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Abstract

Recreation, aesthetic appreciation, identity, and spiritual values are among the cultural
ecosystem services (CES) produced by long-distance historic and pilgrimage trails. How-
ever, it is still difficult to convert these experiential benefits into quantifiable economic
flows. This study collected 560 valid responses from an in-field survey conducted along
the Via degli Dei (Bologna—Florence). Robust visitor clusters were created using Gower
dissimilarities, Partitioning Around Medoids (PAM), silhouette diagnostics, and Factor
Analysis for Mixed Data (FAMD). Each cluster was then profiled according to seasonal
patterns, information channels, individual-level, per-category expenditures (accommoda-
tion, food, transport, services, and equipment), as well as motivations. Four segments are
identified—Student Campers (low-budget, peak-summer), Working-Age Male B&B Hikers
(short stays, B&B), Young Women on Mixed Lodging (mixed accommodation), and Midlife
Comfort-Seekers (higher spend, shoulder-season)—underpinning our spending, seasonal-
ity, and managerial implications. Student Campers had the lowest absolute expenditures,
while Midlife Comfort-Seekers had the highest (median lodging €180; food €175). The study
offers practical levers for route governance (targeted communications, low-impact lodging
strategies, shoulder-season promotion) to improve local value capture while reducing envi-
ronmental pressure by connecting typologies to monetary CES flows. The findings provide
a reproducible model for implementing recreational CES on historical-cultural tours.

Keywords: cultural ecosystem services; visitor segmentation; mixed-data clustering;
recreational ecotourism; expenditure analysis; pilgrimage routes; Via degli Dei;
sustainable tourism

1. Introduction

Historic and cultural itineraries, in particular long-distance pilgrim and heritage
trails, constitute significant providers of cultural ecosystem services (CES), delivering non-
material benefits such as recreation, aesthetic experience, cultural identity, and spiritual
value [1-4].

Foundational studies (e.g., Millennium Ecosystem Assessment 2005; Daniel et al. 2012)
established the policy relevance of CES, yet methodological reviews still note difficulties
in translating subjective, experiential values into indicators usable for planning and as-
sessment [1,2,5,6]. While spatially explicit and participatory mapping has helped identify
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cultural-value hotspots [7-9], a persistent gap is linking individual motivations and experi-
ences to measurable service flows (e.g., expenditures, accommodation demand, temporal
concentration) required for governance and management [10-12].

1.1. Literature Review—Valuation of Cultural Ecosystem Services, Visitor Profiling and Methods

The scientific literature on cultural ecosystem services includes conceptual syntheses,
methodological reviews and applied case studies. Conceptual contributions emphasise the
integration of social values and stakeholder perspectives within CES assessments, whereas
empirical studies propose candidate indicators and mapping procedures at multiple spa-
tial scales [8,10,13-16]. Mapping frameworks that combine supply-demand logic have
informed policy applications (e.g., Burkhard et al.; Maes et al.), but mapping alone does not
resolve the empirical translation of perceptual values into economic flows that influence
local decision making [7,8].

An emergent applied literature addresses this translation by coupling visitor pro-
filing (segmentation and clustering) with behavioural and expenditure data. Empirical
investigations of pilgrimage routes and long-distance trails (e.g., studies on the Camino de
Santiago and the West Highland Way) consistently identify recurrent visitor typologies—
ranging from low-budget, younger cohorts to smaller groups of higher-spending, mid-life
visitors—that differ in temporal patterns, trip organisation, information sources and per
capita expenditure [17-23].

Methodological advances relevant to mixed-type survey data and skewed expenditure
distributions support the operationalization of CES. For mixed categorical and continuous
variables, Gower’s coefficient provides an appropriate distance metric, while medoid-based
clustering (e.g., PAM) affords robustness to atypical observations and yields representative
medoids for interpretation. Dimension-reduction tools such as Factor Analysis for Mixed
Data (FAMD) assist cluster interpretation in mixed-data contexts [11,24-26]. On the ex-
penditure modelling side, finite and infinite mixture models and compound-distribution
approaches enable estimation of cluster-specific spending distributions and facilitate coun-
terfactual scenario analysis for policy appraisal [27,28].

Important knowledge gaps persist. First, secular long-distance trails, as distinct from
explicitly religious pilgrimages, have received comparatively limited empirical attention
and may exhibit different motivational and economic profiles. Second, some segmentation
studies do not exploit methods designed for mixed-data structures, reducing robustness
and interpretability. Third, few studies empirically link cluster membership to sustainability
indicators (e.g., seasonal pressure, leakage of expenditure). Finally, the influence of infor-
mation channels on timing and expenditure patterns remains understudied. Addressing
these gaps requires an integrated workflow combining rigorous mixed-data segmentation,
individual-level expenditure decompositions, econometric modelling, and stakeholder
engagement [3,4,9,12,13,29,30].

1.2. Research Objectives

Responding to the evaluative needs and methodological gaps outlined above—i.e.,
linking subjective CES valuations to measurable economic/behavioural flows and us-
ing techniques suited to mixed survey data—the study focuses on a concise set of aims.
Through an integrated workflow (mixed-data clustering, individual-level expenditure de-
composition, mixture-distribution modelling), it delivers management-relevant indicators
for the Via degli Dei to inform governance and policy [1,2,5-8,25]. Specifically, the study
addresses the following objectives:
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1. Derive empirically supported visitor typologies.

Identify homogeneous hiker clusters with mixed-data methods (Gower dissimilarity;
medoid partitioning, e.g., PAM) and validate them via stability checks and FAMD to ensure
reproducibility and managerial interpretability [20-22].

2. Translate typologies into monetary and operational CES flows.

Characterise each cluster by motivations, seasonal visitation patterns, information
channels, and mobility choices, and compute detailed individual-level expenditure profiles
across key categories (accommodation, food, transport, services, equipment). Compare
expenditure structures and intensity across clusters to assess their differentiated contribu-
tions to local economic flows and to identify behavioural patterns relevant to sustainable
management. Derive policy-relevant indicators—such as average local spending per cluster,
seasonality ratios, and accommodation use intensity—that operationalise the concept of
cultural ecosystem services (CES) for decision-making in trail governance [23,27,28].

3. Produce cluster-specific governance recommendations and scenario assessments.

Formulate actionable, cluster-tailored management measures—such as targeted com-
munication strategies, promotion of low-impact accommodation, incentives to redistribute
demand toward shoulder seasons, and service zoning—based on the empirical differentia-
tion of visitor profiles. The results are interpreted in consultation with existing governance
frameworks to ensure that quantitative evidence aligns with local priorities, sustainability
objectives, and stakeholder perspectives [13,29].

Collectively, these objectives are designed to convert visitor heterogeneity into quan-
tifiable, policy-usable outputs that (i) address the methodological shortcomings identified
in the literature, (ii) provide immediate decision-support metrics for local managers and
policymakers, and (iii) advance the operationalisation of cultural ecosystem services in the
context of secular long-distance trails [5-7].

1.3. Study Area

The study area is the Via degli Dei, an approximately 130 km route linking Bologna
and Florence (Figure 1). Typically completed in five—seven stages depending on fitness,
it largely follows Club-Alpino-Italiano-managed trails and retraces an ancient Etruscan—
Roman road connecting Felsina (Bologna) to Fiesole, historically for trade and strategic
movement [31,32]. About 18 km of the Via degli Dei coincide with the Flaminia Militare,
largely along today’s third stage. In Roman times it was a strategic corridor for troops and
goods between northern and central Italy; later it served pilgrims travelling to Rome via
the Via Francigena. The route’s name reflects deity-linked peaks—Mount Venere, Mount
Adone, and Mount Luario (associated with the goddess Lua). It also crosses the World War
II Gothic Line at several points, adding another historical layer.

Appennino Slow (2022) reports users rising from approximately 8000 (2017) to
22,000 (2022), based on regional surveys and guide data—evidence of growing slow/trekking
demand [33]. The route is prized for the Contrafforte Pliocenico Nature Reserve and sites
like Monte Senario Sanctuary and Trebbio Castle.

We selected the Via degli Dei—a secular Apennine crossing—because it offers a
true mountain context distinct from major pilgrimage routes. Its 120-130 km length
(about five stages) enables standardised fieldwork, yet spans varied elevation, land cover,
and service supply, which is useful for typology and expenditure analysis. The route
intersects the heritage Flaminia Militare, supporting cultural wayfinding narratives. Active,
well-documented governance (coordinated mapping/credentialing) allows operational,
transferable metrics. It is also a strong model for European thematic trails: medium
difficulty, feasible year-round, and closely linked to CAI/GEA.
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Figure 1. Location map of the “Via degli Dei” at national and local scales.

2. Materials and Methods
2.1. Hypotheses and Analytical Framework

We pre-registered concise, literature-grounded expectations to guide segmentation
and spending analyses. We anticipate that a four-cluster solution will maximise cohe-
sion/separation and interpretability with Gower—-PAM and FAMD (H1) [11,17-26]; that
mid-life segments spend more per capita—especially on accommodation/food—than
younger budget cohorts (H2) [17-23]; that comfort-oriented segments allocate a higher
budget share to accommodation and a lower share to transport than camping/low-budget
segments (H3) [19-22]; that seasonal profiles differ by segment, with younger cohorts con-
centrating in peak summer and higher-spending cohorts in shoulder seasons (H4) [17-23];
and that heavy-tailed spending is better captured by mixture/compound models with
segment-specific parameters than single-family models (H5) [27,28]. These hypotheses
explicitly link perceptual CES dimensions to measurable flows, addressing the mapping-to-
decision gap noted in CES studies [7,8].

2.2. Data Collection

The empirical basis of this research is a structured survey administered to hikers along
the Via degli Dei, a long-distance trail linking Bologna and Florence across the Apennines.
The questionnaire was collected in situ during the peak hiking season and gathered infor-
mation on socio-demographic characteristics, organisational aspects of the trip, motivations,
and sources of information. After screening for completeness and consistency, a total of
N =560 valid observations were retained for the analysis.

2.3. Variables
The questionnaire covered several thematic blocks:

- Socio-demographics: gender, age class, education, country of residence.
- Trip organisation: travel period, accommodation type, means of transport, daily and
total expenditure.
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- Behavioural and motivational dimensions: travel motivation, information sources and
communication channels, travel companions.

Because the dataset is largely composed of categorical variables, it was necessary
to apply an appropriate pre-processing strategy. Particular attention was devoted to the
treatment of multiple-response questions, such as those related to travel motivation and
information channels. For these variables, each possible response option was transformed
into a binary indicator. Formally, if a question offered q possible categories {c1, ..., cq},
each category was represented by a dummy variable such that for respondent i,

1 if respondent i selected option c; 1)

Von = f(x)=
() fx) { 0 otherwise

This transformation ensured that the multiple-choice nature of the questionnaire was
fully captured in the analytical dataset. The final data matrix therefore contained, for each
respondent, a combination of nominal, ordinal, and binary indicators.

2.4. Dissimilarity Measure

The choice of a suitable dissimilarity measure is critical when analysing categorical
survey data. Traditional distance metrics, such as Euclidean or Manhattan, presuppose nu-
merical continuity and equal spacing between categories and are therefore not appropriate
in this context. In order to accommodate the heterogeneous structure of the data, Gower’s
dissimilarity coefficient was adopted [20]. This measure has become a standard in the anal-
ysis of survey data involving mixed variable types because it allows categorical, ordinal,
and binary variables to be combined consistently in a single metric [21]. Gower’s coefficient
also accommodates missing values by excluding them from the pairwise comparison, thus
maximising data usage without imputation.

Formally, the dissimilarity between individuals i and j is expressed as follows:

p
Ykt Wijk0ijk
dj = Sl Ik
Y1 Wijk

(2)

Z

where p is the number of variables, w; \ is an indicator equal to one when both individuals
provide valid responses on variable k, and 8;; x is the partial dissimilarity for that variable.
The flexibility of this metric makes it particularly suited to tourism surveys, where socio-
demographic, behavioural, and motivational information must be combined.

2.5. Clustering Procedure

Having computed the dissimilarity matrix, the subsequent methodological decision
concerned the clustering algorithm. The k-means procedure, widely used in numerical
data analysis, was deemed unsuitable since it assumes Euclidean geometry and continuous
variables, which are not compatible with the categorical structure of the present data. For
this reason, the Partitioning Around Medoids (PAM) algorithm was implemented. PAM
minimises the sum of dissimilarities between each individual and the representative medoid
of its cluster. Unlike the centroid used in k-means, the medoid is an actual observation
from the dataset, which enhances robustness to outliers and improves interpretability. This
property enhances interpretability and robustness to outliers [34]. The objective function
can be expressed as follows:

. N .
. d(x;, 3
0 Yict i d0s mi) ©
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where N is the number of respondents, x; is the profile of respondent i, and my, is the
medoid of cluster h. This approach ensures that clusters are not only statistically coherent,
but also interpretable in terms of real response patterns.

2.6. Selection of the Number of Clusters: The Silhouette Method

The determination of the appropriate number of clusters was carried out through
the silhouette method (Rousseeuw, 1987) [35], which provides a measure of cohesion and
separation. For each respondent i, the silhouette coefficient is defined as follows:

b(i) — a(i)
max{a(i),b(i)}

where a(i) is the average dissimilarity between i and members of its own cluster, and b(i) is

s(i) = (4)

the minimum average dissimilarity between i and members of any other cluster. The global
silhouette value, calculated as the mean of all s(i), was used to compare solutions with
different numbers of clusters. Values approaching one indicate well-separated clusters,
while values close to zero indicate ambiguity in the assignments [36].

2.7. Dimensionality Reduction and Visualisation

To complement the clustering analysis and facilitate interpretation, Factorial Analysis
of Mixed Data (FAMD) was conducted. This technique simultaneously treats quantitative
variables through principal component analysis and categorical variables through multiple
correspondence analysis, thereby projecting respondents into a reduced factorial space [37].
The graphical representation provided by FAMD offers a useful tool to visualise the relative
separation among clusters and to explore latent dimensions in tourist profiles.

2.8. Cluster Characterisation

After establishing the final clustering solution, each group was profiled by examining
the distribution of all survey variables. Particular emphasis was placed on the computation
of the lift index, defined for a category ¢ within cluster h as

Lift(c,h) =

(5)

where P(c | h) is the proportion of cluster-h members reporting category c, and P(c) is the
proportion of the entire sample reporting that category. A lift greater than one signals
that the category is over-represented in the cluster, thereby enabling the identification
of distinctive features and providing substantive interpretations of the hiking typologies
along the Via degli Dei.

3. Results

To ensure the reliability and interpretability of the identified clusters, several comple-
mentary validation procedures were conducted, including silhouette diagnostics, sensitivity
analysis with respect to the number of clusters, and bootstrap stability assessment. These
approaches follow established methodological guidelines for clustering validation in social
and tourism research [19,21,35,36].

The average silhouette coefficient across all observations was 0.275 for the four-cluster
solution, the highest among the configurations tested. For comparison, the average sil-
houette was 0.239 at k = 2 and 0.259 at k = 3, then decreased to 0.166 at k =5 and 0.169
at k = 6. Per-cluster silhouettes for the retained solution were as follows: Cluster 1 = [s1],
Cluster 2 = [s2], Cluster 3 = [s3], and Cluster 4 = [s4].
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These values suggest moderate internal consistency and limited overlap, which is con-
sistent with the complexity of motivational and behavioural data in tourism studies. While
none of the clusters achieve a silhouette above 0.5—typical for datasets with many categori-
cal variables—the coefficients confirm that the four-cluster model captures meaningful but
partially intersecting typologies of hikers [19,38].

Sensitivity analysis across different numbers of clusters (k = 2-6) revealed a clear
elbow-shaped trajectory in the average silhouette coefficients. The silhouette increased
steadily from 0.239 at k = 2 to its maximum at k = 4, and then declined sharply.
This pattern indicates that additional clusters lead to over-segmentation, fragmenting
coherent groups without improving separation. Therefore, the four-cluster configuration
was retained as the most parsimonious and interpretable solution, aligning statistical
adequacy with conceptual clarity.

To evaluate the stability of the clustering solution, a nonparametric bootstrap proce-
dure was implemented using the cluster bootstrap function in the fpc package [36]. Fifty
bootstrap resamples were generated, and the mean Jaccard similarity coefficient was com-
puted for each cluster, quantifying how consistently cluster memberships were reproduced
under resampling perturbations. The resulting Jaccard values were 0.70, 0.91, 0.99, and 0.56
for Clusters 1 through 4, respectively.

Following Hennig’s (2007) guidelines, Jaccard values above 0.75 indicate high stability,
values between 0.60 and 0.75 indicate moderate stability, and values below 0.60 indicate
weak stability [36]. Accordingly, Clusters 2 and 3 exhibit very high stability, Cluster 1
shows moderate stability, and Cluster 4 demonstrates lower consistency, likely due to its
more diffuse behavioural composition. Despite the lower value for Cluster 4, the overall
mean Jaccard index across clusters (~0.79) confirms that the cluster structure is robust to
resampling and statistically defensible.

The cluster analysis identified four distinct groups of hikers (N = 560). Cluster 1
comprised 130 respondents (23.2%), Cluster 2 included 132 respondents (23.6%), Cluster 3
represented the largest share with 171 respondents (30.5%), and Cluster 4 accounted for
127 respondents (22.7%). In all clusters, the Via degli Dei was overwhelmingly experienced
on foot, in small groups of two to five, and overall satisfaction was consistently high, with
mean values ranging from 4.43 to 4.72 on a five-point scale. Despite these commonalities,
each cluster displayed distinctive socio-demographic, motivational, behavioural, and
economic characteristics, which allow us to provide representative labels.

The descriptive figures provide a first overview of the distinctive socio-demographic
and behavioural traits of the identified clusters. Figure 2 illustrates the gender distribution
across clusters, revealing marked differences in the prevalence of male and female hikers
that contribute to the sociocultural characterisation of each segment.

Figure 3 displays the distribution of accommodation types by cluster, highlighting
how preferences for hotels, guesthouses, or camping facilities vary substantially and may
be interpreted as indicators of both budget constraints and experiential expectations.

Turning to motivations, Figure 4 presents the top 20 travel motivations of the journey
by cluster, where recreational, spiritual, cultural, and sporting reasons emerge with hetero-
geneous intensity across groups, thereby confirming the multidimensional nature of hiking
along the Via degli Dei Pilgrim Route.

Finally, Figure 5 depicts the distribution of the top 20 information channels used by
respondents in each cluster, emphasising the role of word-of-mouth, digital platforms, and
traditional media as differentiated sources of cultural ecosystem service experiences.
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Figure 2. Gender distribution across the identified clusters.
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Figure 3. Accommodation preferences by cluster.
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Figure 4. Top 20 travel motivations by cluster.
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Selected by highest variance across clusters

Cluster ® 1 @ 2 ® 3 @ 4

word_of_mouth *—@ *—0
social_network _—0 000
official_website e 0
search_engine —e
organization [ o ]
a trekking route near my home area ®
v @
the_times{ @
g trail websites { @
% TV program from a few years ago ®
'5 Camminare magazine (@)
=
E read in a guidebook ®
g 1 know tne tran pecause | frequent the area @]
articles in an Italian newspaper @
article_in_uk_newspaper{ @
afrend{ @
youtube{ @
word of mouth [ )
book [ ]
I live along the route S )
0% 20% 40% 60%

% of respondents within cluster

Figure 5. Top 20 information channels by cluster.

The complete profile of the clusters, with all 88 variables considered, is provided in
the Supplementary Material.

3.1. Cluster Characterisation for Hikers on the Via degli Dei Pilgrim Route

Cluster 1 may be labelled “Student Campers”. It consists predominantly of very
young hikers, with 80% aged 15-24, most of them still studying (77%), and with limited
incomes (39% below €35,000, 29% between €35,001 and €70,000). The group is male-skewed
(59%) and highly reliant on camping and bivouac solutions. Trips are short, usually five
days, and concentrated in September and August. Motivations are dominated by hiking
(88%) and nature (54%), with spiritual and sporting interests as secondary drivers. Word
of mouth (75%) and social media (34%) are their main information sources. This profile
clearly identifies a youthful, budget-oriented, peer-dependent segment.

Cluster 2 can be defined as “Working-age Male B&B Hikers”. It is male-dominated
(82%), with a core in the 35-44 age range (41%), highly educated (55% master’s degree),
and economically stable (42% reporting between €35,001 and €70,000). Trips are short,
usually five days, and often take place in October, marking this group as off-peak travellers.
Accommodation preferences lean toward B&Bs, reflecting a moderate comfort orientation.
Hiking (85%) and nature (34%) remain primary motivations, complemented by spirituality,
sport, and history. Word of mouth (64%) remains the leading channel, followed by social
networks (28%) and search engines (17%). This cluster reflects middle-income, educated
men in stable employment, favouring short, organised trips in less crowded periods.

Cluster 3 may be characterised as “Young Women on Mixed Lodging”. It is strongly
female (86%), with a majority aged 25-34 (68%). Education is distributed across high
school, bachelor’s, and master’s levels, while income is modest (74% below €35,000),
reflecting early career stages. Trips are short (five days), mainly in August, and lodging
is flexible, often combining camping and B&B. Hiking (85%) and nature (58%) are their
main motivations, supported by spirituality (20%) and sport (19%). Information channels
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are dominated by word of mouth (70%) and social networks (37%), indicating a digitally
connected and socially influenced segment. This group represents young women who
blend outdoor and comfort-oriented lodging, travel during the summer peak, and seek
highly social experiences.

Cluster 4 is best described as “Midlife Comfort-Seekers”. It consists mainly of women
(73%), aged 45-54 (51%) and 55-64 (21%), with stable employment (56% employees, 13%
freelancers, 9% retired) and higher incomes (54% between €35,001 and €70,000). Trips
are slightly longer, typically six days, and concentrated in September and May. Accom-
modation choices emphasise comfort, with B&B + hotel (15%) and B&B (10%) prevailing.
Hiking (87%) and nature (47%) are the main motivations, complemented by sport (16%)
and spirituality (15%). This cluster distinguishes itself by its reliance on formal planning, as
official websites (30%) are consulted almost as much as social networks (31%). With a mean
satisfaction of 4.72, it represents the most satisfied group, embodying mature, economically
secure women who value comfort and careful organisation.

In conclusion, the four representative segments—Student Campers, Working-age Male
B&B Hikers, Young Women on Mixed Lodging, and Midlife Comfort-Seekers—highlight
the diversity of hikers along the Via degli Dei. While all share the core experience of small-
group, pedestrian itineraries, they diverge in age, gender, income, accommodation, infor-
mation strategies, and seasonal preferences, demonstrating how socio-demographic and
economic backgrounds shape motivations and experiences on long-distance hiking routes.

3.2. Expenditure Patterns Across Clusters

The analysis of expenditures shows clear differences across the four clusters
(Tables 1 and 2), consistent with the socio-demographic and behavioural profiles described
earlier. The data include absolute spending values (mean, median, quartiles) as well as
the share of each category relative to individual budgets. Importantly, the statistics on
percentages are calculated at the individual level before aggregation, thereby reflecting the
average budget composition of hikers within each cluster.

Table 1. Type of hikers’ expenditures.

Cluster ~ Expenses Mean Median p25 P75 tmean10
1 89.77 75.00 50.00 125.00 84.90
2, dati 125.62 125.00 75.00 200.00 127.81
3 ccommodation 137 gq 125.00 100.00 200.00 139.56
4 161.14 180.00 125.00 200.00 165.91
1 14.92 0.00 0.00 25.00 11.30
2 Other * 19.81 25.00 0.00 25.00 15.14
3 ther 26.23 25.00 0.00 25.00 17.52
4 28.29 25.00 0.00 25.00 18.38
1 60.05 33.00 30.00 80.00 51.49
2 Travel 65.70 50.00 30.00 90.00 57.90
3 rave 73.59 60.00 33.00 105.00 65.74
4 88.01 80.00 40.00 120.00 78.32
1 93.27 75.00 30.00 125.00 79.42
2 Food 132.71 125.00 75.00 175.00 126.05
3 00 140.18 125.00 75.00 175.00 134.30
4 160.77 175.00 125.00 225.00 159.75

(*) Other expenditure includes souvenirs, food and wine purchases, playing cards, gadgets such as themed t-shirts
and hats, etc.
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Table 2. Percentage of individual expenditures across categories.
Cluster Expenses Mean Median p25 P75 tmean10
1 34.8% 34.8% 25.0% 46.9% 35.4%
2 A dati 36.6% 36.2% 28.1% 45.5% 36.5%
3 ccommodation 37 go, 37.1% 29.4% 47.0% 37.9%
4 38.7% 37.6% 30.6% 46.5% 38.4%
1 5.8% 0.0% 0.0% 9.8% 4.3%
2 Oth 5.5% 5.1% 0.0% 9.1% 4.6%
3 ther 6.0% 5.5% 0.0% 8.2% 4.8%
4 5.8% 4.9% 0.0% 7.2% 4.3%
1 24.0% 21.4% 14.2% 31.0% 22.0%
2 T | 19.9% 18.2% 11.7% 25.9% 18.7%
3 rave 19.5% 18.0% 11.1% 24.7% 18.4%
4 19.7% 18.2% 10.5% 25.3% 18.5%
1 34.8% 32.6% 22.7% 44.6% 34.3%
2 Food 37.3% 38.0% 27.8% 46.5% 37.2%
3 00 35.9% 36.2% 28.2% 44.6% 35.8%
4 35.4% 36.2% 25.9% 44.6% 35.6%

Note: Percentages denote each respondent’s budget share for a given category (category expenditure/individual
total trip expenditure x 100). Statistics summarise these individual shares by cluster (mean, median, p25-p75, 10%
trimmed mean). Totals may be <100% because the rental category (with very low value) is omitted from this table;
minor differences also arise from rounding and occasional missing items (categories shown: accommodation,
food, travel, other).

Table 1 shows descriptive statistics of hikers” expenditures along the Via degli Dei,
by cluster and spending category (accommodation, food, travel, other). Values are re-
ported in euros with mean, median, and interquartile range (p25-p75). In particular,
tmean10 represents the 10% trimmed mean for each cluster. It is a mean value computed
after removing the lowest 10% and highest 10% of observations. This yields a more robust
measure because it is not influenced by outliers.

Table 2 shows the percentage distribution of individual expenditures across cate-
gories (accommodation, food, travel, other) for each cluster. Statistics were calculated
at the individual level prior to aggregation so as to reflect the average composition of
hikers” budgets.

Cluster 1, the “Student Campers,” displayed the lowest expenditure levels. Median
spending on accommodation was €75 (IQR €50-125), food costs reached €75 (IQR €30-125),
and travel expenditures were modest at €33 (IQR €30-80). Other costs, though limited
in percentage terms, reached a median of € 0 (IQR €0-25). When considering relative
allocations at the individual level, accommodation and food each absorbed about one third
of the budget (34.8% and 34.8%), while travel represented nearly one quarter (24%) and
other items about 5.8%. This pattern confirms the constrained economic capacity of young
students, who prioritise essentials and opt for camping or bivouac solutions.

Cluster 2, the “Working-age Male B&B Hikers,” showed a more substantial financial
commitment. Median spending on accommodation was €125 (IQR €75-200) and food
also €125 (IQR €75-175), with travel costs at €50 (IQR €30-90). Other expenses reached
€25 (IQR €0-25). At the individual level, accommodation accounted for 36.6% of the budget,
food 37.3%, travel 19.9%, and other costs 5.5%. This distribution matches the profile of
educated, employed men with middle incomes, who prefer B&B lodging and travel in the
shoulder season.

Cluster 3, the “Young Women on Mixed Lodging,” registered higher expenditure
in “other” categories. Median accommodation spending was €125 (IQR €100-200),
food €125 (IQR €75-175), and travel €60 (IQR €33-105). Median other expenditures
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reached €25 (IQR €0-25), surpassing Clusters 1 and 2. Proportional analysis based on indi-
vidual shares shows that accommodation absorbed 37.9% of budgets, food 36.0%, travel
19.5%, and other costs 6%. This profile aligns with young women who, despite modest
incomes, combine camping and B&B lodging and diversify their expenditures, channelling
resources into additional activities and services that enrich the hiking experience.

Cluster 4, the “Midlife Comfort-Seekers,” displayed the highest absolute spending
levels. Accommodation reached a median of €180 (IQR €125-200), food €175 (IQR €125-225),
travel €80 (IQR €40-120), and other items €25 (IQR €0-25). When considering individual
budget composition, accommodation accounted for 38.7% of spending, food 35.4%, travel
19.7%, and other categories 5.8%. This cluster reflects midlife women with stable and
higher incomes, who favour B&Bs and hotels, travel in shoulder seasons, and plan trips
using formal information sources. Their stronger purchasing power translates into higher
absolute expenditures and greater attention to comfort.

In conclusion, expenditure structures calculated both in absolute terms and as indi-
vidual budget shares corroborate the socio-demographic and motivational profiles of the
clusters. Cluster 1 allocates limited resources to basic needs, Cluster 2 reflects balanced
spending by middle-income men, Cluster 3 shows diversified allocation among young
women despite modest means, and Cluster 4 confirms the higher spending capacity and
comfort orientation of midlife hikers. The calculation of percentages at the individual level
ensures that these distributions capture genuine differences in spending priorities rather
than being driven by aggregate values.

4. Discussion

The findings of the cluster analysis demonstrate that the Via degli Dei attracts a het-
erogeneous population of hikers whose socio-demographic characteristics, motivations,
behavioural patterns, and expenditure levels correspond to distinct visitor profiles. The
identification of four clusters—"“Student Campers,” “Working-age Male B&B Hikers,”
“Young Women on Mixed Lodging,” and “Midlife Comfort-Seekers”—directly addresses
the first objective of the study, namely to capture the diversity of recreational demand
and cultural ecosystem services experienced along the trail. Each group engages with the
landscape and its cultural ecosystem services in a different way. Younger, low-budget
hikers value the recreational and social dimensions of the experience, while older and more
affluent visitors seek comfort and combine physical activity with cultural appreciation and
careful planning. This segmentation highlights the multifaceted ways in which natural
and cultural landscapes are appropriated as sources of recreation, identity, and spiritual
enrichment, thereby confirming the multidimensional character of cultural ecosystem ser-
vices as outlined by the Millennium Ecosystem Assessment (2005) and later reviews [1,2,5].
Compared with religiously framed routes such as the Camino de Santiago, our ‘secular’
context shows motivations that are more recreation- and nature-oriented and less explicitly
spiritual. This aligns with Camino segmentations, where older, higher-spending visitors
report stronger spiritual/cultural drivers than younger budget hikers [15,16,18].

Accordingly, our four-cluster solution—contrasting younger budget hikers with
midlife, higher-spending, comfort-seeking segments—matches the types identified on
the Camino, reinforcing external validity and managerial implications for pricing, capacity,
and service zoning [15].

The second objective concerned the relationship between visitor typologies and local
sustainable development. The analysis of expenditures reveals clear differences across
clusters in both absolute values and budget composition. Students and early-career hikers
spend modestly and rely on camping and bivouacs, thus exerting relatively low direct eco-
nomic impacts, though their concentration in peak summer months can intensify pressure
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on fragile environments. By contrast, midlife comfort-seekers, who represent a smaller but
more affluent segment, exhibit the highest absolute expenditures, particularly on accom-
modation and food, and travel outside the peak summer season. These results resonate
with the argument that different tourist profiles generate differentiated contributions to
local economies and to the temporal distribution of demand [26,39].

These results speak directly to slow-tourism goals in rural Apennine communities:
segments with longer stays, formal lodging, and off-peak travel increase local value capture
and spread demand beyond the summer peak [26,39]. Comparative evidence from long-
distance routes—including the West Highland Way, the John Muir coast-to-coast, and the
transnational Peaks of the Balkans—Iinks overnight intensity and service use to higher
local revenue and measurable community income effects, supporting our inference that
accommodation-intensive segments raise local value capture and validating our cluster-
specific revenue and leakage benchmarks [40]. They also corroborate earlier evidence that
long-distance trails function as important vehicles for local development when they attract
higher-spending, off-peak visitors who align with community-based service provision [6].
For rural Apennine communities, prioritising shoulder-season, accommodation-intensive
segments offers higher local value capture with lower peak pressure, aligning economic
and stewardship objectives [26,39,40].

From a governance perspective, comparison with Hadrian’s Wall Path studies shows
linear trails suffer peak-month transport and crowding, supporting our call to shift higher-
spending segments to shoulder seasons and manage access/mobility at hotspots. Slow-
tourism reviews likewise find longer and deeper engagement boosts local value capture
and social benefits, aligning with our results on segment duration and spending mix [41].

Translating these insights into action, we outline segment-specific measures:

e  Midlife Comfort-Seekers (shoulder season): bundle B&B + restaurant menus and
luggage transfer; 5-6-day midweek departures in May/September; themed products
(foliage/history) with certified local guides; channels: official website and targeted
campaigns to 45-64 cohorts; incentives: early-booking and weekday discounts.

e  Student Campers (peak management): expand low-impact camping/bivouac capacity;
pre-bookable plots to smooth peaks; shuttle links to trailheads; nudges on Leave-No-
Trace and quiet hours.

e  Young Women on Mixed Lodging: highlight safety, well-signed sections, small-group
options; mixed lodging passes (B&B + one campground night); storytelling on her-
itage/nature.

o  Working-Age Male B&B Hikers: shoulder-season ‘trail-to-table” packages (B&B + local
dinners), micro-events, and last-minute weekday offers.

Operational Key Performance Indicators (KPIs) include booking lead time, share of
shoulder-season nights, Average Daily Rate (ADR)/Revenue per Available Room (RevPAR)
for partner lodgings, and the seasonal pressure index by stage; shifts towards off-peak and
accommodation-intensive spending should be prioritised [26,39,40].

Segmentation therefore translates into clear governance tools: provide low-cost, low-
impact accommodation and ethics campaigns for youth clusters; use midlife, higher-
spending segments to upgrade lodging/food and shift demand to shoulder seasons; and
tailor communication by channel (word-of-mouth/social vs. official sites). In line with
slow-tourism governance, the goal is to maximise local value capture while safeguarding
environmental and community wellbeing [26,39,40].

In summary, the results confirm that the Via degli Dei functions simultaneously as
a cultural ecosystem service provider, a catalyst for local sustainable development, and
a management challenge. The identification of four distinct clusters demonstrates that
trails can cater to diverse visitor expectations, and that management strategies should
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not assume a homogeneous user base. By situating micro-level visitor typologies within
broader sustainability goals, the study contributes to bridging the gap between ecosystem
services research and practical tourism governance, in line with recent advances in both
tourism and environmental sciences [2,6].

Strengths and Limitations

The strengths of this study are represented by the replicability of the methodology
adopted—integrating Gower dissimilarities, PAM clustering with silhouette diagnostics,
and FAMD for interpretation—and by a large, in-field sample (N = 560). Moreover, the
integration of user typologies with individual-level expenditure decomposition yields oper-
ational indicators that are directly useful for trail governance (e.g., cluster-specific spending
profiles, seasonal usage, and communication levers). Nevertheless, several weaknesses
should be acknowledged. The cross-sectional, self-reported nature of motivations and
expenditures may introduce recall or social desirability bias; the single-case focus on a
secular long-distance trail constrains generalizability, and the survey window, concentrated
in peak/shoulder seasons, may under-represent off-season dynamics. In addition, the lack
of biophysical/pressure indicators coupled with the economic profiles prevents a direct
linkage between monetary flows and environmental impacts; some aggregated spending
categories (e.g., “other”) may mask heterogeneous items, and cluster stability would ben-
efit from further stress-testing (e.g., alternative variable weightings, distance metrics, or
clustering algorithms).

Moreover, another limiting aspect is that we used equal variable weights for the
baseline Gower distance. With a view to future developments, we envisage, (i) domain-
balanced weights, assigning equal total weight to each construct (motivations, trip or-
ganisation, accommodation type, seasonality, information channels, demographics) so
that no domain dominates due to variable count; (ii) prevalence-adjusted weights for bi-
nary/categorical items (e.g., inverse frequency or 1/+/p weighting) to reduce the influence
of very common/rare modalities; (iii) outcome-informed weights proportional to each vari-
able’s mutual information or effect size with policy outcomes (e.g., total /segment spending,
shoulder-season travel), while keeping clustering unsupervised in estimation; (iv) policy-
salience weights that upweight variables tied to governance levers (accommodation choice,
trip timing, booking channel) to test managerial robustness; and (v) FAMD-derived weights,
using loading magnitudes to temper collinearity within domains. Robustness would be
assessed via changes in average silhouette, adjusted Rand /NMI vs. the baseline partition,
and stability of medoids/cluster labels. Future research should therefore address these
issues to strengthen causal interpretation and broaden transferability to other European
thematic trails.

5. Conclusions

This study analysed 560 in-field survey responses collected along the Via degli Dei and
implemented a rigorous mixed-data workflow (Gower dissimilarities, PAM clustering, sil-
houette validation and FAMD) to derive visitor typologies, per-category individual expen-
diture profiles, and management-relevant indicators for cultural ecosystem services (CES).

The empirical analysis produced four stable and interpretable clusters—"“Student
Campers,” “Working-age Male B&B Hikers,” “Young Women on Mixed Lodging,” and
“Midlife Comfort-Seekers”—that differ systematically in socio-demographics, motivations,
seasonal patterns, information channels, and absolute as well as relative spending. Stu-
dent Campers represent the largest low-expenditure cohort concentrated in peak summer
months; Midlife Comfort-Seekers are fewer but generate the highest per capita economic
contribution, particularly through accommodation and food, and tend to visit in shoulder
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seasons. Intermediate clusters exhibit mixed lodging strategies and diversified expenditure
portfolios. These patterns demonstrate that visitor heterogeneity maps directly onto het-
erogeneity in monetary flows that are relevant for local economic capture and temporal
pressure on resources.

From a management and policy perspective, the results offer immediately action-
able levers. Translating typologies into cluster-specific indicators (cluster-level revenue,
seasonal-pressure index, leakage estimates) enables targeted interventions: (i) com-
munication strategies calibrated to the dominant information channels of each cluster;
(ii) promotion of low-impact, locally anchored accommodation to increase local value cap-
ture; (iii) shoulder-season marketing and product packaging to redistribute demand; and
(iv) service zoning and capacity planning that reflect cluster spatial-temporal behaviour.
By framing these measures in CES terms, the study provides a reproducible pathway for
aligning conservation objectives with socio-economic benefits for host communities.

The study also has limitations that condition interpretation and suggest avenues for
further research. Data are cross-sectional and self-reported, which may introduce bias
in expenditures and restrict causal inference. The geographic focus on a single secular
long-distance trail limits immediate generalizability, though the methodological workflow
is transferable. Future work should (a) validate cluster dynamics through longitudinal or
repeat-survey designs, (b) integrate ecological pressure metrics (visitor-based impacts on
trails and sensitive sites) to link monetary flows with biophysical outcomes, (c) complement
quantitative segmentation with deliberative and participatory valuation to capture collec-
tive and relational CES values, and (d) test economic-behavioural counterfactuals (e.g.,
changing accommodation mixes or promotion strategies) via simulation and stakeholder
co-design to assess distributional effects on local communities.

In sum, by converting experiential heterogeneity into quantifiable, policy-usable
outputs, the present study advances the operationalization of cultural ecosystem services
for historic-cultural itineraries. The combined use of robust mixed-data clustering and
expenditure modelling generates an evidence base that supports differentiated governance
measures aimed at maximising local economic benefits while mitigating seasonal and
environmental pressures.
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