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Abstract. The conventional approach that often dominated spatial planning has
prioritized urban expansion and new urban transport infrastructure without fully
considering environmental aspects. While this has generated new urban mod-
els and economies, it has also significantly impacted the territory and landscape
negatively. The construction of road infrastructure can improve the sustainabil-
ity of a city from the point of view of connectivity between places. However, it
also generates a disruption of the landscape with a consequent loss of ecosys-
tem services. The case study concerns the evaluation of the preferable alternative,
between two proposals, for the construction of a new road called the Teramo-Mare,
connecting the Abruzzo hinterland with the Adriatic coast. The methodological
approach investigates the scientific background in landscape assessment related to
the construction of road infrastructures. By modelling the Multi-Criteria Decision
Analysis (MCDA) with Fuzzy set theory and the Fuzzy Analytic Hierarchy Pro-
cess (F-AHP) an evaluation method is tested to face the choice of the preferable
alternative. The study provides an initial review of the scientific reference land-
scape and identifying criteria to help evaluate the option that has the least impact
on the landscape and ecological system.

Keywords: Spatial indicators · Sustainability indicators · GIS-based evaluation
method · Spatial road analysis · Landscape impacts

1 Introduction

The Council of Europe Landscape Convention - as amended by the 2016 Protocol -
provided a landscape’s definition referred to as: “an area, as perceived by people, whose
character is the result of the action and interaction of natural and/or human factors”.
Furthermore, it emphasized that the planning activities must include forward-looking
strategies to restore or create new landscapes in a sustainability pathway [1].

The Convention has highlighted the landscape’s character as a whole of material
and immaterial factors which are strictly interrelated, dynamic, and variable, and whose
understanding hybrid and integrated assessment methods are needed [2].

In this perspective, the Landscape Character Assessment (LCA) [3] (https://www.
nature.scot/) attempted to provide stakeholders, practitioners, and academics with guide-
lines and tools to cope with the complexity, recognizing that each landscape is unique,
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and the landscape pattern variation can be detected and spatially represented and
assessed [4].

The conventional approach dominating spatial planning has focused on the urban
sprawl and the construction of newurban transport infrastructures for a long time,without
fully including environmental aspects [5].

Geographical criteria generally considered in road alignment problems exclude the
broadest landscape components prioritizing technical factors to the detriment of ecolog-
ical, social, and aesthetic dimensions [6]. While this has generated new urban patterns
and economies, it has also significantly impacted the territory and landscape [6]. On
the one hand, new road infrastructures boost cities’ sustainability regarding connectivity
between places. On the other hand, roads generate a landscape break with a consequent
loss of ecosystem services [7].

In England, the LCA methodology and its procedures have been matching up for
several years with local authority plans and strategies, land use planning and land man-
agement, or other assessment tools, e.g., Strategic Environmental Assessment (SEA)
and Environmental Impact Assessment (EIA) [3].

The primary LCA potential is inherent in providing evidence at an in-depth scale to
inform decisions better using georeferenced data and mapping with a holistic approach.
Moreover, its integration with GIS-based analysis is overwhelming when decisional
agents examine maps before eliciting their preferences [8].

Visual maps or spatial indicators enhance the knowledge of complex phenomena
linked to the landscape’s characters. Indeed, the decision-making benefits from the spa-
tial representation making geomorphological criteria, physical landscape characters,
immaterial components, and constraints more explicit.

Significant limitations can refer to data availability and detection, which are time-
consuming, expensive, and hard-to-build. In addition, including the broad scale in the
evaluation - bymodelling choice problems in aGIS environment - can incur extreme gen-
eralization of the landscape’s features. Furthermore, site-specific surveys and epistemic
knowledge can balance this problem [9].

The twofold research’s purpose addressed to:

• Test a valuation procedure that includes uncertainty related to multiple experts’
judgement into a spatial decision-making framework throughMulti-Criteria Decision
Analysis (MCDA).

• Experiment with an easy consulting questionnaire [10] to gather experts’ relative
preferences and derive a consistent judgment matrix with F-AHP.

The ambition is to expand the obtained valuation model from a discrete problem
(MADM) to an ongoing problem (MODM) in a GIS environment.

The case study to test the proposed methodology is related to four Municipalities
in Abruzzo (Italy) to construct new road alignments boosting connectivity among inner
areas and the coastal zones.
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2 The Scientific Landscape

For the last thirty years, the authors have aimed to find relationships between road
infrastructure planning and landscape in the scientific literature. Connecting terms were
searched in the scientific database SCOPUS using logical operators AND/OR with
the following string: (“landscape” OR “landscapes”) AND (“roads” OR “road” OR
“highway” OR “road alignment” OR “highway alignment”) AND (“valuation” OR
“evaluation” OR “assessment”) AND (“urban planning”).

Four clustersmade by themost recurring terms emergedwithin the thematic literature
through the scientific landscape method [11].

Fig. 1. The scientific landscape. Source: Authors’ elaboration

These clusters refer to:

1) Urban planning;
2) Sustainable development;
3) Land use;
4) Ecosystem and fragmentation.

It has noticed the centrality of urban planning studies fostering cross-cutting issues
and the multidisciplinary (Fig. 1).
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Indeed, some authors remarked that the leading cause of land use and land cover
change is urbanization [12, 13]. However, it is unrealistic to monitor and analyze
urbanization’s ecological and socio-economic effects [14], without a comprehensive
understanding of how the city is changing.

A road has other lesser-known consequences on ecosystems, and more crucially,
on the countryside dynamics of those places that it crosses, not just the acknowledged
effects of transport like pollution, noise. In a relatively short period, these disturbances
might lead to significant changes [15].

Numerous studies have addressed to understand the relationship between transporta-
tion and land use. The building of new transportation infrastructure would inevitably
affect landdevelopment.Highways have essential social and economic purposes, but they
facilitate ecosystem disruption through fragmentation, noise pollution, habitat loss, and
species extinction through landscape segmentation and edge effects [16–21]. Because
of the vast current and proposed road networks [22–24], it is more important than ever to
consider the spatial and temporal distribution of these environmental impacts generated
by highways [25].

About any expenditure on the road has benefited the national economy. However,
this economic viewpoint is insufficient for examining all a transportation infrastructure’s
spatial impact, especially those linked to the transition it has wrought on the landscape
over time. There is an inherent interplay between urban space and human-made devel-
opment, such as unregulated urban sprawl and the proliferation of infrastructure. These
elements must be understood from an environmental, economic, and social standpoint
[26]. Several surveys have been addressed to determine the effects of highway build-
ing on the atmosphere and landscape, and social life. About any expenditure on the
road has benefited the national economy. However, this economic viewpoint is insuffi-
cient for examining all a transportation infrastructure’s spatial impact, especially those
linked to the transition it has wrought on the landscape over time. The issues related
to the “Ecosystem and fragmentation” cluster highlighted that the highway building
has a much-varied landscape and ecological consequences [16, 20, 27] inadequately
quantified and recognized [28]. For example, the influence distance or path-effect zone
- the distance outward from a road where significant ecological effects occur [16] - is
commonly used to measure road building and usage [27, 29, 30].

3 Materials and Methods

The research’s purpose was to test a methodology for solving a choice problem linked to
new road alignments in the Abruzzo region (Italy). Two alternatives were assessed con-
cerning six geographical criteria: Naturality, Fragmentation, Urban density, Historicity,
Proximity to urban areas, and Accessibility.

The goal concerns a discrete problem to be solved with Multi-Attribute Decision
Making since environmental, socio-cultural, and technical performances related to two
proposed road alignments have to be assessed by an experts group. Therefore, a three-
step methodology has been structured to achieve a ranking for supporting the best-fit
alternative choice (Fig. 2).

The first step is inherent to the knowledge and criteria related to the alternatives’
features were set. The second step concerns the MCDA modelling with the Fuzzy set
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Fig. 2. Amethodologicalworkflow formanaging a choice problem linked to new road alignments.
Source: Authors’ elaboration.

theory and the FuzzyAnalyticHierarchy Process (F-AHP). Finally, the last step is related
to the outcome that has determined the weight vectors for each hierarchy level and the
final ranking of the alternatives.

3.1 The Case Study

The study area is in the northern ofAbruzzo (Italy), east of theTeramocity, connecting the
S.S. 80with theS.S.16.Themunicipalities ofNotaresco,Roseto degliAbruzzi,Mosciano
Sant’Angelo, and Giulianova are involved in the building of the new highway, which
aims to enhance connectivity between theGiulianova coast served byS.S. 16 “Adriatica”,
the Teramo region served by S.S. 80 “Raccordo di Teramo” and the major established
infrastructures (A14 highway - Mosciano Sant’Angelo junction, Teramo-Giulianova
railway line, Mosciano station) (Fig. 3).

Fig. 3. The case study’s geographical frame. In order: Italy; Abruzzo Region, the municipalies
of Giulianova, Mosciano Sant’Angelo, Roseto degli Abruzzi, Notaresco; the case study: two
hightways alternatives. Source: Authors’ Elaboration
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In the area of interest are located the main strategic roads:

• The SS. 80 “del Gran Sasso di Italia” that connects Teramo to Giulianova;
• The S.S. 80 Raccordo di Teramo connects the A24 and the A14 near the junction of
Mosciano Sant’Angelo.

• The railway line Teramo-Giulianova connects to the Adriatic railway ridge.

These conditions have favoured the development of productive settlements. In this
area, the Apennine chain reaches its maximum proximity to the Adriatic Sea.

The narrow alluvial plain characterizes the area at the bottom of the “Tordino” River
valley, one of the five watercourses of piedmont origin that flow entirely within the
administrative boundaries of Teramo’s province. The project explicitly concerns the
valley’s final stretch fromMosciano S. Angelo (about 7 km from the mouth) to Cologna
Marina (about 800 m from the mouth).

The fundamental data needed to frame and describe the intervention area’s environ-
mental, socio-cultural, and technical aspects were assumed from the most widely used
urban and territorial planning tools, the ISTAT censuses, open regional and satellite data
series (Copernicus).

The new road represents an alternative to the historical S.S. 80 of “Gran Sasso
d’Italia”, which has taken on the characteristics of a “local” road system serving the
production and residential areas. The latter has led to a decline in the level of service
typical of a secondary suburban road system due to the widespread presence of accesses,
junctions, and traffic lights, which significantly reduce the level of service to users in
terms of journey times and road safety.

The construction of the new Teramo - Mare section aimed to decongest the area
of interest, linking them to the flourishing settlements in the “Colleranesco” area and
the neighbouring regions, which are already putting a strain on the well-established
S.S. 80 infrastructure, which no longer meets the efficiency criteria for current vehicle
flows. Furthermore, there is a need to connect the inland areas with the areas along
the coast. The inland areas are widespread economic obsolescence due to their location
(poor accessibility that makes themmarginal) and the prevalence of backward economic
sectors compared to modern ones. In these terms, the economy is not self-propelling but
in need of exogenous support [31–33].

3.2 Knowledge Phase

The knowledge phase has allowed the study area knowledge to be performed by defining
natural, cultural, and technical criteria. Thus, the elaboration of spatial criteria maps has
favoured consulting with stakeholders. The LCA [3] defined these criteria were imple-
mented by technical criteria selected through interviews with ten experts and linked
mainly to transport engineering. The interviewed experts are a project manager, a safety
engineer, three construction engineers, two architects, an urban planner, a system engi-
neer, and a professor of environmental appraisal. The spatial representation of the natural,
cultural, and technical dimensions follow. As shown in Fig. 4, spatial and non-spatial
data used to analyze the natural dimension come from the geoportal of the Abruzzo
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Region (http://geoportale.regione.abruzzo.it) and the Fiume Sangro Regional and Inter-
regional Basin Authority (http://autoritabacini.regione.abruzzo.it). These maps merged
with the database provided by the Copernicus Land Monitoring Service portal (http://
land.copernicus.eu). For this dimension, the naturalness (C1) and fragmentation (C2)
criteria were analyzed.

3.2.1 Natural Dimension

The naturalness criterion was defined by reprocessing raw data from the Corine Land
Cover, the Abruzzo Region Landscape Plan and visual analysis through virtual naviga-
tion in Google Earth. This criterion defines a mapping where forest land, cultivated land,
grasslands, wetlands, dunes, beaches and riparian areas can be distinguished.

Fig. 4. Natural dimension maps with the analysis of Naturality (C1) and Fragmentation (C2)
criteria. Source: Authors’ Elaboration

Both proposed alternatives fall within predominantly agricultural areas, simple alter-
nating crops, and in non-irrigated areaswith permanent cropswith another predominance
of vineyards north of the Tordino’s river.

The analysis related to fragmentation represents one of the main components of land
research [34]. For the fragmentation criterion, the degree of naturalistic, geobotanical
and hydraulic risk fragmentation was analyzed. In the initial stretch, which is common
to the two project routes, the areas crossed partly present a low level of naturalistic
fragmentation (in these areas, there are arable crops in non-irrigated areas and/or tempo-
rary crops associated with permanent crops). There is a medium level of fragmentation
(simple arable crops, forest formations with prevalent fruit production, other tree crops,
permanent meadows, complex crop and plot systems and agroforestry areas alternate)

http://geoportale.regione.abruzzo.it
http://autoritabacini.regione.abruzzo.it
http://land.copernicus.eu
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in the other part. The final stretch, which is common to both solutions, is characterized
by areas of high naturalistic fragmentation. In this section, portions of urbanized land
are also intercepted.

In the area covered by alternative no. 1, there ismedium. In the stretch of theTordino’s
river, there is high naturalistic fragmentation about geobotanical aspects.

For the area south of the Tordino, where alternative No 2 locates, there is a medium
level of naturalistic fragmentation, which tends to become low as it proceeds towards
the coast, except for the stretch where the Tordino’s river crosses. The alternative also
does not intercept areas of geobotanical value.

In addition, both alternatives were designed outside the boundary of areas protected
by law from hydrogeological constraint, except where they cross the River Tordino or
some of its tributaries (Fosso Mustaccio, Fosso Cavone and Fosso Corno).

3.2.2 Socio-Cultural Dimension

The authors compared the database for the socio-cultural dimension provided by the
Abruzzo Region was with Open Street Map (OSM).

The four municipalities involved in the intervention have a high concentration of
settlements of high historical interest (C3 – Historicity). The buffer zone where the
two alternatives fall does not intercept any works of historical value (Fig. 5, C3). The
design of the junctionwould connect the historical heritage in the area, which is currently
challenging to access. The infrastructure with its various exits and entrances will connect
to local roads directly from the Adriatic and Teramo motorways.

The population data were fundamental in defining the population density criterion.
The data came from the latest population census provided by ISTAT and dating from

2011considering that the work’s design process was started before 2011.
In 2011, a very high percentage of urban density (Fig. 5, C4) was recorded in the

coastal municipalities, while inland municipalities recorded a lower population density.
In the buffer zone comprising the two project alternatives, there is a minimum popu-

lation density due to industrial areas along the Tordino riverside and active and disused
quarries, which have limited the appearance of new urbanization over time, especially
housing (Fig. 5).

Alternative No. 1 will have an exit at Colleranesco and the industrial area. The
population density here is medium. It is also foreseen rejoining with the present SS.16
Adriatica. For alternative No. 2, an exit is foreseen at Coste Lanciano (Roseto Degli
Abruzzi) and a second one at the industrial area of Colleranesco (Giulianova).

3.2.3 Technical Dimension

The provided technical criteria maps help to standardize the landscape characteristics
with the transport engineering factors. In addition, criteria related to proximity to urban
areas (C5) and accessibility (C6) have been designed to evaluate the best-fit alternative.
The road infrastructure database was provided by OSM, Copernicus and the Abruzzo
Region territorial database.

Both alternatives, within a radius of 2 km, are close to the main urban settlements.
In particular, Alternative No. 1 is well connected to all the main commercial and tertiary
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Fig. 5. Cultural dimension maps with the analysis of Historicity (C3) and Urban density (C4)
criteria. Source: Authors’ Elaboration

services and connects to the residential settlements along the coast. On the other hand,
alternativeNo. 2 is detached from the leadingmanufacturers and residential areas (Fig. 6,
ImageC5). The accessibility criterion (Fig. 6, ImageC6) involved the analysis of rails and
roads. The central railway stops fallingwithin the study areawere identified. In particular,
the two alternatives are much closer to the Mosciano Sant’Angelo stop, located to the
north and parallel to the initial section of the two proposed alternatives. In addition,
the study area in which the two project alternatives fall is crossed by infrastructures
that are mainly local, alternating small roads and pedestrian roads). The only motorway
(Autostrada Adriatica) intercepts the two alternatives in the initial section of the project.
In the final section, from the hinterland to the coast, the two alternatives intercept the
highway 16 Adriatica.

3.3 The MCDA Modelling

The operational steps of MCDA allowed data mapping to be used as explicitly spatial
criteria. Indeed, the spatial criteria maps were provided to the experts to support them
in answering an objective questionnaire. When the problem’s hierarchical structure has
been defined, the authors asked experts to attribute a score on a 1–9 scale at each level.
Three levels of the AHP method are the following:

• The first level, which is related to natural, cultural and technical dimensions;
• The second level, which includes the six criteria (Naturality, Fragmentation, Urban
density, Historicity, Proximity to urban areas, and Accessibility),

• The third level is related to the two alternatives.
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Fig. 6. Technical dimension maps with the analysis of Proximity to urban areas (C5) and
Accessibility (C6) criteria. Source: Authors’ Elaboration

F-AHPhas allowed to include uncertainty in the evaluation, and it has beenperformed
through the following steps, which are presented briefly:

• A range number with the lower and the highest score by the survey has been
determined;

• Apairwise comparisonmatrix with the ratio of two-interval numbers has been shaped;
• A consistency check of the most likely crisp number representing this ratio has been
calculated;

• A fuzzy judgment matrix for each hierarchy level has been obtained;
• The Fuzzy Synthetic Extent by Chang 2008 [18] has been calculated to produce the
triangular fuzzy memberships;

• A likely value within the fuzzy membership was excerpted;
• The normalized weight vector for each hierarchy level has produced the ranking of
the alternatives.

For more details on the operational steps, see Lyu et al. 2020 [10].

4 Outcomes

The operational steps briefly mentioned in Sect. 3.3 were fundamental in defining the
preferred alternative. Figure 7 clarifies which of the two alternatives is preferable.

The results were obtained by comparing the different matrices obtained through the
questionnaire provided to the experts. In this case, the coefficient matrix was defined by
comparing the alternatives to the individual criteria (C1 to C6).
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Fig. 7. Coefficient matrix of pairwise comparison for alternatives (Aj) to C1-C6 criteria: The
best-fit alternatives. Source: Authors’ Elaboration

The best-fit alternative is the A1 north of the Tordino River. This result was obtained
by providing stakeholders with a single questionnaire that reduced by 50% the time
usually spent on traditional questionnaires.

Moreover, during the consultation with the experts, the questionnaire appeared easy
to read, intuitive and quick. It provided themwith maps of the criteria described at length
in the previous paragraphs, allowing them to assign a weight in a completely objective
manner.

5 Discussion and Conclusions

The proposedMCDA has allowed a best-fit alternative of road alignment to be chosen by
including six criteria (Naturality, Fragmentation, Urban density, Historicity, Proximity to
urban areas, and Accessibility) within natural, socio-cultural, and technical dimensions.

The Landscape Character Assessment (LCA) was chosen as an inclusive framework
to expand evaluation criteria beyond technical factors generally included in infrastructure
planning.

The adopted questionnaire (from Lyu et al. 2019 [10]) aided to simplify AHP judge-
ments attribution by avoiding pairwise comparison, which is generally time-consuming
and complex for Stakeholders. In addition, F-AHP allows uncertainty to be included
in the weighting procedure by grasping global weights as the most likely values which
experts can converge.

The computational procedures are time-consuming, complex, and error-prone,
especially when the number of criteria and alternatives grows.

The feedback loop of the integrated valuationswill provide decision-makerswith fur-
ther road alignments by shifting from a discrete problem (with a finite set of alternatives)
to a multiobjective decision-making problem.

The proposed methodology will allow gathering no-spatial explicitly weights and
shifting them into spatial explicitly tiers through F-AHP in a GIS environment.

The multi-group valuation within the spatial decision support systems constitutes
a valuable tool for checking the transparency of preferences, which can be appropri-
ately assimilated to objective procedures to structure more inclusive multi-stakeholder
decision-making processes.

Author Contributions. Conceptualization, M.C., G.P., M.S.; methodology, G.P., M.S.; valida-
tion,M.Cerreta, G.P.; formal analysis, G.P.,M.S.; investigation,M.S.; writing-original draft prepa-
ration, G.P., M.S.; writing-review and editing, M.C., G.P., M.S.; visualization, M.S.; supervision,
M.C., G.P. All authors have read and agreed to the published version of the manuscript.
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