspective of urban planning. Specifically, the
study focuses on the need to upgrade the Local Urban Plan from a climate-proof perspective by
defining a method aimed at updating the territory's cognitive framework through the preparation
of a multi-risk map (which considers different time horizons), as well as the prescriptive apparatus
of the Plan through the definition of a toolkit of site-specific design actions oriented towards urban
adaptation. The proposed methodology is verified on the case study of Isola Sacra, Fiumicino (Italy),
and it is intended to be applicable to other territorial contexts. The research aims to outline guide-
lines for updating urban planning tools from a climate-proof perspective to promote long-term re-
silient urban development in risk-prone areas.
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1. Introduction
1.1. Submerged Landscapes: The Impact of Climate Change on Coastal Territories

According to the Global Report on Internal Displacement [1], 59.1 million people
were displaced globally by the end of 2021. Of this number, 53.2 million were displaced
due to conflict and violence, while 5.9 million due to climate change-related disasters. Alt-
hough it may seem that climate migration is on a smaller scale than that caused by conflict
and political instability, the International Organisation for Migration (IOM) forecasts that
the number of climate crisis migrants alone could reach one billion by 2050 [2].

In 2019, the Intergovernmental Panel on Climate Change [3] warned about the close
relationship between extreme weather events, such as floods and droughts, and social and
political instability. In the most extreme cases, these relationships can lead to armed con-
flicts. Thus, distinguishing between climate migration and migration caused by wars,
hunger, or socio-economic marginalization will become increasingly difficult [4, 5].

Indeed, even the European Union's New Pact on Migration and Asylum [6] acknowl-
edges that the effects of climate change in developing countries will exacerbate the migra-
tory phenomenon towards Europe [7, 8].

According to the World Urbanization Prospects [9], 55% of the world's population cur-
rently lives in urban areas, and this figure is expected to increase to 68% by 2050 due to
increased migration flows. This concentration of people and economic activities in cities
will increase pressure on the urban environment, accelerating environmental degradation
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processes [10, 11]. The United Nations' 2030 Agenda for Sustainable Development [12] recog-
nizes that the impacts of climate change are transboundary and require a coordinated
global response, which necessitates integrated approaches to risk management, sustaina-
ble planning, and design of urban settlements, prudent management of natural resources,
and civil society awareness of the effects of climate change on cities and territories [13, 14].

This research focuses on the issue of “coastal multi-risk”, which is the complex inter-
action of different factors caused by climate change. These include sea-level rise, coastal
erosion, river's overflow, high tide phenomena caused by heavy rainfall, storm events,
land subsidence, and the consequent loss of coastal habitats. These factors can interact
with each other in complex ways, making risk management equally complex [15].

The European Environment Agency's report, Marine messages 1. Navigating the
course towards clean, healthy and productive seas through implementation of an
ecosystem-based approach [16], highlighted how coastal multi-risk is set to increase in
Europe due to the combined effect of climate change, population growth, migration, and
urban development. This fact is also confirmed by the World City Report 2022 [17], and
in the italian context by the document Report sulle condizioni di pericolosita da alluvione
in Italia e indicatori di rischio associati [18], and by the 2021 Dossier I migranti ambientali.
L’altra faccia della crisi climatica [19]. The first document shows that the threat is
particularly serious for the delta areas of the Po, Adige, Arno, and Tiber; the latter
document highlights that floods caused by river's overflow are also associated with the
sea-level rise phenomena, a circumstance that will compromise the life of large and small
coastal urban areas, in which storms will be increasingly frequent and cause serious
damage, forcing the population to migrate to safer places.

The Italian Geographical Society's Conference of 30 January 2023 on “Submerged
Landscapes” highlighted the criticality of Italy's coastal environments about erosion
processes by 2050 and sea-level rise by 2100 as a consequence of climate change,
expressing the need to devote the 2023 Annual Report, soon-to-be-published, to the topic.

The urgency of addressing the issue of coastal multi-risk from the disciplinary point
of view of urban planning also emerges from reflecting on calamitous events that have
impacted some of the world's major cities in recent years. These events have made it
evident that there is a close relationship between spatial planning and the impacts of
climate change, as recognized by experts and the general public [20, 21]. Examples include
Hurricane Sandy, which devastated much of Manhattan's southeast coast in 2012, and, in
the Italian context, the storm that hit Venice in November 2019, as well as the disasters
that affected the Marche region and the island of Ischia in 2022.

1.2. The “regulatory dimension” of territorial government tools

This contribution is contextualized within the research project Pianificazione climate-
proof e strategie di rigenerazione per l’adattamento al fenomeno del sea-level rise.
Sperimentazione e innovazione del Piano urbanistico locale nei territori a rischio del
Lazio, financed by Sapienza - University of Rome (Principal Investigator Prof. Carmen
Mariano). The project aims at investigating the theme of urban adaptation to the coastal
multi-risk caused by climate change, in the territorial context of the Tiber estuary
(Fiumicino, Italy), with a time horizon up to 2100.

Consistent with the authors’ research path on what they define as the “regulatory
dimension” of the updating of territorial government tools from a climate-proof
perspective [22, 23], the results returned in this contribution propose some theoretical-
methodological and operational references for the innovation of the Local Urban Plan
from two closely connected points of view, the first (STEP 1), preparatory to the second
(STEP 2):

e STEP 1 | Implementation of the territory’s cognitive framework through the
preparation of a “multi-risk” map - with a time horizon to 2100 - concerning the
consistency of floods caused by the concomitance of heavy rainfall and river’s
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overflow (transient and non-linear phenomena) and sea-level rise (stable and
progressive phenomenon);

e STEP 2 | Definition of a toolkit of site-specific adaptation actions embedded in

broader urban resilience strategies of “defence”, “adaptation” and “relocation” [24],
complementing the prescriptive apparatus of the Local Urban Plan (STEP 2).

It should be noted that the interest of the research is not in multi-risk assessment, but
rather in the definition of guidelines for the innovation of urban planning tools in the light
of current knowledge on the impact of coastal flooding on the urban fabric.

The experiment aims to urge public opinion, experts in the field and policy-makers
to take charge of updating urban planning tools from a climate-proof perspective, and to
pursue long-term and resilient urban development in territories at risk [25, 26, 27].

2. Materials
2.1. Case Study

The proposed experimentation was conducted in the Municipality of Fiumicino,
which was identified by Antonioli et al. (2017) [28] as one of the thirty-three Italian areas
most at risk of flooding due to SLR by 2100. However, no urban or sectorial document
provides information on the consistency of the areas at risk of flooding caused by this
phenomenon. The Municipality of Fiumicino is also subject to floods caused by heavy
rainfall that contributes in turn to the Tiber’s overflow. Unlike the risk of flooding from
SLR, the one related to heavy rainfall and river’s overflow is included in a sectorial tool:
Piano di Gestione del Rischio Alluvioni dell’ Appennino Centrale (Flood Risk Management Plan
of the Central Apennines) [29, 30]. This plan proposes risk maps for three different
temporal probability scenarios, including the low, medium, and high probability of flood
events with return periods (RP) of 300 years, 100-150 years, and 30 years, respectively. The
contribution focuses on the area known as “Isola Sacra” which has a specific geo-
morphological conformation resulting from anthropic modifications dating back to the
Claudian period, at the beginning of the 1st century A.D. [31]. The analysis specifically
targets Area A - Passo della Sentinella (Fig. 1), characterized by the presence of a
spontaneous settlement built since the 1960s, where many people currently live despite
the very high risk of flooding, which causes significant damage every year. Additionally,
the Fiumicino Local Urban Plan [32] suggests the demolition of the existing building stock
in this area and its relocation to geomorphologically safer areas to facilitate environmental
reclamation operations (Fig. 2).
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Figure 1. Contextualisation of the area called “Isola Sacra” (yellow perimeter) within the Munici-
pality of Fiumicino, and of the Target Area A - Passo della Sentinella (light blue perimeter), within
Isola Sacra. Source: Google Heart Pro, elaboration by the authors (2023).

Figure 2. View of the spontaneous settlement of Passo della Sentinella, located right at the mouth of
the Tiber River. Detail of the “Trabocchi”. Source: The Tabloid. Available at: urly.it/3ns_x.

Regarding the three macro-strategies of urban resilience to climate change, which
were previously conceptualized by the authors in their joint research activity as “defence”,
“adaptation” and “relocation” [24], the Fiumicino Municipality's Administration is cur-
rently only undertaking actions related to the “defence” strategy. This is being done
through the construction of massive embankments to protect the most vulnerable areas.
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However, it should be noted that these interventions completely disregard any commu-
nication, even visual, between the urbanized areas and the natural element (the river),
which has a negative impact on the place’s identity (Fig. 3).

An example of this approach is the construction of the “embankment road” that de-
marcates Target Area A - Passo della Sentinella to the north, northeast and east. This impos-
ing embankment protects the most vulnerable area of Isola Sacra, which is the area closest
to the mouth of the Tiber River (Fig. 4), but at the same time it also isolates the settlement
of “Passo della Sentinella” even further, thereby negatively impacting the effects of future
floods in that area. In the event of a flood, the embankment road will further impair the
already difficult outflow of excess water, leading to a “pool effect” in the target area.

This intervention underscores the fact that the definition of “defence”, “adaptation”
and “relocation” actions must be planned while considering the complexity of the urban
context. This operation requires coordination managed within the urban planning tool at
the local level. Hence, the latter should provide a clear territory's cognitive framework
concerning risk phenomena and prescriptions in line with the future scenarios profiled.

For the experimentation, the following materials were used, some of which are de-
scribed in the following paragraphs:

e  DEM with 10-meter resolution [33];

e  Shapefile of the PRG (General Regulatory Plan) of the Municipality of Fiumicino [32];
e  Projections of mean sea-level rise in the Mediterranean Sea to 2100 [34];

e  RP 30-year and RP 100-year PGRAAC Risk Maps [35].

Figure 3. View of the river from an internal area of Isola Sacra. Numerous imposing embankments
that protect the settlement and the agricultural areas from floods, at the same time, deny the rela-
tionship, even visual, with the river. As a result, the only visible elements of the river landscape are
the masts of boats, while the visual connection with the river itself is completely obstructed. Source:
Marsia Marino (2021).
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Google Earth

Figure 4. An aerial view of the embankment road reveals that the spontaneous settlement of Passo
della Sentinella is not protected by the embankment. Protection is only provided for the built-up
area to the north of the embankment. Source: Google Heart Pro.

2.2. PRG of the Municipality of Fiumicino

Fiumicino became an autonomous municipality in 1992, prior to which it was in-
cluded in the municipal territory of Rome, and its administrative boundaries were part of
the 1962 General Regulatory Plan (PRG) of the Municipality of Rome. The first General
Regulatory Plan of the Municipality of Fiumicino was not implemented until 2006, which
meant that from 1992 to 2006, Fiumicino lacked clear indications for urban planning. This
peculiarity, along with the illegal construction that affected the entire Italian territory in
the 1970s, contributed to the proliferation of spontaneous and unauthorized settlements,
which were often in contrast with the provisions of Rome's 1962 PRG. These irregularities
were acknowledged and rectified by the 2006 Fiumicino Plan.

One example of this was the spontaneous settlement of “Passo della Sentinella”. The
Rome Plan of 1962 designated this area as a “public park” (Fig. 5a) due to its extreme
vulnerability to flooding phenomena, caused by its position at the mouth of the Tiber
River. However, the current PRG of Fiumicino (2006) classifies it as Zone B or “comple-
tion: consolidated residential building” — Sub-zone B1b, or “building maintenance for en-
vironmental reclamation and restoration” (Fig. 5b).

The shape file of Fiumicino's PRG [32], which divides the plan into Homogeneous
Territorial Zones, was used for experimentation. Homogeneous Territorial Zones are the
areas into which a municipal territory is divided in Italy, as part of the zoning carried out
in local urban planning instruments. These zones are grouped by affinity, and each has
different prescriptions according to the peculiarities of the area.

Homogeneous Territorial Zones were formally introduced by Law no. 765 of 6 Au-
gust 1967 and further regulated by Ministerial Decree no. 1444 of 2 April 1968. These zones
include:

. Zone A: historic center, historic buildings;
e  Zone B: completion zone, consolidated residential building;
e  Zone C: expansion housing;

e  Zone D: zone for productive settlements;
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e  Zone E: agricultural area;

e  Zone F: zone for collective facilities and equipment.

Each zone is further divided into different sub-zones, with different prescriptions
given for each of these.

5
=" mw
(a) (b)

Figure 5. (a) An extract from the 1962 PRG (General Regulatory Plan) of Rome, showing a detailed
map of Isola Sacra. Here Passo della Sentinella is designated as a “public park”. (b) An extract from
the 2006 PRG of Fiumicino, showing a detailed map of Isola Sacra. Here Passo della Sentinella is
designated as “Sub-zone B1b”.

2.3. PGRAAC risk maps

The shape files, which were prepared by the Central Apennine District Basin Author-
ity in the Piano di Gestione del Rischio Alluvioni dell’Appennino Centrale (Flood Risk Man-
agement Plan of the Central Apennines) [29, 30], were utilized to verify the consistency of
the areas at risk of flooding with RP 30 and 100 years. The risk maps depict the risk of
flooding under three distinct probability scenarios:

a) low probability or extreme event scenarios
b) average probability of flooding
c)  high probability of flooding

With regards to this, Italian Legislative Decree 49/2010, which implements the na-
tional Floods Directive, establishes that high probability scenarios or frequent floods cor-
respond to return periods between 20 and 50 years (for scenario c = Tr < 30 years), whereas
medium probability scenarios or infrequent floods correspond to return periods between
100 and 200 years (for scenario b = Tr < 150 years). Therefore, low probability or extreme
event scenarios are those corresponding to return periods exceeding 200 years (for sce-
nario a = Tr < 300 years) [29, 30].

It should be emphasized that the Target Area, is entirely impacted by high-probabil-
ity flooding phenomena with frequent flooding (RP 30). In Figure 6, the color yellow rep-
resents the high risk (frequent floods), orange represents the medium risk (infrequent
floods), and brown represents the low risk (rare floods).
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Figure 6. Flood risk map developed by the Central Apennine District Basin Authority. Detail of Isola
Sacra, Fiumicino (Lazio, Italy) area. Source: PGRAAC (2018).

2.4. SLR projections to 2100

Regarding the SLR phenomenon, the study takes into account projection data of the
average Mediterranean sea-level rise up to 2100 [34]. It is important to note that the au-
thors do not delve into the details of how the projection data are defined, which is the
responsibility of climate modeling. Instead, these projections represent a reference to un-
derstanding how these can be related to the forecasts of the Local Urban Plan. This is done
in order to update both the territory's cognitive framework concerning future risk scenar-
ios (as far as the indicative apparatus is concerned) and the prescriptive apparatus by pro-
posing site-specific adaptation actions compatible with the risk scenario, as integrations
of the Technical Implementation Regulations (in Italian: Norme Tecniche di Attuazione —
NTA).

It is worth noting that the use of such data has a purely demonstrative purpose and
would change little for this research, even if fluctuations in sea-level rise in the order of a
few centimeters were recorded. This is because, as specified in the introduction, the pur-
pose of the experimentation is not the assessment of multi-risk, but the definition of guide-
lines for the innovation of the urban planning tool in light of current knowledge on the
impact of coastal flooding on the urban settlement.

Before delving into the specifics of the study, it is important to note that SLR is one
of the most impactful effects on the territory related to climate change. In this sense, the
text underlying the definition of sea-level rise projections to 2100 is the Fifth [IPCC Report
of 2013 (hereinafter AR5) [36], taking into account the updates published in the AR6
(IPCC, 2021) [37] which represents the current state of knowledge on climate change and
its potential environmental and socio-economic impacts.

The basic data from which to encode projections of rising global temperatures and
consequent sea-level rise are the so-called “emission scenarios”: plausible representations
of the future development of greenhouse gas and aerosol concentrations. In AR5, four
new scenarios, called RCPs (Representative Concentration Pathways), were used. These sce-
narios indicate a representative trend in greenhouse gas and aerosol concentrations for a
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given climate target (in terms of radiative forcing in 2100), which in turn corresponds to a
given trend in human emissions [38, 39, 40].
The RCP scenarios considered are as follows:

e  RCP 2.6 mitigation scenario (very high emission reduction);
e RCP 4.5 stabilization scenario (large reductions);
e  CPR 6.0 stabilization scenario (mild reductions);

e  RCP 8.5 high emission scenario (“business as usual”).

For the study, the elevation figure used is the average for the Mediterranean Sea,
which is approximately 63 cm compared to the RCP 8.5 scenario [34].

3. Methodology

3.1. STEP 1: Integration of the territory’s cognitive framework concerning the risk of flooding
due to heavy rainfall and river’s overflow and sea-level rise phenomena

First, it was necessary to develop a SLR (Sea Level Rise) risk map with a time horizon
of 2100, using the methodology previously elaborated by the authors [23, 41]. To accom-
plish this, contour lines were extracted from the DEM (Digital Elevation Model) with a
resolution of 10 meters [33] using the Q-GIS 3.10.2 software. The contour line at an eleva-
tion of 63 cm [34] was isolated, which represents the projection of the coastline at 2100.
The shape file of the Fiumicino PRG (2006) was then edited to highlight the Homogeneous
sub-zones included in the target area A - Passo della Sentinella (Fig. 7). The specifications
of these sub-zones are described in Tab.1.

Next, the previously obtained projection of the coastline to 2100 was superimposed,
and the percentages of homogeneous zones potentially affected by flooding by 2100 due
to sea-level rise were determined using a quantity-qualitative reading, as described in the
section on STEP 1 results (section 4.1) (Fig. 8).

After defining the flood risk by 2100 caused by a sea-level rise of 63 cm, the risk rel-
ative to flood caused by heavy rainfall and river’s overflow phenomena was defined. The
shape files of the PGRAAC risk maps [29, 30] with 30-year RP (Return Period) and 100-
year RP, which are coincident for the target area A - Passo della Sentinella (Fig. 9), were
superimposed on the Fiumicino PRG (2006) [32]. Similarly to what was done for the SLR
phenomenon, the percentages of Homogeneous zones involved and affected by flooding
with 30-year and 100-year RP were determined using a quantity-qualitative reading, as
described in the paragraph on the STEP 1 results (paragraph 4.1).

Finally, by superimposing the consistency of the SLR risk areas and the area at risk
of flooding due to heavy rainfall and river’s foverflow with RP 30 and 100 years, it can be
seen that the entire Target Area A - Passo della Sentinella is affected by flooding with a time
horizon of 2100 (Fig. 10).
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Figure 7. Highlights of the Homogeneous sub-zones of the PRG of the Municipality of Fiumicino
(2006). Software: Q-GIS 3.10.2. Authors’ elaboration (2023).
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Table 1. Technical Implementation Regulations (NTA) for the Homogeneous sub-zones of the
Fiumicino PRG (2006) included in the Target Area A - Passo della Sentinella.

Homogeneous Territorial Homogeneous sub-zone

Art. of the NTA

Specifications

Zones
[...] The nucleus known as
Passo della Sentinella will be
. subjected to implementation
Art. 54.3 Maintenance, . . .
. planning aimed at the envi-
completion and ronmental redevelopment of
B Sub-zone Blc redevelopment of existing  the site. This target may be
fabric: building maintenance pursued through reclamation
zone for rehabilitation and Works, also a'fte.r the d.en?oh-
. o tion of the existing building
environmental remediation .
stock and relocation of the
same in external areas [...].
Art. 60.1 Agricultural activi- [...] Lands with
E Sub-zone E1 ties in suburban areas: agri- hydrogeological
cultural areas in the settled vulnerability [...].
territory
[...]Only public facilities that
Sub-zone F2c are essential for enjoying the
Art. 63.4 Public green: Terri- park itself or for the recovery
F and redevelopment of the en-

Sub-zone F2e

Sub-zone F2g

torial Equipped Park

Art. 63.4 Public green areas
may include concessionary
facilities for coastal use, as
well as open-air facilities for
tourism and leisure activities

Art. 63.8 Public green: Em-
bankment Protection Area

tire river channel are envi-
sioned.

[...] The adaptation of sani-
tary facilities is permitted up
to a 10% increase of the exist-
ing covered surface area, as
well as the demolition and
reconstruction of existing
buildings, with indications of
their use for bathing services,
refreshments, storage, and
outdoor equipment [...]

[...] The reconversion of exist-
ing shipyards and buildings
for use along the Tiber is al-
lowed, if landscape and envi-
ronmental principles and

values are respected [...]
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Figure 8. Overlay of the projection of the coastline at 2100 to the PRG of Fiumicino (2006) to highlight
the consistency of the areas at risk of flooding at 2100 due to SLR. Software: Q-GIS 3.10.2. Authors'
elaboration (2023).

= Embankment street
== Target Area “Passo della Sentinella”
TR100_PGRAAC
TR30_PGRAAC
homogeneous areas PRG Fiumicino
0 Idrografia
S I F3b
! F2g
o F2e
B F2d
I Fac
B Flal
=l
C3c
C3b
C3a
Bda
B3a
B2b
e I B2a
B Bic
Google Satellite

0 100 200 m
-

Figure 9. Overlay of the shape files related to the flood risk with RP 30 and 100 years (due to heavy
rainfall and river’s overflow) at the PRG of Fiumicino (2006). The area at risk RP 30 years and the
one at risk RP 100 years are coincident for the Target Area A - Passo della Sentinella. Software: Q-GIS
3.10.2. Authors' elaboration (2023).
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Figure 10. Overlay of the areas at risk of flooding due to SLR by 2100 and the ones due to heavy
rainfall and river’s overflow with RP 30 and 100 years at the PRG of Fiumicino (2006). The resulting
map shows the areas subject to multiple risks, which encompass 100% of the extension of Target
Area A - Passo della Sentinella. Software: Q-GIS 3.10.2. Authors' elaboration (2023).

3.2. STEP 2: Definition of the site-specific action toolkit for the risk of flooding caused by heavy
rainfall and river’s overflow and sea-level rise phenomena

The authors have been working for several years on the definition of macro-strategies
and design actions for climate-adaptation, first defining the three macro-strategies of ur-
ban resilience, named “defence”, “adaptation”, “relocation” [24], then a toolkit of site-
specific design actions that relates the design actions [42, 43, 44, 45, 46] with the systemic
components that make up the urban structure [47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57]. For
this work, the methodology conceptualised by the authors has been augmented and up-

dated and includes the explication of:

e  a “state of affairs”, which considers the current Local Plan forecasts for the Homoge-
neous sub-zones included in the Target Area;

e  a “state of forecast to 2100”, with a 100-year time horizon, which validates or supple-
ments the forecasts currently in force for those areas, to provide indications for the
future updating of the Plan in the light of the risk highlighted by the multi-risk maps
of the area obtained in "STEP 1".

In the “state of affairs” the following are made explicit:
e  the Homogeneous sub-zones within the Target Area;

e the challenges affecting the reference sub-zones to which the adaptation action must
respond (in this case heavy rainfall and river's overflow, and sea-level rise);

e the forecasts (currently in force) indicated in the NTAs of the Plan for each homoge-
neous sub-zones;

e the physical-territorial system most affected by the risk phenomenon and therefore
the one that will receive the greatest benefits from adaptation action: the Ecological-
environmental System, the Settlement System, the Infrastructure and Services Sys-
tem.

In the “state of forecast to 2100”, the following are made explicit:
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e some targets (i.e. the adaptation goals to be achieved in the light of the flood risk);

e  several site-specific actions (each of which will refer to a reference macro-strategy:

“defence”, “adaptation”, or “relocation”) to be sought (during the project phase) in
best practices with similar characteristics to the area under study).

The methodology for constructing the toolkit is designed to be exportable and repli-
cable in different contexts and includes the possibility of being integrated according to
circumstances.

The results of the application of the toolkit to Target Area A - Passo della Sentinella are
presented in the STEP 2 results section (section 4.2).

4. Discussion and Results

4.1. STEP 1 | Quanti-Qualitative Reading of Sub-zones at Risk of Flooding due to Heavy
Rainfall and River’s Overflow, and Sea-level Rise

Thanks to the methodology presented in STEP 1 (paragraph 3.1), it was possible to
perform a quanti-qualitative reading of the flood risk at 2100 caused by a predicted sea-
level rise of 63 cm. The table below shows the percentage of the area at risk of flooding,
with respect to the area of the reference sub-zone included in Target Area A — Passo della
Sentinella (Tab. 2).

Table 2. Quanti-qualitative reading of areas affected by future flooding due to sea-level rise.
Projection: 63 cm by 2100.

Homogeneous Territorial

Homogeneous sub-zone Area of the sub-zone Area at risk falling within the

Zones within the target area sub-zone (%)
B Sub-zone Blc 186.294,84 m? 111.421,442 m? (59,81%)
E Sub-zone E1 57.865,863 m? 0%
F Sub-zone F2c 781.719,024 m? 115.745,177 m? (14,81%)
Sub-zone F2e 9.239,793 m? 100%
Sub-zone F2g 106.194,836 m? 86.905,14 m? (81,84%)

It follows that the sub-zone Blc, which pertains to the "Maintenance, Completion,
and Redevelopment of Existing Buildings", would be affected by flooding due to SLR at
2100 for approximately 59.81% of its area. The sub-zone F2c, designated as a "Public
Green: Equipped Territorial Park" (currently occupied by agricultural fields, in violation
of current regulations), would be affected for about 14.81% of its area. The sub-zone F2e,
classified as a "Public Green: Concessionary Facilities for the Enjoyment of the Coast,"
would be entirely affected within the target area. The sub-zone F2g, designated as a
"Public Green: Embankment Protection Area,” would be affected for approximately
81.84% of its area. However, the area of sub-zone E1, which pertains to "Agricultural
Activities in the Extra-Urban Territory" and is included in the target area, would not be
compromised due to flooding at SLR to 2100 (see Table 2).

Similarly, it was possible to perform a quanti-qualitative reading of the expected
floods due to heavy rainfall and river’s overflow with RP 30 years and RP 100 years. As
previously stated, these two phenomena coincide in the target area. The table below
shows the percentage of sub-zones at risk of flooding included in the Target Area A - Passo
della Sentinella (Tab. 3).
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Table 3. Quanti-qualitative reading of areas affected by flooding due to heavy rainfall and river’s
overflow with 30-year RP and 100-year RP.

Homogeneous Territorial Homogeneous sub-zone Area of the sub-zone Area at risk falling within the

Zones within the target area sub-zone (%)

B Sub-zone Blc 186.294,84 142.710,330 m? (76,69%)

E Sub-zone E1 57.865,863 m? 100%

F Sub-zone F2c 781.719,024 m? 766.205,248 m? (98,02%)
Sub-zone F2e 9.239,793 m? 5.122,698 m? (55,44 %)
Sub-zone F2g 106.194,836 m? 38.362,938 m? (36,12%)

As a result, sub-zone Blc, which pertains to the "Maintenance, Completion, and Re-
development of Existing Tissue," would be affected by flooding with RP 30 years and RP
100 years for approximately 76.69% of its area. Sub-zone E1, which pertains to "Agricul-
tural Activities in the Extra-Urban Territory" and is included in the target area, would be
entirely affected. The sub-zone F2c, designated as a "Public Green: Equipped Territorial
Park" (and is currently occupied by agricultural fields, in violation of the Plan's regula-
tions), would be affected for approximately 98.02% of its area. The sub-zone F2e, classified
as a "Public Green: Facilities under Concession for the Enjoyment of the Coast," would be
affected for about 55.44% of its area. Finally, sub-zone F2g, designated as a "Public Green:
Embankment Protection Area," would be affected by approximately 36.12% of its area (see
Table 3).

4.2. STEP 2: Application of the toolkit to Target Area A — passo della Sentinella

After completing the quanti-qualitative reading of Tables 2 and 3, it was possible to
conduct specific evaluations on the current prescriptions of the Fiumicino Local Plan
(NTA), which is currently in force (refer to Tab. 1). These evaluations will provide useful
indications to the Local Administration for updating the Plan in accordance with the risk
scenarios outlined in STEP 1.

As outlined in the STEP 2 methodology (section 3.2), the toolkit (Tab.4) includes:

e a “state of affairs” that illustrates the current NTA prescriptions for the relevant sub-
zones within the target area, the risk scenario they face (determined in STEP 1 with
Tables 2 and 3), and the territorial system in which the urban components most
affected by flooding occur (Ecological-environmental System, Settlement System,
Infrastructure, and Services System);

e  a “state of forecast to 2100”, which outlines the goals for adapting the area through
site-specific actions (which fall under one of the three macro-strategies of “defence”,
“adaptation”, and “relocation”, indicated in Tab. 4 as “a”, “b”, and “c” respectively).
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Table 4. Toolkit of site-specific actions applied to Target Area A — Passo della Sentinella

State of affairs

State of forecast to 2100

Homogeneous Challenges NTA Territorial Target Site-specific Macro-
sub-zone (PRG, forecasts System actions strategies
2006) (PRG, 2006)
a b ¢
Blc Heavy Planned relo-  Settlement Relocation of the  Identification L
Art. 54.3: rainfall cation of ex-  System inhabitants of of completion
Maintenance, and river’s  isting build- Passo della areas within
completion and overflow; ings to exter- Sentinella for the
redevelopment Sea-level nal areas reclamation municipality in
of the existing rise may involve works in the area ~ which to
fabric the demoli- relocate part of
tion of the the inhabitants
existing Strengthening o
building and integration
stock. of defence
embankments
near the mouth
of the Tiber
River
Creation of a ¢ o
raised platform
at the level of
the
embankment
on which to
allocate new
buildings (to
relocate part of
the current
population)
Environment Ecological- Land reclamation  Creation of o
al environment and renaturation = wetlands
rehabilitation al System of the area Creation of o
is planned areas for eco-

friendly
recreational
activities also
related to

water
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E1 1. Heavy Hydrogeolog Ecological- Redevelopment Creation of e
Art. 60.1: rainfall ical environment into a Territorial wetlands
Agricultural and river's  vulnerability = al System Equipped Park Creation of o
activities in overflow constraints areas for eco-
suburban areas are respected friendly
recreational
activities
F2c 1. Heavy Only public ~ Ecological- Reconversion of Creation of oo
Art. 63.4: Public rainfall facilities that ~ environment areasinto a wetlands
green: and river's  are al System Territorial Creation of e
Territorial overflow; indispensabl Equipped Park. areas for eco-
Equipped Park 2. Sea-level e to the friendly
rise enjoyment of (The area is recreational
the park currently activities
itself and/or occupied by Construction of LN
destinations agricultural fields, playgrounds
aimed at the contrary to the Creation of L ]
recovery and Plan's provisions)  areas equipped
redevelopme for sport
nt of the
entire river
channel are
envisaged
F2e 1. Heavy Areas Infrastructur ~ Deanthropisation  Relocation of L
Art. 63.4: Public rainfall equipped for e and and present
green areas and river’'s  tourism and  Services activities
may include overflow;  recreational  System
concessionary 2. Sea-level activities are  Ecological- Renaturalisation =~ Restoration of ®
facilities for rise also planned  environment of the area the dune
coastal use al System cordon
F2g 1. Heavy Planned re-  Infrastructur ~Embankment Maintenance o
Art. 63.8: Public rainfall conversion of e and protection actions  and possible
green: and river's  existing ship- Services integration of
Embankment overflow;  yards and System embankments
Protection Area 2. Sea-level constructions  Ecological- Renaturalisation = Relocation of L
rise along the Ti-  environment of the area present
ber must fol-  al System activities
low land-
scape and
environmen-

tal principles

and values
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Regarding the "state of affairs" of sub-zone Blc, which encompasses the maintenance,
completion, and redevelopment of existing buildings, we can observe that it is affected by
both SLR-induced flooding with a time horizon of 2100 and flooding with RP 30 years and
RP 100 years caused by heavy rainfall and river's overflow phenomena. The most affected
territorial systems are the Settlement and the Ecological-environmental Systems. The
“state forecast to 2100” proposes the following targets:

1. The relocation of Passo della Sentinella's inhabitants for reclamation works (a target

already stated in the current Plan's provisions);
2. Land reclamation and renaturation of the area.

In turn, the two targets are divided into the following site-specific actions:

1.1 Identification of completion areas within the municipal territory to which part of
the inhabitants will be relocated (an action also explicitly stated in the current Plan's
forecasts);
1.2 Strengthening and integration of defence embankments near the mouth of the Tiber
River;
1.3 Creation of a raised platform at the embankment level to construct buildings, in-
cluding residential buildings, in which part of the current population will be relocated;
2.1 Creation of wetlands;
2.2 Creation of areas for eco-friendly recreational activities related to water.
Thus, the adaptation of sub-zone Blc will require an integrated approach that involves

s

"defence”, "adaptation"”, and "relocation" strategies.

About the “state of affairs” of sub-zone E1, which is currently designated for agricul-
tural activities in suburban areas, it appears that it is only affected by floods with RP 30
and RP 100 years caused by heavy rainfall and river's overflow, with the most affected
System being the Ecological-environmental.

In this regard, the “state forecast to 2100” proposes the following target:

1. Reconversion into a Territorial Equipped Park, which aligns with the intended use
of contiguous "F2c¢" zones as per the current NTAs. It is considered plausible that even
though the portions of the E1 sub-zone falling within the target area A - Passo della Sen-
tinella, seem not affected by flooding from SLR, this will still be affected in some way as
they are excluded from the protection of the embankment road.

To achieve this target, the following site-specific actions have been proposed:
1.2 Creation of wetlands;
1.3 Creation of areas for eco-friendly recreational activities

Therefore, the adaptation of sub-zone E1 will have to be done with an integrated
approach involving “adaptation” and “relocation” strategies (as far as previously planned
agricultural activities are concerned).

About the “state of affairs” of sub-zone F2c, which is “Public green: equipped terri-
torial park”, it can be seen that this area is affected by floods caused by both SLR with a
time horizon of 2100 and floods due to heavy rainfall and river's overflow with RP 30
years and RP 100 years and that the most affected System is the Ecological-environmental.

In this regard, the “state forecast to 2100” proposes the following target:

1.  Conversion of the area into a Territorial Equipped Park.
The target is divided into the following site-specific actions:

1.1 Creation of wetlands;
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1.2 Creation of areas for eco-friendly recreational activities.

It follows that the adaptation of sub-zone F2c will have to proceed with an integrated
approach that includes “adaptation” and “relocation” strategies (in regards to the agricul-
tural activities currently in use, which are contrary to the Plan regulations).

About the "state of affairs" of sub-zone F2e "Public green: concessionary facilities for
the use of the coast", is it possible to see how it is affected by both the flooding caused by
the SLR with a time horizon of 2100 and floods due to heavy rainfall and river's overflow
with RP 30 and 100 years. The Infrastructure and Services and the Ecological-environmen-
tal Systems are the most affected.

The "state forecast to 2100" proposes the following targets:

Deanthropisation;
2. Renaturalisation of the area.
These two targets are further divided into the following site-specific actions:
1.1 Relocation of present activities;
2.1 Restoration of the dune cordon.
Therefore, the adaptation of sub-zone F2e will have to proceed with an integrated

approach involving "adaptation” and "relocation” strategies.

About the "state of affairs" of sub-zone F2g "Public green: Embankment protection
area" it can be seen that this area is affected both by floods caused by the SLR with a time
horizon of 2100, and by floods due to heavy rainfall and river’s overflows with RP 30 and
100 years, and how the Systems most affected are the Infrastructure and Services and the
Ecological-environmental.

In this regard, the “state forecast to 2100” proposes the following targets:

1.  Actions to protect embankments (a target that is also made explicit in the current
provisions of the Plan);
2. Renaturalisation of the area.
In turn, the two targets are articulated in the following site-specific actions:
1.1 Maintenance and possible integration of embankments;
1.1 Relocation of present activities

It follows that the adaptation of the F2g sub-zone it is necessary to proceed with an
integrated approach involving “defence” and “relocation” strategies.

5. Conclusion

The innovation of the research lies firstly in the possibility, enabled by the toolkit
(Table 4), of comparing the current prescriptions of the Local Urban Plan with the risk
scenarios to which the Homogeneous sub-zones included in the target area are expected
to be exposed (state of affairs). Secondly, the toolkit allows for verifying their congruence
and thus validating or modifying/integrating them into the forecast state by 2100.

The toolkit reveals that, in some cases, the “state forecast to 2100” validates the pre-
scriptions of the NTAs of the Local Plan, while in other cases, it highlights the need to
modify/supplement them. The cases in which the targets and site-specific actions of the
“state forecast to 2100” validate the current NTAs are:

e  Sub-zone Blc, concerning the relocation of the inhabitants of Passo della Sentinella
to identified completion areas within the municipal territory.

e  Sub-zone F2g, concerning embankment protection actions.
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For the remaining sub-zones within the target area, amendments/integrations of the
NTA are necessary.

It is interesting to note how the column of “macro-strategies” (Table 4) suggests the
need to adopt an integrated approach to adapting the territory to flooding phenomena,
including a mix of “defense”, “adaptation”, and "relocation” actions. This approach differs
from the one adopted so far by the municipality of Fiumicino, which relies solely on de-
fense actions [58].

The contribution aims to demonstrate the importance of constantly updating the ter-
ritory's cognitive framework to identify the areas at risk of flooding concerning different
time horizons. Furthermore, it stresses the need to pursue a resilient development of the

territory based on an integrated approach of “defense”, “adaptation”, and “relocation”
through the cascading definition of targets and site-specific actions [60].
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