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The Assessment Framework of Phusicos

The Framework Tool is based on the assessment of distinctive Indicators PlI,
making up a Framework Tool Matrix

Cc1 c2 c3 c4 c5 C6 | C7 | Cc8 | C9 |c10
AMBIT  CRITER CONCEPT SUB - CRITERION INDICATOR METRIC TIPOLO  DIRECT
L SYR KON COLUMN C1: AMBIT
Landslide Risk @ Site response to Landslide phenomena based onfl Factor of Safety - QT + M
Resilience susceptibility indicators: slope angle, pore water pressure, Percentage of Occurred Landslide Area/ % Qr - S
groundwater depth, soil properties, land use, land cover Risk Area .
o i ; COLUMN C2: CRITERION
Flooding Risk [ Site response to Flooding phenomena based onfl Peak Flow m's QT M/LL
'g Resilience susceprlibihtyl 1ndi‘calorsl: land use cover, n{n{)ff Peak Volume m QT M/LL
:»:4 coefficient, rainfall intensity and frequency and duration " g h0q s oo i QT MGIS COL UMN C3 : Co N C E PT
Snow Avalanche Risk [ Site response to Snow avalanche phenomena based onf§ Snow Cover Map, Digital Terrain QT GISIM/
Resilience ptibility indi pography, wind, Model (DEM] Land Relief [To be LL
snow thickness and duration d according to Living Labs|
Drought Risk [l Site response to Drought phenomena based onfl Standardized Precipitation Index (SPT) QT M COL UMN C4 . S U B-c R IT E R I O N
Resilience susceptibility_indicators: land use_cover. temperature. ll Pffeciive Dronoht Index (FDT) M,
5 Ambits 14 Criteria 37 COﬂCEptS COLUMN C5: INDICATOR
% Ll Ll L
s 42 Sub-Criteria 91 Indicators COLUMN C6: METRIC
g Homeless)
a § Elderly, children, disabled ar/km QT M/S
3 Potential Species @ Potential Species Exposed to Risks Domestic and wild fauna (livestock and r/kn’ qQr M/S C O L U M N C 7: TI PO LOGY
1~ <l Involved protected species)
E Potential ~ Buildings l§ Potential Buildings Exposed to Risks Housing . fkm’ QT M/S
-1 Involved Agricultural and Industrial buildings .k’ QT M/S
Strategic buildings (hospitals, schools, Jkm’ QT M/S :
g g o et~ COLUMN C8: DIRECTION
Transportation Potential Infrastructures Exposed to Risks Roads mvkm’ Qr M/S
Infrastructures i m/km’ QT M/S
Lifelines  (watermain,  sewerage, m/km’ Qr M/S COL UMN C9 So U RC E
pipeline,....)
Social - Population J§ Potential Population Vulnerable to Risks Population arfkm’ QT S
Density
Ec: i Potential Ec ic Effects due to Risks Ec i I f - th ducti €km’ QT S .
onomic otential Economic Effects due to Risks ad(in‘r/liclnins;c ‘:Jl;nu:mt:l)e [: %?k uc(;v:: m COLUMN C1 0 : ASSESSM E NT FACTO RS
economic value of the fields, n.workers)
Physical Housing @ Potential Infrastructures Vulnerable to Risks Buildings ar./km’ QT S
Infrastructure Density
Physical Transportation  Infrastructures  and m/km” Qr S
Transportation Lifelines
Infrastructure Density
Financial Assessment [ Cost-Benefit Analysis of the Intervention Initial costs € Qr M/S
A Maintenance costs € QT M/S




The Assessment Framework of Phusicos
Aggregation and Weighting Methods
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The Case Study of QUINDICI (AV)

Why Quindici (AV) Case-Study?
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The Case Study of QUINDICI (AV)
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Site Characterization — Baseline Scenario B0
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Relatore
Note di presentazione
Most part of the municipality surface is covered by forests, which was affected by a large fire that destroyed a great part of the wood on one of the slopes of the study basin during the month of August 2017.



Site Characterization — Baseline Scenario B0
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Relatore
Note di presentazione
The activation of a rapid landslide involves the downstream propagation in the foothills area, acquiring high speed, caused by the high grade of slopes and sometimes by the fluidification of the material. Due to its inertia, the soil movement continues to move quickly, being able to cover long distance. The kinetic energy of the soil movement represents the destructive potential of the landslide body. 



Design Scenarios: the NBSs Scenario B1
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Relatore
Note di presentazione
the choice of Scenarios
The chaotic development of inhabited centers has led to the loss of the paths naturally followed over the centuries by the muddy flows characterizing the area. A significant landslide and flooding risk level emerged from the Baseline Scenario analysis for the case study area. Thus, two design scenarios were developed in order to lower the aforementioned risks. 
The implemented project Scenarios designed in the framework of this study case aim to realize naturalistic settlements on the slopes by implementing NBSs approaches, such as living grids and/or live fencings and fascines, which present a perfect and harmonious environmental insertion, as well as great effectiveness, if correctly located and designed. 
Specifically, the first scenario considered only NBSs (B1), whereas, hybrid solutions were applied for the second one (B2).
As far as the geotechnical field is concerned, active defense measures are considered, such as vegetated timber cribs. 
These interventions were located in areas close to roads, susceptible to landslide risk,  as shown in the map. 
In B1, a system of 4 water retention ponds was proposed. 
The ponds, mutually interconnected, have a total area of 13300 m2 and a total volume of 20000 m3, having, on average, a 1.50 m depth. Furthermore, a floodable park of  9050 m2 was planned. 
The retention ponds, from hydraulic point of view, work in rainy periods, when the torrent waterway, usually dry for the most of the year, start flowing nearby and fulfill them. In turn they reconnect to the existing artificial channel. For extreme events, when the retention ponds are totally filled, they can overflow into the adjacent floodable park. On the contrary, in dry weather conditions, the retention ponds and the floodable park can dry up, through the permeability of the fund. 
Moreover, the project foresees the watercourse channel naturalization through the expansion and the re-profiling of the banks along the path reaching the retention ponds and the flooded park, having length of 2.06 km and total volume of 61800 m3. The re-profiling is made using a terramesh system that provides blocks with dimensions 0.3×1 m filled with stones. 
As a complementary intervention, hard drainage pavements with length 24.20 km are also represented in yellow, designed to improve the nature-based approach of the existing routes. Moreover, the project foresees the watercourse channel naturalization through the expansion and the re-profiling of the banks along the path reaching the retention ponds and the flooded park, having length of 2.06 km and total volume of 61800 m3. The re-profiling is made using a terramesh system that provides blocks with dimensions 0.3×1 m filled with stones. 
As a complementary intervention, hard drainage pavements with length 24.20 km are also represented in yellow, designed to improve the nature-based approach of the existing routes. 
These works are part of a green park that allows to reconnect and enhance a series of pre-existing resources: a small picnic area, a small historical-archaeological area with the remains of a medieval tower and the ancient water mills. For example: the site of Mulini, the Church of Santa Maria delle Grazie, the Medieval Belfry or traditionals rural buildings. More over, thanks to the new routes, it is also possible to reach 2 new panoramic scenic sites, like the one in the picture below:
Percorsi ciclabili





Design Scenarios: the Hybrid Scenario B2
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Design Scenarios: Land Use Map
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Relatore
Note di presentazione
The reforestation produces a change in the land use map, compared to the Baseline Scenario B0, as shown in the Figure. 
The new land use map were used in B1 as one of the input data of the hydrological model for flooding and landslide risk assessment. Moreover, part of the mountain belonging to the study area, was affected by a large fire in August 2017. The B1 re-forestation of large area (56.28 ha) was thus designed, using native trees, as shown in the picture below.




Calculation of Indicators
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Relatore
Note di presentazione
Infinite Slope Model and Hydrological Model
An idealized slope was assumed characterized by one soil layer (Table) where the geotechnical characteristics are an average of those belonging to the Quindici site, with constant thickness of 2.0 m. 
 Geographic Information System (GIS) can analyze the landslide susceptibility over large areas using physical based approaches (Park et al. 2013). 
 For the Baseline Scenario (B0), Landslides Risk Resilience Indicators of Quindici are referred to a characteristic daily rainfall of h=80 mm (the same daily rainfall which caused the catastrophic event on May 1998).
Figure  shows the susceptibility map obtained by using GIS software. 
The adopted physical model results a Factor of Safety Fs ≥ 1 for slope angle β ≤ 33°. 
In order to achieve a Factor of Safety Fs higher than 1, a slope angle β not greater than 33° is allowed. In this case the total potential slope failure area inside the basin was equal to 1.78 km2 , while in the whole  Municipality  was  4.70 km2. Note that this methodology is strongly influenced by the conservative assumption of absence of cohesion corresponding to a return period approximately equal to 500/1000 years. 



Calculation of Indicators
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Calculation of Indicators

Peak Flow
Q[m3/s]

Resilience

land use cover, run-off
coefficient, rainfall
intensity and duration

Length of Main Stream L [km] 5.82
Catchment Area A [km?] 8.30
Elevation of the Catchment Closure Section z, [m a.s.l.] 280
Average Elevation of the Catchment z,, [m a.s.|.] 749
Maximum Elevation of the Catchment z,, [m a.s.l.] 1067
Average Slope of the Catchment s [%] 44.7
Concentration Time of the Catchment using the
. . 1.17
Giandotti’s formula t, [h]
Average Curve Number of the Catchment CN [-] 46.8
Peak Volume [m?3] | 141647 104703 92238
Flooded Area [ha] 75.1 72 71
Universita degli Studi di Napoli Federico Il 16



Relatore
Note di presentazione
The main hydraulic properties of the Quindici (AV) Sub-Basin test case are reported in Table.
For the Baseline Scenario, to calculate both  the Peak Flow Qp and Peak Volume VP the Soil Conservation Service (SCS) procedure was implemented in a hydrologic tool with reference to the following  Mockus unit hydrograph with reference to a Return Period T = 100 years (medium hazard). 
To detect the Flooded Area the FLO2D software was used. A DEM with resolution of 5 m of cell size was taken into account.



|

Calculation of Indicators
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Relatore
Note di presentazione
Finally, the results, in terms of maximum flow depth h, are shown in Figure
Flooded Areas of Quindici (AV) Catchment – Baseline Scenario B0; Return Period T = 100 years (Medium Hazard)




Calculation of Indicators

Potential Population exposed to Risks

Census Tracts
(source: Italian Institute of Statistics

AVAILABLE DATA
Hazard Map (source: Flo2D simulation)

SR

RESULTS

Census Variables (CVs) l p i 4
- Inhabitants GIS tool @ GIS tool @
- Age class structure —>
. Commuters SPATIAL JOIN L SPATIAL QUERY
) s T ! GIS tool
" "B 00
L, - where COUNT
; : 2 » - 8FTV is the average value of the Census N *
f ' Variable of each building falling within the i-th e
7) Census Tract; PO p u I at i on

CTV; is the value if the Census Variable in the i-

th Census Tract;

exposed to Risks

B; is the number of buildings falling within the

/ Lo i-th Census Tract.

Bu“s (source: Campania Region Mép, 2011)

Pl
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caicuiation o1 1naicators

AMBIT | CRITERION | CONCEPT CRIS'TléBRI'ON INDICATOR METRIC | SOURCE P;'CBEAJ‘:;';E SIZZII-EIIB\:\:\IIB%SI; :c"E':m;:g
> Potential
Cl:) Areas
g Social - Exposed to Urban /
o Population| RisksPotential | Residential | Population S 743* 480* 385*
§ Density Population Areas
%) Vulnerable to
e Risks
) = N FTOPUOTation TSoTTITTTO T e T o T o= == =T
Fa) 3 Population
o u% Involved Eqused to Elderly,
> Risks children, nr M/S 421 373 360
[ disabled
. Potential
Poten_tlal . Buildi
*The numbemmﬁmhab@@ﬁigﬁjoas beerccaleulatedrby
I d [ 1] (4]
» 50% of pepdt& i the "dargerols for a few" area;
e Total peopll&"itr7e "dfé?ftq'é?bus for many" prea;
.on | nfrastrictures ds km M/S 8.05 7.29 6.77
» Total peoplleiethe|"dapgearous| for &li*arga. - - -
res Risks
A
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rconomic Analysis

PI-
SUB - SOURC PI-NBSs | PI-Hybrid
AMBIT | CRITERION CONCEPT CRITERION INDICATOR METRIC E BASELINE SCENARIO | SCENARIO
SCENARIO
» = Initial costs min € M/S 0 9.24 7.51
O =
& = Cost-Benefit .
o S i ; Maintenance
3 S Financial Analysis of the costs min € M/S 0 0.74 0.60
> S Assessment .
- 2 Intervention
-
@ E Avoided costs min € M/S 0 15.26 18.32
(%] o
3 | 3
°'-; 3 Landscape
S .
. < Cohere.nce and Appll.catlon of Material and
o S Sustainable Suitable .
= L . techniques used 0/1 LL 0 1 0
2 S Use of Materials and
T S . . coherence
< R Materials and Technologies
= Approaches
Hard drainage 17.5 24200 m? 0.42 8 0.03 0.46
pavements
Vegetated
Timber Cribs 163.7 8019 m 1.31 8 0.10 1.42
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Calculation o1 Indicators

PI-
SUB - PI-NBSs Pl-Hybrid
AMBIT CRITERION CONCEPT CRITERION INDICATOR METRIC SOURCE BASELINE SCENARIO SCENARIO
SCENARIO
New Areas for recreational m? GIS 0 9050 0
use and cultural events
Recreational | Different activities allowed in r S 0 4 0
i new recreational areas ’
Leisure and Opportunity
Quality of life Connection Average distance of natural - Gis 23 195 23
S resources from urban centers ’ ’ ’
Increasing
New pedestrli: and cycling m GIS 0 1350 0
Sustainable patns
> Mobility Sustainable transportation nr S 0 2 0
w modes allowed
o
8 . LOCT'
erception - .
and Sense Identity Tradlt!onal events organized nr. S 0 1 0
in the new areas
of
Belonging
Landscape . .
and Heritage Heritage Herlt.ag.g Natural and cul.tural sites, nr. Site GIS 0 3 0
Accessibility made available
Landscape Scenic sites and Landmark
Safeguard Landscape created nr GIS 0 1 0
and Perception
. reeptl Scenic paths created km GIS 0 4,34 0
Promotion
Local Enh New areas made available for
= Economy nhancem traditional activities
-2 - ent of Local | New Areas for . . ha GIS 0 -7,425 -7,425
< O Reinforcemen . . (agriculture, livestock,
8 2 t includin Socio- Traditional fishi
= 8 tincluaing Economic Resources ishing,....)
b New Job -
0 " Activities Forest area planted km? GIS 0 0,5628 0,5628
pportunities
A
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Scenarios Comparative Analysis and Weighting Procedure

LEVEL | _ _
e Uniform weights
Performance Indicators =3

* Different weights

LEVEL Il
Criteria —_— o Likert Scale—\_>  Neutral Stakeholder
LEVEL Il « Technical Stakeholder
Ambits —_— e Likert Scale4l_> N
* Political Stakeholder
Each standardized performance indicator is properly as:
WPI = | norm * Wp s WA,s ) WC,s
Different weighting options for Ambit and Criterion
AMBIT CRITERION AMBIT + CRITERION

A
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Scenarios Comparative Analysis and weighting rrocedure
OUbpservations

* Analyzing the AMBIT scoring, higher relevance of the Society Ambit was observed for
Neutral and Political Stakeholders, whereas for the Technical Stakeholder, the Risk
Reduction Ambit played a dominant role, except for the CRITERION weighting case;

» The evaluation procedure used is divided into 3 levels. The latter starts from a broader
point of view (the Ambits), and then goes down specifically from the CRITERIA to the
Indicators;

 The standardization makes the instrument applicable to any indicator, whatever its
metric, which can reach a global information, that concerns the entire Design Scenario;

» Each indicator assumes a certain value with respect to the Baseline Scenario: the whole
procedure is based on the comparison of different Design Solutions compared to the
non-intervention case (Scenario B0);

 Different weighting options were examined for Criteria and Ambits to underline how a
solution could be preferable over others, depending on the preferences of the
Stakeholders (Neutral, Technical or Political).

| —POLITICALSTAKEHOLDER |
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Scenarios Comparative Analysis and weignting Frocedure
Ubservations

» The procedure can be simplified by choosing to weight only either the Ambits or
the Criteria or both of them, regardless of the weighing of the indicators. Therefore,
the proposed procedure could be simplified by considering a lower number of
Indicators I;;

» Considering 3 stakeholders with different backgrounds, the participatory process has
been simulated, reproducing the process to be implemented within the Living Labs, in
which each stakeholder pays attention to the objectives he considers most important;

 The weighing of the Ambits and the Criteria is more relevant than that of the
Indicators. Indeed, the weighing of the Indicators, especially for a significant number
of them, appears to affect less the final result;

o It should also be worth noted that in the Long-Term Scenario, the abovementioned
Indicators could be re-calculated and monitored, through direct survey, in order to
check whether the real use corresponds to the purposed one;

* |t should be emphasized that this approach should be considered as a FLEXIBLE and
INNOVATIVE tool, to be customized and tailored for each case study.
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Scenarios Comparative Analysis and Weighting Procedure

AMBIT SCORING SCENARIO B1 vs. B2 AMBIT SCORING SCENARIO B1 vs. B2
AMBIT WEIGHTING CRITERION WEIGHTING
0.500 - — 0.500
0.39 0.39 0.37 0.39 M NBSs
0375 - 0.33 W HYBRID 0.375 - S i HYBRID
0.250 - 0.250 -
0.125 - 0.125 -
0.000 - 0.000
NEUTRAL TECHNICAL POLITICAL NEUTRAL TECHNICAL POLITICAL
STAKEHOLDER STAKEHOLDER  STAKEHOLDER STAKEHOLDER STAKEHOLDER STAKEHOLDER
AMBIT SCORING SCENARIO B1 vs. B2
AMBIT + CRITERION WEIGHTING
0.625
U.>4 o NBSs
A anh
e 0.39 e i HYBRID
0375 - 0.33
0.23

0.250

0.125 -

0.000 -

NEUTRAL TECHNICAL POLITICAL
STAKEHOLDER STAKEHOLDER STAKEHOLDER

The NBSs are among the interventions of Naturalistic Engineering that, on one hand, reduce the
Natural Hazards induced by extreme weather events and, on the other hand, are harmonized with
the natural environment, associating social factors such as human Well-Being, Poverty Reduction

and Socio-Economic Development.
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