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Abstract: In recent years, Cinque Terre National Park, one of the most famous UNESCO sites in
Italy, experienced a significant increase in tourist visits. This unique landscape is the result of
the rough morphology of a small coastal basin with a very steep slope and a long-term human
impact, mainly represented by anthropic terraces. This setting promotes the activation of numerous
geo-hydrological instabilities, primarily related to heavy rainfall events that often affect this area.
Currently, the main challenge for the administrators of Cinque Terre National Park is the correct
maintenance of this environment along with the functional management of the hiking trail to ensure
the safety of tourists. The definition of a methodology for effective management is mandatory for
the sustainable administration of this unique site. We implement a new codified procedure based
on the combined use of the Operative Monography and the Survey Form, focusing on the “Sentiero
Verde-Azzurro” trail, for a proper description of the known landslides affecting the trail and the
identification of damage and/or landslides activated by critical meteorological events. This guarantees
effective geo-hydrological risk management, which is also applicable to other similar sites in a unique
environmental and cultural heritage site such as Cinque Terre Park.

Keywords: geo-hydrological hazard; landslides; terraces; geoheritage; cinque terre national park;
UNESCO; risk management

1. Introduction

Geo-hydrological instabilities, commonly associated with heavy or prolonged rainfall, often cause
damage and casualties throughout the entire Italian territory [1,2]. These processes not only have a
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strong impact on urban areas but also cause severe damage to natural sites such as the Cinque Terre
National Park, which was affected by a severe flood in 2011 [3].

In the international scene, the need for an effective administration through a sustainable
development model of touristic places, featuring a great cultural and geo-heritage interest is increasingly
evident [4-6]. The Cinque Terre National Park, established in 1999, is one of the most famous and
visited parks in Italy. The name Cinque Terre refers to five medieval villages with economies previously
based on agriculture and fishing, and today, these villages mainly depend on tourism. The villages,
namely Monterosso al Mare, Vernazza, Corniglia, Manarola and Riomaggiore, are located along a
jagged rocky coastline approximately 20 km in length in the easternmost sector of the Liguria Region
(north-western Italy).

The Cinque Terre National Park area, covering approximately 38 km?, despite the seaside location,
displays a prevalently hilly mountainous environment with an altitude ranging from sea level to
approximately 800 m a.s.l. This area is characterized by a series of southwest-facing small catchments
with very steep slopes, limiting in some cases narrow coastal plains and often reaching directly to the
shoreline, which is mainly shaped by rocky cliffs. This morphological setting promotes the activation of
diverse geo-hydrological instabilities, especially during flash floods that frequently affect the area [7,8].

In 1997, the Cinque Terre area became a World Heritage Site, described as “a cultural landscape of
great scenic and cultural value, with a layout and disposition of the small towns and the shaping of
the surrounding landscape, overcoming the disadvantages of a steep, uneven terrain, encapsulating
the continuous history of human settlement over the past millennium” [9]. In fact, this unique
coastal landscape exhibits a long-term human land use history, mainly represented by agricultural
terraces. Since 2018, agricultural terraces have been included in the Representative List of Intangible
Cultural Heritage of Humanity [10]. The Cinque Terre landscape is almost completely occupied by
agricultural terraces (approximately 60% of the entire park [11,12]) built since the Middle Ages and
mainly consisting of dry-stone walls supporting a flat portion prevalently cultivated with vineyards
and, to a lesser extent, with olive groves.

Starting from the first half of the last century, a progressive abandonment of agricultural activities,
with a consequent lack of the maintenance of the dry-stone walls, led to widespread land degradation
processes [3,13,14]. The effects of land degradation are forcefully exhibited in the case of heavy
rainfalls and severe storms when shallow landslides and debris flows often occur. The presence
of slope instabilities is a common feature not only of the Cinque Terre area but also of the whole
territory of the Liguria region, where the effects of slope processing, climate changes, infrastructure
and human modification are strictly related [15-23]. Recent studies focused on the Cinque Terre area
noted the relationships between the degree of the abandonment of the terraces and the magnitude of
rainfall-induced shallow landslides [24-28].

The Cinque Terre National Park is crossed by an extensive trail network, including both ridge trails
and coastal hiking trails, walked by hundreds of thousands of tourists every year (e.g., 397,000 people
were counted on the “Sentiero Verde Azzurro” (SVA) during 2016 [29]). Numerous landslides affect
the territory of the Park [8,30,31], among which rainfall-induced landslides are the most widespread.
Rock falls and degradation scarps are widespread along the eastern portion of the coastline, while
large landslides with a complex style of activity are less abundant, e.g., the Guvano landslide, just
below the San Bernardino hamlet, the Macereto area close to Vernazza, and the Rodalabia landslide
located between the hamlets of Corniglia and Volastra [30,32].

In the literature, an in-depth analysis of the Vernazza catchment, the largest coastal basin within the
Cinque Terre National Park, was performed after a flood event occurred on 25 October 2011 [15,24,33].
Starting from the first geographic analysis of the intersection between geo-hydrological phenomena
and the Cinque Terre National Park trails [8], we noticed that a detailed analysis of the actual and
potential impacts of slope instabilities on the trails was still missing.

In the Cinque Terre area, as well as in other tourist sites with strong cultural and natural elements of
attraction, a comprehensive assessment of geo-hydrological instabilities becomes necessary for effective
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risk management to safeguard human life and to preserve these unique landscapes. In this paper,
we present an interdisciplinary methodology based on the combined use of Operative Monographies
(OMs) [34] and “Survey Forms” (SFs) to ensure safety along the most visited trails of the Cinque Terre
National Park and thus reduce landslide risk. OMs are a useful tool for providing an overview of
available data on certain areas or processes along the trails in a standard format that can be repeated
and updated over time, ensuring a comprehensive knowledge of the investigated area. SFs, proposed
by the Geological Risks Study Centre (GRSC) of the Cinque Terre National Park, provide during field
survey campaigns a pre-defined format to identify and detect geo-hydrological instabilities triggered
by severe meteorological events. The combined use of OMs and SFs is the basis of a methodology
developed to define a codified procedure for the management of the Cinque Terre National Park trails
network, which may be potentially affected by the activation/reactivation of slope instabilities in the
cases of intense and/or prolonged rainfall events.

This procedure represents the first attempt at a national scale to define a standard approach that
codifies actions, operators, and responsibilities for better management of the geo-hydrological risk
assessment and the development of mitigation strategies along hiking trails or other human-related
sites that are adaptable elsewhere in other natural and protected environments. The new methodology
has been developed and tested on one of the most heavily visited trails of Cinque Terre: the “Sentiero
Verde-Azzurro” (SVA). This trail connects Monterosso al Mare to Riomaggiore through a landscape
characterized by vineyards, olive groves and woods, almost completely occupied by abandoned
terraces, and along some tracts crossing some of the most relevant and well-known landslides of the
National Park [35,36].

Currently, the SVA trail is developed within a fragile environment that suffers from severe slope
degradation issues coming from widespread landslide phenomena and, in some cases, erosional
processes. The choice of the SVA trail is not fortuitous because this trail every year records a high
number of hikers (approximately 358,000 passages in 2017 and 363,000 in 2018), resulting in the most
visited part of Cinque Terre and one of the most visited sites in Italy.

The main goals of this work are (i) the identification of the possible impact of recognized
geo-hydrological processes on the SVA trail; (ii) the collection of existing bibliographical sources and
the production of OMs; (iii) the development of a procedure for the identification of rainfall-induced
geo-hydrological processes and damage based on the combined use of OMs and SFs; and (iv) the
evaluation of the added value arising from the use of the proposed methodology for more effective
management of the hiking trails.

A correct geo-hydrological risk management in such areas, due to its significant cultural and
geological heritage, together with the high number of tourists and the high human impact, could
represent a great challenge for the National Park authority to enhance a sustainable use of the territory,
as well as being an interesting example for similar sites.

2. Study Area

This work concerns a section of the SVA trail, one of the most frequented and popular hiking
paths of the Cinque Terre National Park. This park represents a renowned cultural and geological
heritage known worldwide and visited by millions of tourists every year. The SVA trail extends for
approximately 11.1 km along the seaside, from the hamlet of Monterosso al Mare to Riomaggiore
(Figure 1), in the eastern Liguria Region of north-western Italy.
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Figure 1. Map of the investigated portion of the “Sentiero Verde-Azzurro” trail (light blue line), located
within the Cinque Terre National Park (teal polygon), Liguria Region, north-western Italy. The entire
path network of the national park is indicated in light brown.

The SVA trail crosses several small coastal basins (Figure 2a), whose areas range from 3.75
to 573.6 hectares, generally impacted by erosional phenomena and characterized by high levels of
geo-hydrological risk. The main geomorphic features of the territory are the closeness to the sea of the
Cinque Terre/Vara valley watershed (highest elevation of 815 m a.s.1., Mt. Malpertuso), and the high
steepness of the southwest-oriented (Figure 2b) slopes facing the Ligurian Sea, ranging from 35° to
more than 45° (Figure 2c). Slopes are mainly covered by thin layers of eluvial-colluvial deposits [37].

From a geological point of view, the most widespread rock types are the Macigno Formation
(upper Oligocene) and the Canetolo Unit, belonging to the Tuscan Nappe and the Sub-Ligurian Domain,
respectively (Figure 2d) [38]. The Macigno Formation crops out along the entire coast and in the internal
portion of the study area and consists mainly of sandstone and claystone flysch. Instead, the Canetolo
Unit crops out in the central portion of the study sector and is represented by the Canetolo shale
and limestone formations (claystone with limestones and silty sandstone turbidites of Paleocene age),
which is associated with the Groppo del Vescovo limestone formation (marly limestone with claystone
interlayers of early-middle Eocene age) and the Ponte Bratica sandstone formation (fine sandstone
turbidites of upper Oligocene age). Localized outcroppings of the Marra Unit (silty marls and siltstones
of the T. Pignone Formation of Oligocene age), part of the Sub-Ligurian Domain, are located in the
middle of the study area.

The tectonic setting is characterized by a wide overturned antiform fold (La Spezia fold)
characterized by southwestern Thyrrenian vergence and a series of main direct faults with the
NW-SE, SW-verging antiform fold and by main NW-SE-oriented faults intersecting with perpendicular,
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NE-SW-oriented strike-slip faults, highly influencing the drainage pattern, as well as the coastline
orientation [39].
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Figure 2. Map of the investigated portion of the “Sentiero Verde-Azzurro” trail (dotted blue line):
a. number of catchments crossed by the trail, associated with the relief terrain map, b. aspect plot,
c. slope bar diagram; d. lithological map, and e. land use map of the area of interest. All the vector
data and the digital terrain model are available and downloadable in the Geoportal of the Liguria
Region [40].

The land use setting of the study area exhibits a distinctive human-modified landscape
characterized by agricultural terraces, mainly for vineyard and olive grove cultivation (Figure 2e).
These land portions bounded by dry-stone walls occupy the majority of the study area, notably the
Vernazza catchment, land of Cinque Terre DOC (a blend of Vermentino, Bosco and Albarola grapes)
and “Sciacchetra” renowned wine production. Despite the wide extension of terraced areas, the
preservation and maintenance of these anthropic features is currently lacking or poor, thus giving a
strong contribution to the onset geomorphological instabilities (e.g., the local collapse of dry-stone
walls and small rotational slides involving the terraces). Additionally, the progressive abandonment of
agricultural activities over the last sixty years enhanced a progressive recolonization by Mediterranean
shrubs, herbaceous vegetation and forest tree species. The degree of dry-stone wall degradation,
strongly related to the abandonment of agricultural practices along the terraces, is strictly correlated
with rainfall-induced shallow landslide occurrence [25].

In addition, such coastal stretching is characterized by widespread rock falls and degradation
scarps along the SVA trail. Some known large dormant or relict landslides cross the trail, such as (i) the
Guvano landslide, a complex slide extended from the San Bernardino hamlet (350 m a.s.l.) to the
seaside and currently monitored by a series of permanent GNSS stations [32,41]; (ii) the Macereto area,
an extended area affected by widespread rock falls, in several sectors stabilized with different slope
protection measures (e.g., rockfall barriers and gabionades) [30]; (iii) the Vernazza rock planar slide,
stabilized with a set of hobnails [30].
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3. Methods

In this paper, a new approach for investigating the instability proneness of the area of interest,
with respect to both natural and anthropic causal factors, is employed. We analysed a stretch of
the SVA trail to provide an effective procedure for managing the geo-hydrological risks along the
trail. Figure 3 shows the overall methodology. Initially, the potential geo-hydrological hazards of the
area of interest were identified, considering both natural and anthropogenic sources. A field survey
was carried out along the SVA trail. Jointly, collection and organization of historical data has been
performed. All obtained data converged in the Operative Monographies (OMs), a recent tool for data
collection based on a standard structure [34]. When adverse weather conditions occur, the procedure
provides for a field survey along the hiking path with the compilation of a predefined Survey Form
(SF). By combining OMs and SFs, a specific procedure adaptable to different possible scenarios was
implemented to ensure useful risk management.

ACTIONS RESULTS

1. HisTORICAL DATA COLLECTION

7
/

2. FIELD SURVEY OPERATIVE MONOGRAPHIES

3. OPERATIVE MONOGRAPHIES
\_ SYNTHESIS

4. CODIFIED SURVEY PROCEDURE

IMPROVEMENT SURVEY FORM

5. PROCEDURE FOR THE
IDENTIFICATION OF CRITICAL
CONDITIONS AFTER HEAVY
METEOROLOGICAL EVENTS

CoDIFIED PROCEDURE FOR
THE IDENTIFICATION AND
MAPPING OF EFFECTS OF
HEAVY RAINFALL EVENTS

Figure 3. Methodology scheme.
3.1. Historical Data Collection

The collection and analysis of previous information available for the most dangerous landslides
observed within the Cinque Terre National Park was carried out. By referring to a previous inventory,
such as the National Landslide Inventory [42] and recent research [8], a landslide inventory of the area
of interest was immediately available. This inventory was then compared with data acquired by a
dedicated field survey. Focusing on the main recognized landslides, we carried out accurate scientific
literature research, analysing all available data and information (e.g., geological and geomorphological
maps and deformation measurements). In recent years, the GRSC of the Cinque Terre National Park
progressively improved its internal archive by collecting previous scientific and technical studies.

3.2. Field Survey

A dedicated field survey was carried out by a group of expert geologists following the SVA path
from Monterosso al Mare to Corniglia. The survey was completed by a detailed inspection of the
studied area by boat. The waterborne survey was useful to acquire a comprehensive view of existing
landslides, which are only partially visible along the trail. Furthermore, exposure to wave erosion
represents one of the factors that can activate or increase slope instabilities. Natural and anthropic
evidence interacting with the trail was inventoried. We considered all the potential geo-hydrological
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hazards noticeable in both the upstream and the downstream sides, including: (i) main landslides;
(ii) rock fall-prone areas; (iii) headward erosion; (iv) degradation scarps; (v) local dry-stone wall
collapses; and (vi) drainage network failures.

Taking advantage of a simple free app for tracking (i.e., “Trimble Outdoor”), we recorded and
collected the points of interest associated with geocoded images taken directly from smartphones.
Eleven critical points were identified, considering not only the main landslides affecting the trail but
also the sectors of potential geo-hydrological hazards arising from the poor management of drainage
networks, slope erosion, and degradation scarps. In addition, the partial or complete interruption of the
path, mainly due to anthropic terrace collapses caused by lack or poor maintenance, was also taken into
account. The acquired data were then quickly managed and organized in Operative Monographies.

3.3. Operative Monographies Synthesis

The Operative Monography is a document developed to provide guidance for the effective
management of information on large and complex landslides [34]. This document is a useful tool
for public security purposes, providing a brief, constantly updated overview of a single hazardous
phenomenon located in a highly vulnerable area. The OM is a standardized and easily readable
document that allows immediate access to historical data related to a specific area or a geo-hydrological
phenomenon. OMs provide codified overviews that highlight key information as well as potential
critical elements emerging from the analyses of the considered phenomena. The structured scheme,
characterized by a standard format, is divided into different sections: (i) general information on the
unstable area, (ii) the analysis and organization of available data, (iii) ground deformation time series
analysis, and (iv) synthesis and possible proposals. The first section reports the basic information on
the considered area or phenomenon (e.g., geographical location, type and state of activity). The second
section contains an in-depth analysis of the existing historical information, focusing mainly on the
geological, structural, geomorphological and hydrogeological aspects. The third section focuses on
the analysis of ground deformation measurements derived from the monitoring network, if existing,
for long-term evolution analysis. The last section provides a brief summary of the available data,
highlighting the potential missing information and criticalities, and jointly providing several technical
suggestions to overcome the identified issue.

This standardized approach ensures that future data will be organized with a consistent approach,
limiting possible mismatch with previous studies. In addition, the standardized structure can be easily
updated over time and, if necessary, modified for the analysis of diverse geo-hydrological processes
and/or unstable areas.

In this work, we customized the OM structure by adding a section dedicated to the assessment
of the degree of interference between the recognized geo-hydrological processes and the SVA trail.
The adopted OM structure is as follows:

i. General information on the unstable area.
ii. Analysis and organization of previous data, divided into sub-sections:
a. Photographic evidence;
b. Geological and geomorphological aspects;
C. Analysis of previous work.
iii. Analysis of potential interference between geo-hydrological processes and the SVA trail.
iv. Monitoring system analysis.
V. Summary and final proposal.

In this way, the revision of the OMs integrates the available material from the historical data
collection with field survey observations. The OM facilitates the characterization of the SVA trail
through the assessment of the geo-hydrological risks along the entire path and the definition of
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the state of knowledge of each recognized hazard. This document also represents a useful tool
during emergencies when quick and effective access to the available historical data is fundamental for
geo-hydrological risk management.

3.4. Codified Survey Procedure Improvement

The occurrence of numerous floods during the recent decades highlighted how disruptive these
events could be, particularly for environmental and cultural heritage [43]. In the study area, one of the
most recent and severe floods occurred on 25 October 2011 in response to extreme rainfall [3,27]. In the
Mediterranean area, this event represents one of the most severe rainstorms in recent years, in terms of
both rainfall intensities and cumulative rain quantities [44—47]. This rainstorm was responsible for
intense erosive processes and triggered numerous shallow landslides that increased the sediment yield
and the power of flow along streams, leading to severe flash floods of the hamlets of Monterosso al
Mare [27] and Vernazza [3]. The amount of economic and structural damage was relevant both for
villages and people. Moreover, many terraces were disrupted, and some stretches of the hiking trail
were affected by landslides, causing the closure of part of the trail network. After such a disastrous
event, according to the land management strategies adopted by some local municipalities, numerous
remedial works were planned to stabilize the most unstable slopes and the most problematic stream
segments [33,48]. On slopes, several types of solutions have been adopted to reduce rain-wash effects
and to consolidate the areas affected by shallow landslides. Moreover, reinforcements of dry-stone
walls were also performed. On the other hand, along streams, most of the interventions were carried
out with the aim of improving flows and restoring the former flow sections. Geo-hydrological risk
mitigation measures allowed the restoration of hiking paths and related facilities to give tourists the
opportunity to visit this beautiful and unique environment. In recent years, the GRSC has promoted
multidisciplinary studies and activities aimed at examining the state of the conservation, efficiency and
damage of both geo-hydrological risk mitigation measures and hiking paths after the occurrence of
severe rainstorms. A survey form (SF) has been implemented to properly support the work of surveyors
after severe hydro-meteorological events. The adopted SF allows an effective and fast inventory of
damage and rainfall-induced hydro-geomorphological effects along the hiking trail. This procedure
is expected to provide a useful contribution in terms of civil protection measures by decreasing the
exposure of trail users to geo-hydrological risk.

3.5. Procedure for the Identification of Critical Conditions after Heavy Meteorological Events

In areas with a very high number of tourists, such as the Cinque Terre National Park, when
particularly adverse weather conditions occur, it becomes necessary to verify the accessibility of the
path network. In addition, the identification of any critical issue along the trails requires the planning
and execution of remedial activities that can provide adequate safety conditions.

Commonly, after heavy rainfall occurs, e.g., 25 October 2011, the closure of the entire path network
becomes necessary. At this stage, survey operations are carried out by the so-called “Presidianti”,
i.e., adequately trained and skilled geologists, entrusted with the identification of the occurrence
of geo-hydrological processes and damage. “Presidianti” are also trained in the use of OMs that
provide a ready-to-use document able to supply a reasoned summary of the overall framework of
this peculiar territory, focusing on the main geo-hydrological hazards and criticalities already present
(and known) along the trail path. The identification of something that could hamper the reopening of
the trail is supported by the use of SFs, which support the “Presidianti” in the data collection, using a
homogeneous approach. Starting from the development of the procedure, we also defined several
possible scenarios and the sequence of activities to be carried out before the reopening of the trail.
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4. Results

4.1. Operative Monographies

Based on the historical data collection and field survey observations along the analysed SVA
trail, eleven Operative Monographies have been compiled. These documents focus on the diverse
critical issues recognized along the path related to geo-hydrological instabilities and their impact
on the SVA trail (Table 1). Moreover, to obtain a comprehensive view of this peculiar landscape, all
potential punctual criticalities along the track have also been considered. Therefore, local dry-stone
wall collapses threatening path safety were also included (Figure 4d).

Moving on from Corniglia to Vernazza, the main landslides that intersect the SVA trail are: (i) the
Guvano landslide, (ii) the Macereto area, and (iii) the Vernazza rockslide. The Guvano landslide is a
complex landslide extending from San Bernardino hamlet (approximately 350 m a.s.l.) to the seaside
(Figure 4a). The source area evolves into rock falls and topples, threatening the main road positioned
just above the SVA track. This complex landslide then evolved into an earth flow, generating a large
accumulation whose toe is exposed to the erosional activity of the sea waves and that in the past was
stabilized by different protection measures. This landslide is monitored by a permanent network of
GNSS stations and instrumented with five inclinometers derived from a past geotechnical investigation
performed in 2003-2004 [32,41].

Table 1. Geo-hydrological instabilities and critical issues analysed in the OMs and their locations with
respect to the “Sentiero Verde-Azzurro” trail.

OM title

GPS location

Critical issues

Location with Respect to the
Sentiero Verde-Azzurro Trail

Costa Lunga
Guvano Beach
Guvano Landslide

Massolina

Prevo
Macereto
Gerai
Vernazza
Costa Messopano
Valle Crovarla
Scoglio del Frate

44.12422-9.70790
44.12506-9.70590
44.12943-9.69940

44.128838-9.701558

44.12943-9.69940
44.13087-9.69266
44.13244-9.68971
44.133636-9.68971
44.14008-9.67714
44.140286-9.676803
44.14054-9.67513

Runoff
Degradation scarp

Active Complex Landslide
Engraved channel associated

with debris cone
Degradation scarp

Widespread rock fall area

Engraved channel
Rockslide
Rock falls

Dry-stone wall collapse

Degradation scarp

Upstream and Downstream
Downstream
Upstream and Downstream

Downstream

Downstream
Upstream and Downstream
Upstream and Downstream
Upstream and Downstream

Upstream
Upstream
Downstream
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Figure 4. Main landslides and critical issues recognized along the “Sentiero Verde-Azzurro” trail:
(a) Guvano landslide; (b) Macereto area; (c) rock sea cliff equipped with falling rock protections,
Crovarla Valley; (d) local dry-stone wall collapse along the path; (e) visible dry-stone wall deformation
along the SVA trail between Vernazza and Corniglia; (f) degradation scarp in correspondence of the
Guvano beach, close to Corniglia; (g) rockslide close to Vernazza; and (h) local rock falls corresponding

to the bedrock outcropping along the “Sentiero Verde-Azzurro” trail. White arrows indicate the
path location.
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The Macereto area corresponds to a wide slope sector with widespread rock falls and other
geo-hydrological instabilities, mainly due to drainage network failure (Figure 4b). Almost the entire
area is equipped with massive rock fall defences and barriers along the path. In the western portion,
defined as the “Gerai area”, an important engraved channel threatens the dry-stone wall built upstream
of the trail to protect it (Figure 4e). The Vernazza rockslide took place in the upstream portion of the
trail, actually equipped by rivets, while the landslide body, made up of large rock blocks, extends up to
the shoreline (Figure 4g). Numerous rock falls, degradation scarps and engraved channels associated
with debris cones are observed along the entire path, both in the upstream and downstream sectors
(Figure 4¢,h). The impressive degradation scarps, which are mainly located just downstream of the
trail and threaten the road, correspond to the “Prevo area”, a small hamlet between Corniglia and
Vernazza, defined as the “Massolina area” on the right side of the Guvano landslide, as well as in
correspondence of the Guvano beach area (Figure 4f).

OMs allow a rapid evaluation of the state-of-the-art by providing an overall picture of the
geological-geomorphological setting of the study area, identifying the main geo-hydrological
instabilities and critical issues that can threaten the trail network.

For each document, a brief form has been reported to identify a distinct phenomenon or critical
issue, indicating the general information about the geographic location, type of phenomenon, and
state of activity. Then, an analysis of previous data, including scientific papers, technical reports and
eventual map annexes, has been carried out, dividing the collected information into three sub-sections:
i. photographic evidence, ii. geological and geomorphological settings and iii. available data
analysis. Significant importance has been given to the degree of interference between the recognized
geo-hydrological instabilities and the SVA trail. By reference to the eleven critical issues recognized
and analysed in the OMs, the SVA trail has been divided on the basis of the degree of potential risk,

considering high, medium and low interferences between the geo-hydrological instability and the path
(Figure 5).
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Figure 5. Sketch of the “Sentiero Verde-Azzurro” trail profile characterized on the basis of the degree
of hazard with respect to the recognized geo-hydrological instabilities described in the OMs: high
interference in red, medium degree in orange, and low degree in yellow.

OMs have been developed to support “Presidianti” in the recognition of new phenomena and
in the identification of possible changes in known phenomena, giving a full description of what we
already know. A brief summary, as comprehensive as possible, of the available data is provided.
In association, technical and remedial solutions aimed at effective risk management can be proposed.
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4.2. Survey Form

The survey sheet has been developed to be used by geologists hired by the National Park in the
case of some slope instabilities affecting a trail, or when a severe weather alert leads the Park authority
to close the trail network. Under these circumstances, such geologists are in charge of performing a
detailed Cinque Terre trail survey to identify potentially dangerous situations or ground effects that
could hamper the reopening of the trail.

The survey sheet is composed of two main sections: i. general overview and ii. geo-hydrological
phenomena and/or other detected evidence. The first section (Figure 6a) principally includes geographic
information, useful for the localization of the documented phenomenon, completed with eventual
photos, geological and geomorphological sketch and other eventual annexes. The second section
focuses on damages and the occurred process (Figure 6b,c), including: i. damage or processes related to
water runoff; ii. damage or processes related to slope instabilities; iii. damage or processes occurring to
roads, trail sectors and other infrastructure; iv. eventual problem and description of damage occurring
to the National Park signposting; and v. other potential problems. Every recognized phenomenon or
damage is scheduled, reporting a brief description, the date of the event (if known), and the hour.

a SURVEY FORM for the ASSESSMENT of the PRACTICABILITY STATE OF
THE TRAIL NETWORK
CINQUE TERRE NATIONAL PARK GEO-HYDROLOGICAL PHENOMENA andior OTHER EVIDENCES DETECTED

1)- i o towaterflow and unoffissues -

Date: Formn. Desaiption:

Operator

GEOGRAPHIC INFORMATION

MunicipalitylLocalitylPath:

GPS Geographical coordinates (datum WGSS4):

latitude: longitude: altudemasl.:
Timing of the cccumed event (if know) Date: Hour:

jical i e o slopei orler osire
geo- T

Desaription:
Timing of the occumed event (ifknow) Date: Hour.
3)~ Practicabilty issues due o i tothe i - traits overun by -
vegetation, presence of Unstable or faken trees)
Desaripton:

4)—Practicebilty issues due o the path structure or olherwise due tolocalinstabilies cose b the path []
(e disconnected traits, demaged or absent sainways, rock outaropping, dry-stone walks or unszble or
)

1and dowr r

Desaription typology of the observed and the esfimeted dimensions of the
ir planning pUPoses of orks}.
Timing of the cecurmed evert (fknow) Date: Hour:
¢ -lssumdeb i damage of the retaini -
i fences, stais, bridges)
Desaripton:

6)Issues due 1o degradation and damage of e sign or e possibke absence fthis
Desaipton:

7)—Other issues or nofifications: r
Desaipton

Figure 6. Survey sheet structure: (a) general overview section, (b,c) geo-hydrological phenomena
and/or detected evidence section.
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4.3. Codified Procedure for the Identification and Mapping of the Effects of Heavy Rainfall Events

Starting from the experience of past events (e.g., 25 October 2011), when adverse weather
conditions obliged the closure of the Cinque Terre National Park trails, we designed a procedure aimed
at the identification of possible effects that can reduce the safety of trails.

Through the establishment of a repeatable and effective protocol aimed at a “multi-user”
exploitation during the occurrence of an emergency, this procedure addresses the needs of the
Cinque Terre National Park for useful geo-hydrological risk management.

Figure 7 shows the structure of the proposed codified procedure. The weather alert follows
the meteorological and hydrological forecasting and warning procedures adopted by the Liguria
Region [49], based on the 27 February 2004 Directive of the Italian President of the Council of Ministers
of “Guidelines for the organizational and functional management of national and regional warning
system for hydraulic and geo-hydrological risks for Civil Protection purposes”. At the regional scale,
five alert zones defined on the basis of physiographic aspects, both topological (i.e., catchment extent)
and meteorological criteria were established by the Italian National Civil Protection Department with
respect to the level of hazard in terms of floods and landslides. A total of four alert levels have been
defined, following a “traffic-light” code. In a meteorological and hydrological “state of alert” when
“orange” or “red” alert levels are being issued, the SVA path closure is planned.

CODIFIED PROCEDURE

WEATHER WARNING

v

CLOSURE OF CINQUE TERRE PATHS

v

PLANNING AND EXECUTION
OF FIELD SURVEYS

'

SEARCH FOR EFFECTS
AND DAMAGE

v

SURVEY FORM COMPILATION SCENARIO 1
EXECUTION OF INVESTIGATIONS

EXECUTION OF REMEDIAL WORKs | OCENARIO?2

RE-OPENING OF CINQUE TERRE PATHS | CENARIO 3

Figure 7. Codified procedure proposed for the Cinque Terre National Park administration after a
weather warning occurrence.

In the path network closure and activation of the “Presidianti” phase, geologists selected within
the National Association of Geologists and coming from diverse regions of Italy are designated by
the Cinque Terre Park authority to carry out field surveys along the entire SVA trail. Beforehand, the
selected “Presidianti” are adequately trained with dedicated formation courses aimed at providing
an overall geological and geomorphological knowledge of this characteristic landscape. It should be
noted that in this phase, OMs supply the “Presidianti” with a global interpretation and explanation of
the state of the art about the geo-hydrological hazards previously recognized along the path.

In the possible effects and damage identification by the “Presidianti” phase, the “Presidianti” carry
out the dedicated field survey along the path to identify all the new and/or reactivated geo-hydrological
instabilities that occurred after a relevant meteorological event. In the Survey Form compilation process
and communication by the “Presidianti” to the Cinque Terre Park phase, SFs supply a pre-defined form
to collect and inventory all information on geo-hydrological hazards threatening the path through the
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compilation of a series of alphanumeric fields. After, the field surveys and SF drafting, the “Presidianti”
transmit these documents to the Cinque Terre Park authority.

At the final step of our procedure, i.e., possible remediation activities coordinated by Cinque
Terre Park and re-opening of the Network path, specific and dedicated interventions along the trail
are predisposed by the Park authority, assisted by external consultants, if necessary, aimed at the
re-opening of the path to tourists.

Starting from the path closure up to the SF compilation and transmission to the Park authority,
three possible scenarios may occur, on the basis of the level of damage and effects that occurred after
the weather alert. Figure 7 shows the first scenario, which arises when no damage or effects occur.
After the “Presidianti” involvement by the Park authority, the field survey supported by the OMs is
planned. Scenario 1 (Figure 8) is applied when no difference with respect to the previous setting takes
place, and any new or reactivated geo-hydrological instabilities occur. In this scenario, the “Presidianti”
state the absence of critical issues to the Cinque Terre Park administrators, hence the absence of SF
drafting, by concluding their survey.

ACTIVATION OF “PRESIDIANTI”

I

FIELD SURVEYS SUPPERTED BY
OPERATIVE MONOGRAPHIES

I

SEARCH FOR EFFECTS
AND DAMAGE

IS THERE
DAMAGE?

v

OPERNING OF THE TRAIL
WITOUT PERFORMING ACTION

SCENARIO 1
1S THE
DAMAGE No
RELEVANT? v
COMPILATION OF SURVEY
FORMS
COMPILATION OF SURVEY v
FORMS EXECUTION OF
I REMEDIAL WORKS
EXECUTION OF SPECIFIC SCENARIO 2
INVESTIGATIONS
!
EXECUTION OF
REMEDIAL WORKS
UPDATING OF THE OPERATIVE
MONOGRAPHIES
SCENARIO 3

Figure 8. Structure of the codified procedure for different Scenarios.
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Scenario 2 (Figure 8) is planned in cases of limited damage, and effects are observed during field
surveys. For instance, a minor damage condition can be represented, for example, by trees falling down
or by small stones located along the path (Figure 9a—c). In those cases, an SF is filled in for each critical
issue observed. Subsequently, all the compiled SFs are transferred to the Cinque Terre Park authority
and commensurate remedial works are planned and executed before the reopening of the trail.

Figure 9. Examples of damage and/or rainfall-induced effects recorded using survey forms after a
weather alert: (a) trees fall down; (b,c) small dry-stone wall collapses; and (d) dry-stone wall failure
causing a local path interruption.

Scenario 3 (Figure 8) considers the possibility that the meteorological event could cause relevant
damage. Rainfall-induced landslides, runoff and erosion processes are the most common effects that
could occur. In this case, the “Presidiante” fills in an SF for each geo-hydrological instability identified,
considering both first activated or re-activated instabilities, that partially or totally involve the surface
path. A focus has also been dedicated to local damage to the dry-stone walls that could collapse
involving the path surface (Figure 9d). Even in this case, the first identification of the critical condition
is based on the completion of the SFs and a consequent report to the Cinque Terre Park authority that
will activate the procedure for the implementation of remedial works. It should be noted that if the
geo-hydrological phenomenon, already described in the OM in this area, is reactivated during the most
recent meteorological event, at the end of the procedure, the update of the dedicated OM is mandatory
to guarantee a correct description of known geo-hydrological instabilities. Moreover, if a new and
relevant geo-hydrological phenomenon has been identified during the dedicated field survey, a new
OM can be drafted to constantly update a standardized document and the overall state-of-the art of
the study area.

5. Discussion and Conclusions

The increased awareness of local and national administrators in preventing damage to geological
and cultural heritage is constantly growing. Planning for the assessment of both pre-existing and
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future effects of geo-hydrological instabilities becomes an essential aspect for managing popular tourist
landscapes and therefore, limiting further degradation, ensuring long-term sustainability, and assuring
the safety of conditions along trails.

The sites of geological and cultural interest, in both nature conservation and tourist sectors,
are often threatened by geo-hydrological hazards, which could put the accessibility of the heritage
sites themselves in danger [50]. Similarly, the local agricultural policies on the rural landscape, with
consequent abandonment in farming, may lead to an increase in slope instabilities [51-55]. Some efforts
have been made to highlight that the knowledge of past and current geological and geomorphological
processes can help to increase the awareness and perception of geo-hydrological risks [43,56-58].
In Italy, slope instabilities threaten 25% of the UNESCO sites, flooding threatens 54% of the sites and
earthquakes threaten 82% [59].

A proper assessment of the potential geo-hydrological hazards and possible damage to geological
and cultural heritage sites is the key element for effective risk management and prevention. In fact, the
availability of specific procedures able to provide management strategies to preserve these unique
landscapes and based on the interoperability of geoscientists, practitioners and cultural heritage
managers are limited or missing.

In this work, we proposed a new codified procedure for the management of the “Sentiero
Verde-Azzurro” trail, one of the main popular paths of the Cinque Terre National Park. This UNESCO
site is historically closely linked to the anthropic modification of the environment, mainly represented
by agricultural terraces bounded by dry-stone walls. Agricultural terraces record at least one thousand
years of human fingerprint necessary to modify and adapt a natural and tough environment for
cultivation purposes. This unique site, visited by people from all over the world, shows a complex
equilibrium between the geomorphological environment fully integrated with human interventions,
and the usability of the path network by hundreds of thousands of tourists every year. The combination
of gravity and runoff processes, characterizing the steep slopes of the terraced coastal basins, coupled
with marine erosion along the coastline, promotes the occurrence of geo-hydrological instabilities,
especially in the case of heavy rainfall events. In addition, the effects of such geohazards are favoured
by the extensive abandonment of the agricultural terraces.

A procedure aimed at addressing the needs of the Cinque Terre National Park for useful
geo-hydrological risk management was implemented. The main goal was to establish a repeatable
and effective procedure to be applied after relevant meteorological events affecting the Park territory.
This requirement was born from previous experiences [34] in which we realized that the lack of a
standard way to collect and organize data and information about geo-hydrological phenomena and
related damage could be a crucial problem in landslide risk assessment and management. For several
years, the use of defined methodologies and specific protocols has been considered quite usual and
well-established in some specific fields for emergency management [60,61]. For example, for the
International Civil Aviation Organization (ICAO), in the medical framework or in industrial risk
management, the adoption of standard protocols is mandatory to define the specific actions that
competent institutions and stakeholders should execute. This led us to find a proper solution in
geo-hydrological risk management in this unique landscape through the definition of a predefined
protocol to adopt in the case of severe meteorological events. However, it is important to note that,
with respect to, for example, an industrial accident, in the case of geo-hydrological risk, this codification
is difficult to achieve due to the high variability in data and involved entities. Diverse scenarios
could take place, mainly on the basis of typology and the characteristics of the occurred phenomena
and related damage. This large range of possibilities overcomplicates the drafting of the procedure.
Therefore, we defined a methodology that is based on two instruments (the OMs and the SFs) and on
the definition of three possible scenarios.

Based on the available information and experiences gained during previous adverse meteorological
events, a codified methodology was proposed. The foreground has been primarily acquired by
investigating the effects of severe floods in recent years in the Liguria Region, among which is the flood
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of 2011 [3,21,24], and considering other events such as those in November 2014 [17,21], and November
2016 [22]. This procedure is aimed at developing an approach that is standardized as much as possible
for field survey operations to be carried out after relevant rainstorms and is useful for “multi-user”
exploitation during the occurrence of emergencies.

The importance of the correct management of the impact of slope instabilities on Cinque Terre
trails is particularly evident in Raso et al. [8], who made an inventory of landslides that have an
interaction with trails. Starting from this published inventory, it is possible to identify that 66 landslides
have a direct impact on the trails. In particular, from the methodological point of view, we focused on a
stretch of the SVA trail (1.1 km on a total length of the 149 km trail network in the entire park) that is the
most visited path by tourists and one of the most affected by slope instabilities of different typologies.

The overall geo-hydrological instabilities interacting with the SVA trail have been identified and
analysed using OMs. This standardized procedure represents a useful tool for obtaining a focus on
the main geo-hydrological instabilities affecting the area of interest and their degree of impact on the
usability of the path. The OMs also constitute a useful tool for the “Presidianti”, the first actors in the
implemented procedure activated upon the occurrence of severe meteorological events. It should be
noted that these expert geologists are selected at a national level and potentially do not have a specific
awareness of the investigated area of interest, which can be filled using the OMs.

The combined use of OMs and SFs by the “Presidianti” guarantees constant updating on the
potential interferences between the identified geo-hydrological instabilities and the SVA trail. Moreover,
the SF data structure has been implemented to allow a simple and functional construction composed
of cartographic information and alphanumeric fields so that it can be easily converted into a digital
data management system for completion. In this context, the proposed methodology represents, from
now, an easy instrument to make comparative analysis over the time of all the produced documents
by any “Presidiante”, thanks to their standard structure, and make an overall evaluation of the
geo-hydrological phenomena effects on the Cinque Terre National Park.

The codified process may constitute the basis for an extended analysis of the interaction between
landslides and the entire hiking network of the National Park. Therefore, the standardised procedure
should provide a practical response to the needs for the National Park authority to enhance a sustainable
administration of the territory and schedule the appropriate management measures, to guarantee
the safeguard of both heritage and tourists safety from geo-hydrological risks. Our strategy allows
the effective management of geo-hydrological risks in a highly geological and cultural heritage site,
where the high influx of tourists and human pressure require a well-defined procedure, especially with
the occurrence of weather alerts. The implemented methodology constitutes a useful approach for a
sustainable use of the territory, which is also applicable in similar UNESCO sites.
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