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Globally, geodiversity and the associated ecosystem services it provides, are both under
threat from anthropogenic pressures and environmental changes. The UNESCO Global
Geoparks Programme was established to create protected areas that not only preserve
geodiversity but enhance human wellbeing and cultural heritage. Understanding the role
geodiversity plays in providing such ecosystem services is necessary for providing holistic
conservation priorities that ensure their sustainable use. Studies have extensively used
social media data to assess cultural ecosystem services, however, the photographic
viewable area, which demonstrates scenic or areas of interest, has been scarcely
evaluated. Studies often take crude measurements of viewsheds rather than isolating
viewed content. Here, we gather georeferenced images taken inside geopark boundaries
from the social media website Flickr as a proxy for aesthetically pleasing viewpoints. To
understand what landscape characteristics are visible from these viewpoints we calculate
viewshed analysis following the novel visual magnitude approach. The use of magnitude
viewshed provides a metric for visual relevancy compared to traditional viewshed
approaches that only provide a binary metric representing visible or non-visible. Here,
we find that the use of the visual magnitude methodology provides richer information about
what is visible than from traditional viewshed analysis. We find that aesthetically
appreciated views as inferred by social media within the Troodos Geopark, Cyprus, do
not only include natural features such as forest and water but are often related to
geodiversity and anthropogenically altered landscapes such as mineral extraction sites
and vineyards, for which the geopark is known. These results can help to inform
geoconservation practices with the goal of sustainable access and enjoyment of
aesthetic services.
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INTRODUCTION

Ecosystem services (ES), the material and non-material benefits
we gain from nature are threatened by a wide range of
environmental changes and anthropogenic pressures (Díaz
et al., 2018). Following the Common International
Classification of Ecosystem Services (CICES) (Haines-Young
and Potschin-Young, 2018), ES can be classified into three
main categories of services: provisioning, regulating and
cultural, while a fourth category of regulating or supporting
services facilitate their production. ES are produced through
our interactions with biodiversity (biotic nature) and
geodiversity (abiotic nature) (Gray, 2012; Fischer and
Eastwood, 2016; Fox et al., 2020b). Furthermore, geosystem
services (GS) are services that geodiversity generates in the
absence of interaction with biodiversity (Gray, 2012; Fox et al.,
2020b). For example, provisioning services such as rare earth
metals, construction materials and ornate materials; regulating
services such as thermal flows, geochemical cycles, and carbon
regulation (Van Ree and Van Beukering 2016). Furthermore,
geodiversity contributes to the non-material benefits associated
with cultural ecosystem services (CES). For example, natural
features like caves and mountains that add to the perceived
scenic or beauty of nature (Kubalíková et al., 2021), and
materials derived from geodiversity used as a building material
promoting a sense of place, e.g., liós, a distinct whitish limestone
used in the palaces and cathedrals of Lisbon, Portugal (da Silva
2019). Geodiversity and GS also contribute to knowledge
acquisition from features such as sediments and ice cores
(Gray 2012). However, research and management practices
tend to focus on biodiversity rather than geodiversity. To
target conservation efforts to areas of high scenic appreciation,
a better understanding of the aesthetic appreciation of
geodiversity is needed. This will enable a more complete
understanding of the aesthetic relationship between
biodiversity, geodiversity, and human features, and lead to
more holistic and management and conservation methods.

Several definitions of geodiversity appear in the literature often
flexible for and tailored to the study approach (Fox et al., 2020b).
Definitions have been inclusive of the diversity of all abiotic
nature (e.g., Benito-Calvo et al., 2009) as well as focused on
specific geological features (e.g., Ruban, 2010). Our definition is
inclusive of a broad array of abiotic nature including “features
and processes of geology, geomorphology, sediments and soils,
and hydrology” (Gray, 2013; Fox et al., 2020b). The variety in
definitions is also reflected in the different methods used to map
and measure geodiversity. Some studies use qualitative
approaches such as expert opinion or descriptive
documentation to measure geodiversity while others use
quantitative approaches such as geodiversity indices or
landscape metrics (Zwoliński et al., 2018). These methodology
approaches both have benefits and disadvantages, for instance,
qualitative studies are more easily repeated than qualitative
studies but are limited by the availability of suitable datasets
(Zwoliński et al., 2018).

As well as its values in contributing to ES and GS, geodiversity
has conservation value. Geodiversity and the ES it produces are at

risk of loss or destruction from environmental and anthropogenic
pressures, including urbanisation and climate change (Hjort et al.,
2015). While geodiversity conservation, or geoconservation, is
still not a widely known or accepted concept, often not a priority
in the nature conservation agenda (Crofts, 2022), in
2022 UNESCO formally acknowledged it by establishing an
annual International Geodiversity Day (6th of October). The
new annual International Geodiversity Day complements
previous efforts achieved through the UNESCO Global
Geoparks Programme, which aims to raise the profile of
geodiversity for geoconservation. Global Geoparks have an
expansive conservation mandate that not only includes
preserving geodiversity but also aims to benefit local peoples,
particularly through promoting the sustainable use of cultural
ecosystem services through geotourism (a form of tourism
analogous to ecotourism) and educational opportunities
(Prosser, 2013). Furthermore, involving Indigenous peoples
can benefit geoconservation efforts as their knowledge of the
land can help to provide meaningful input into conservation
plans and maintain Indigenous cultural values. For example, the
Stonehammer UNESCO Global Geopark, New Brunswick
promotes sustainable geotourism and education while
excluding members of the public from Indigenous sacred sites
(Slaymaker et al., 2020).

Recreational and geotourism activities may contribute to the
destruction and degradation of geodiversity features and
processes (Hjort et al., 2015), resulting in a decline in an
ecosystem’s capacity to generate ES (Fox et al., 2020b). For
example, increased footfall from tourism can exacerbate
erosion, non-compliance of geotourists leaving designated
pathways to touch geological formations can cause
degradation, while other geotourists may remove specimens
such as rocks and fossils from the site to keep as a “souvenir”
(Gray, 2008; Newsome and Dowling, 2018). Cases of geotourist
based destruction have been widely documented. In the Swabian
Alb UNESCO Global Geopark, Germany, trampling has caused
damage to fragile calcerous tufa rocks (Megerle, 2021), while in
the Bohemian Paradise UNESCO Global Geopark, Czech
Republic, sandstone rocks are often damaged by visitors
engraving into the rocks (Drápela, 2021). Furthermore,
mismanagement of geodiversity features such as modifying
specimens or destruction through infrastructure creation can
diminish the geoheritage value of the geodiversity features and
processes. For example, in the Wudalianchi UNESCO Global
Geopark, China, the installation of lighting and ice-carvings has
degraded the natural condition of the valuable permafrost lava
tube that originally attracted geotourists (Newsome and Dowling,
2018). Examples of geodiversity destruction are often due to poor
geoconservation strategies, however, even processes perceived as
destructive such as mining can be beneficial to the production of
geoheritage values if carried out in a responsible manner (Németh
et al., 2021a). Therefore, to ensure sustainable use, geodiversity
should be conserved in relation to natural processes, not just
preserved, requiring monitoring and active management (Burek
and Prosser, 2008).

As the aesthetic benefits of geodiverse landscapes are at risk of
degradation through a range of different actions there is a need to
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better understand the pathways from which aesthetic services
arise so we can best manage landscapes (Schirpke et al., 2016).
Aesthetic services are personal and unique to everyone and are
based on an individual’s emotional responses to their
surroundings (Figueroa-Alfaro and Tang, 2017). Due to the
personal aspect of aesthetic services, previous studies often
relied on surveys or interviews to untangle human-nature
relationships. However, obtaining biodiversity, geodiversity,
and social datasets useful for understanding these relationships
are often constrained by the high financial costs and time-
intensive methods associated with traditional data collection
techniques like intercept surveys (Wood et al., 2013).
Furthermore, biases may be introduced to social datasets
through the choice of collection methods, data processing and
analytical methods, for example, filtering the data based on an
author’s preconceived assumptions (Olteanu et al., 2019). Here,
social media datasets, such as those from Flickr, Twitter, and
Reddit, are an invaluable resource, due to their high spatio-
temporal resolution and the relative ease with which they can
be obtained (Fox et al., 2020a). In particular, social media datasets
are effective at assessing a range of cultural ecosystem services
including aesthetic appeal (Figueroa-Alfaro and Tang, 2017; Van
Berkel et al., 2018; Johnson et al., 2019); recreational activities
(Mancini et al., 2018; Graham and Eigenbrod, 2019; Fox et al.,
2021a); spiritual and religious beliefs (Thiagarajah et al., 2015;
Fox et al., 2021b); and identifying trends in geoeducation and
geoconservation at tourist attractions (Németh et al., 2021b).
However, not all social media posts are related to CES, for
example, posts may not pertain to interactions with nature
(e.g., photographs of food, text posts about a film), and where
posts are about interactions with nature, they may not reflect a
positive relationship (e.g., a picture of a fallen tree accompanied
text post about damage from a flood). Social media datasets may
therefore need classifying to better represent these positive
interactions between people and nature, with previous studies
filtering posts based on the content of images (Gosal et al., 2019;
Zhao and Han, 2021), or sentiment expressed in textual metadata
(Fox et al., 2021a). Here, we address sentiment in terms of where
the social media post reflects a positive attitude towards nature
(Johnson et al., 2021).

While Flickr data offer a geolocated photo and some form of
semantic description, these data do not establish the context
within which the observer is viewing. One method to establish
context and identify what that person sees around them is by
producing a viewshed analysis - a computational method that
determines what areas are visible from a given location. A
viewshed analysis provides a spatial representation of all the
areas an individual can see on the landscape by calculating the
360° area that is theoretically visible from a discrete location based
on the line-of-sight of a viewer and excluding points that are
obstructed by the terrain and other features (e.g., buildings, trees).
Innovative studies using social media data have assessed aesthetic
services using viewshed analysis (Figueroa-Alfaro and Tang,
2017; Van Berkel et al., 2018). Traditional methods of
viewshed analysis, however, are limited as they assume equal
visibility for near and far features as a binary (visible or not
visible) map, not accounting for the variability in an observer’s

view based on the surrounding landscape (Chamberlain and
Cook, 2019). To rectify this, visual magnitude enhances
viewshed analysis by calculating the amount of space that a
visible area occupies within the view of the observer by
quantifying the effect of slope, aspect, and distance of an area
relative to the observer (Chamberlain and Meitner, 2013). Visual
magnitude provides an absolute continuous value ranging from
0 to 1. A pixel with a value of 0 represents a pixel that is not
visible, while a pixel with a value of 1 would represent an area that
occupies 100% of the viewer’s perspective and therefore be the
only pixel visible. Values falling between 0 and 1 are
representative of the degree of visibility (Chamberlain and
Meitner, 2013; Chamberlain et al., 2015).

Data from Flickr has previously been used to assess the
relationship between geodiversity and cultural ecosystem
services (Fox et al., 2022), geoconservation (Németh et al.,
2021b), as well as aesthetic services (Figueroa-Alfaro and
Tang, 2017; Van Berkel et al., 2018). However, to date, no
such study exists that uses Flickr data to assess aesthetic
services where geodiversity or geoconservation are intersected
with the visual context the user engages with. Therefore, the aim
of this paper is to assess geodiversity’s role in aesthetic
appreciation using novel datasets and innovative
methodologies. We evaluate these methods for capturing these
complex spatial-visual interactions assessing both the validity of
using social media data and the information gained from
magnitude viewshed analysis. Our main objectives include:

• Objective 1: assesses whether the filtering of social media
data into different sentiments (pro-nature/irrelevant)
impacts on the representation of visible land cover

• Objective 2: understand whether the characterization of
land cover types and geodiversity is fundamentally
different between the traditional and visual magnitude
viewshed analysis

• Objective 3: evaluate which landscape characteristics
contribute to visually appealing views within the Troodos
Geopark, Cyprus.

METHODS

We use social media posts from the website Flickr as a proxy to
identify aesthetically pleasing viewpoints within the Troodos
Geopark, Cyprus. To test the added value of using the novel
magnitude viewshed analysis, we calculate and compare two
viewshed metrics; visual magnitude values (hence referred to
as visual magnitude viewshed) and the number of visible pixels
within each land cover (hence referred to as traditional viewshed).
Furthermore, we assess the impact of filtering social media posts
on the results drawn from viewshed assessments. Using these
results, we can infer which landscape characteristics are providing
aesthetically pleasing views.

Study Site
The Troodos Geopark, designated in 2015, is a 137,000-ha
protected area situated in central Cyprus (Figure 1).
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Predominantly dominated by mountainous terrain with an
elevation range of 1652 m, its highest peak is the famed
Mount Olympus at 1,952 m (Bukała et al., 2016) (Figure 2).
The geopark is characterised by its ophiolite complex where the
oceanic crust and the underlying upper mantle has been uplifted
and exposed above sea level (Bukała et al., 2016). Its designation
as a geopark is related to how this unique geology has shaped the

area’s landscapes. As part of its protective status, park
management is tasked with promoting sustainability and
education, focusing on the local geodiversity, flora, fauna and
mining practices from the region, while also providing a range of
tourism and recreational opportunities. For example, the visitor
centre has exhibitions on geological history and the abandoned
Asbestos and Chromite mines (Figure 2), while the wider park

FIGURE 1 | Location of the Troodos Geopark, Cyprus.

FIGURE 2 | Points of interest in the Troodos Geopark.
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has several hiking “geo-trails,” such as the Teichia tis Madaris
Geo-Trail and Artemis Geo-Trail, which highlight the
biodiversity and geodiversity of the region. There are also a
number of villages and hamlets within the park boundaries,
including Troodos, Argos and Ikos.

Social Media Data
Geotagged posts on social media websites are a good proxy for
aesthetically pleasing viewpoints (Figueroa-Alfaro and Tang,
2017; Zhao and Han, 2021). Therefore, to assess the aesthetic
benefits of the geopark, we mined photographs from the photo-
sharing site Flickr. Flickr is a popular photograph and video
hosting website, which has an Application Programming
Interface (API) through which metadata for images including
their georeferenced location can be gathered (flickr.com/services/
api). Images taken within the park between 1 January 2000 and
1 January 2022 were gathered using the park boundaries
(UNEP-WCMC IUCN, 2021). Data collection was carried out
in the R environment (R Core Team, 2021) using the
“photosearcher package” (Fox et al., 2020a). See
Supplementary Material S1 for a code snippet for Flickr data
collection.

Social media data is often messy and requires some pre-
processing (Ghermandi and Sinclair, 2019). Biases in the
distribution of photographs may be influenced by single users
taking multiple photographs at a single point, or from busier
urban areas. Biases by busy areas such as urban districts or single
users taking lots of photographs. Some authors have tried to
normalize the skewed distribution of Flickr data by transforming
visitation rates. (Németh et al., 2021b). While other studies clean
social media data using the “Photo User Days” (PUD) metric
introduced by Wood et al. (2013), filters social media data to
represent a single photograph per user per day. However,
applying the PUD metric across the whole study site means
that if a user travels around the park and takes photographs from
different areas on a single day these photographs would be
aggregated to only a single point. We, therefore, filtered the
photographs to represent a single photograph from each user
at each unique latitude and longitude. This did not add a
minimum distance between points as even slight changes in
elevation or location could drastically alter the potential view.
The final filtered dataset consisted of 2,227 unique georeferenced
images.

Textual sentiment analysis is often carried out using a
predefined dictionary, applying an emotional scale to a word.
For example, the AFIN dictionary (Nielsen 2011) rates words on
a scale of –5 to +5 while the NRC dictionary (Mohammad &
Turney 2013) attributes an emotion such as “fear” or “trust” to
different words. While this “word association” approach offers a
simple and transparent method for assessing textual sentiment,
the choice of dictionary can influence results and the polarity of
sentences. To solve these well-known issues, the “classecol” R
package (Johnson et al., 2021) applies 11 different dictionaries to
a piece of text to better calculate the expressed sentiment.
Furthermore, the sophisticated model of polarity better
captures the complexities of expressed sentiment by assessing
and accounting for the valence of the text including negators

(“e.g., “I am not happy”), amplifiers (e.g., “I am very happy”),
de-amplifiers (e.g., “I am not that happy”), and adversative
conjunction terms (e.g., “I am happy, but sad”). Furthermore,
leveraging the classecol package provides functionality to
classify whether a piece of text discusses nature in tandem
with the sentiment of the text. The text can therefore be
classified as: irrelevant (prose not about nature); positive-
nature (positive phrasing); positive-nature (negative phrasing
e.g., concern for nature); and against-nature. Here we applied
the “classecol” classifier to the text associated with Flickr images
assessing the title, tag and description contained in the
metadata. When a Flickr user posts an image, they
simultaneously add descriptors as part of the title, text, or
tags. The final classified photographs belonged to three of the
four “classecol” classes: irrelevant (n = 1605); pro-nature
(positive phrasing) (n = 611); pro-nature (negative phrasing)
(n = 11); and against-nature (n = 0). Subsequent analysis was
carried out on the pro-nature (positive phrasing) (hence
referred to as positive-nature) and irrelevant images, due to
the low instances of pro-nature (negative phrasing) and against-
nature images.

Environmental Data
To assess how landscape geodiversity contributes to the aesthetic
benefits of the park, we calculated the viewsheds for these
photographic points, then intersected these visible areas with
land cover maps. We assume that the land cover visible from the
topographically diverse area contributes both to the aesthetic
appreciation and overall experience of the landscape for the
photographer. Previous research suggests that geodiversity
generates biodiversity through habitat diversity, resource
availability and niche variety (Parks and Mulligan, 2010;
Bailey et al., 2017), which influences the functional trait
diversity and phylogenetic diversity of the area (Pepper et al.,
2013; Cheesman et al., 2018). While geodiveristy underpins
habitat diversity across a range of scales from landscapes to
smaller isolated systems such as caves (Hjort et al., 2015), it is
not always plainly visible. Furthermore, both the magnitude and
direction of geodiversity-biodiversity relationships are highly
context and spatially dependent, and it is therefore possible to
have higher biodiversity without high geodiversity (Ren et al.,
2021). Previous studies used land cover to calculate aspects of
geodiversity in spatial assessments (Jankowski et al., 2020), as well
as a proxy for aesthetic values (Van Berkel et al., 2018). We,
therefore, use landcover as a measure of aesthetic appealing
landscape characteristics generated by geodiversity features.
For our calculations, we used the Corine Land Cover (CLC)
2018 European land cover dataset (European Union, Copernicus
Land Monitoring Service, 2021), which has a minimum mapping
unit (MMU) of 25 ha, to understand which landscape
characteristics may be providing aesthetic values to geopark
visitors (Supplementary Material S2).

Visual Magnitude Viewshed Analysis
Viewsheds were calculated based on the image coordinates from
the metadata and a 25 m digital surface model (DSM) (European
Union, Copernicus Land Monitoring Service, 2021)
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(Supplementary Material S3). We limited our analysis to the
park boundary clipping the DSM to this area. While this may
have omitted distant landscape covers captured in photographs
and experienced by the photographer, a pilot test of visual
magnitude shows exceedingly minimal impact for these
features outside the park. The pilot test used a random subset
of 500 photographs and the full DSM of Cyprus. However, using
the full extent of the DSM greatly increased the time taken to
calculate the viewshed for each point without providing
additional information on aesthetics within the Geopark. Our
viewsheds analysis uses a novel technique that better describes the
visual magnitude of a location as described above. Magnitude
viewshed was carried out in ArcPro using the “magnitude
viewshed” plugin as described in Chamberlain and Cook
(2019). The magnitude viewshed plugin allows for two types
of outputs to be written: the visual magnitude viewshed for each
individual point and an aggregated mean visual magnitude
viewshed for a group of points.

This method is often computationally intensive, especially at
high resolutions. Research suggests that there are few accuracy
trade-offs in calculating viewshed at a lower resolution and
decreased computational time using visual magnitude (Hoffman
et al., 2021). To ensure that the resolution of the DSM did not
impact the results we varied the resolution analysis, resampling the
25 m raster to a 100 m cell using the nearest neighbour assignment.
We compared the value of overlapping pixels at each location using
the ratio of the covariance between the two layers divided by the
product of their standard deviations to test for spatial correlation.
Correlation of +1 represents a positive relationship (as the value in
a pixel at one location increases the corresponding pixel in the
other raster increases), 0 no relationship, and −1 a negative
relationship (as the value in a pixel at one location increases the
corresponding pixel in the other raster decreases) (Taylor, 1990).
Though this comparison showed virtually no variation between the
two rasters (correlation of 0.99962) and using the aggregated raster
would have had minimal impact on the viewshed analysis, we
chose to carry out the rest of the analysis using the original 25m
raster.

Objective 1: Impact of Filtering Social Media
by Sentiment
To test the association between different sentiments we calculated
the visual magnitude for positive-nature and irrelevant
photographs. For both classes of sentiment, we calculated both
the visual magnitude for each individual photograph and the
aggregated mean visual magnitude value for all photographs that
express that sentiment. We then calculated a spatially explicit
correlation between the two aggregated mean visual magnitudes.
The correlation was calculated using the ratio of the covariance
between the positive-nature and irrelevant photographs’ visual
magnitude outputs divided by the product of their SDs, with the
result potentially ranging from −1 to +1. To map these
relationships between the two layers, we classified correlation
classes: <0.35 as weak correlation; 0.36–0.67 as a modest
correlation; 0.68–0.89 a high correlation and >0.9 a very high
correlation (Taylor, 1990). We did not test for statistical

significance as it will likely show as significant regardless of
the correlation coefficient due to the large sample size
associated with the number of pixels (Taylor, 1990).

Areas of the highest visual magnitude across the entire site
were highlighted by classifying the mean visual magnitude into
two categories using the geometric intervals method (highest and
lowest magnitude values). This resulted into two maps, one
showing areas of high visual magnitude for positive-nature
photographs and one showing areas of high visual magnitude
for irrelevant photographs. We mapped the difference in
distribution of these highest magnitude value maps.

Objective 2: Effect of Viewshed Method
Land Cover Visibility
The calculated percentage of visible land cover could be influenced
by two factors, the method of calculating viewshed (sum of visual
magnitude versus pixel count) and the use of differently classified
points (positive-nature versus irrelevant). Therefore, to address
how land cover characterisation is impacted by choice of viewshed
method, as well the classification of textual sentiment we,
calculated a two-way ANOVA for each of the 26 individual
land cover classes. The response variable for the ANOVA was
the percentage visibility of that landcover class from each
viewpoint given the independent variables of viewshed method
and sentiment classification. As ANOVA tests are robust to the
deviation of normality (Blanca Mena et al., 2017; Schmider et al.,
2010), they have been a useful method of assessing non-normal
data in cultural service and landscape studies (e.g., Schlesinger
et al., 2020). We, therefore, analysed all data including those that
have non-normal distributions. Statistical significance alone does
not explain the size of the effect and therefore we calculated effect
size using the partial eta squared (ηp2). Partial eta squared has
previously been used in landscape preference research and allows
for comparison across studies (Lakens, 2013; Lindquist et al., 2016).

The characterization of land cover types when assessing
aesthetic services are often calculated or assessed in terms of
landscape diversity (Hermes et al., 2018; Albert et al., 2019). It is
therefore important to understand whether the method of
calculating visibility impacts diversity matrices. Here, we used
the positive-nature photographs and calculated land cover
visibility as a percentage (both the magnitude sum and pixel
count) for each individual viewpoint. We calculated diversity
using Simpson’s diversity index as it is a suitable method for
calculating land cover diversity using percentage cover
(Nagendra, 2002). Simpson’s diversity ranges from 0 to 1, with
scores closer to 1 indicating a higher diversity. The diversity
values calculated from the two methods (magnitude sum and
pixel count) were compared using a two-tailed t-test.

Objective 3: Landscape Aesthetics in the
Troodos Geopark
To assess which land cover types may be providing aesthetic
appreciation we assess visible land cover using social media
photograph locations in comparison to those available across
the park. Using the results of the two previous objectives, we
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can make an informed decision that using positive-nature images
and magnitude viewshed analysis will provide a robust
interpretation of aesthetic qualities. Therefore, we calculated the
visual magnitude for each individual positive-nature image, and
using the land cover data, summed the visual magnitude values
inside each land cover type. Using a two-tailed t-test, the
percentage of land cover visible from these viewsheds was then
compared against the true percentage that land cover type accounts
for across the DSM extent. As the results of a two-tailed t-test for
most land cover types indicated a significant difference, we further
investigated the direction of the effect - whether the significant
difference was due to the land cover percentage visible from social
media posts being less than or more than the percentage of land
cover for the entire area. For each land cover we calculated two
one-tailed t-tests: 1) a one-tailed less than t-test to assess whether
the percentage of land cover visible is less than the known actual
land cover coverage for the area and 2) a one-tailed more than t-
test to assess whether the percentage of land cover visible is more
than the known actual land cover coverage for the area. Where the
one-tailed less than test shows a significant difference, these land
covers are underrepresented by social media posts, and in those
where the one-tailed more than test was significant, these land
covers are overrepresented by social media posts. Our assumption
is that uploading images to Flickr reveals locations and features
that people perceived to be attractive and scenic. Comparing the
viewsheds at these locations with all other locations throughout the
geopark using a t-test indicates the reveals preferences for
landscape characteristics when given the opportunity to
photograph any landcover type. Furthermore, we extracted and
mapped the land covers associated with areas of high visual
magnitude for the positive-nature images (categorized into
highest and lowest values using geometric intervals).

RESULTS

Social Media Data
The relatively high number of positive-nature images and
absence of against-nature classes of images highlight a
generally positive sentiment in regard to the park’s
landscape aesthetics. The spatial distribution of the points is
similar across the irrelevant and positive-nature images,
indicating a possible spatial autocorrelation (Figure 3). A
high number of photographs were found in the
surroundings of Mount Olympus, as well as the visitor
centre and its mines. There were also a high number of
images near villages and hamlets.

Visual Magnitude Viewshed Analysis
Graphical comparison of the two viewshed analyses (traditional
and visual magnitude) indicates equal areas that are visible but
demonstrate substantially different contexts. In Figure 4, the
traditional viewshed analysis shows areas that are quantitatively
equally visible across the entire range, with some visible areas up to
6.7 km away. Whereas the visual magnitude indicates a gradient of
visibility across the range. The value of 0.36, shown as the darkest
green, indicates that a 25m cell occupies roughly 3.6% of the
viewer’s field of view. The value of 1.34e−9, shown as the lightest
green, indicates that a 25 m cell occupies a near-incomprehensible
percentage of the viewer’s field of view. At first glance, the visual
magnitude appears as though values decrease in relation to
distance. However, closer inspection reveals some areas further
away from the viewpoint are a darker green than areas closer.
These areas indicate that topography plays an important role
because the slope and direction of that cell are more apparent
to the viewer. In summary, the traditional viewshed is giving a

FIGURE 3 | Distribution of Flickr images captured within the Troodos Geopark boundaries, taken and uploaded between 1 January 2000 and 1 January 2022.
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substantially higher weight to the landscape at a distance that may
be imperceivable.

Objective 1: Impact of Filtering Social Media
by Sentiment
From the full viewshed average rasters (Supplementary
Material S4) there is a moderate/strong positive
correlation (0.68), suggesting that filtering photographs

based on textual sentiment can produce differences in the
calculated visual magnitude results. While aggregated visual
magnitude outputs for positive-nature and irrelevant
photographs share many areas of high visual magnitude,
there are specific differences between these classed values
(Figure 5). For example, both classifications of photographs
have a high visual magnitude in the southwest and east of
the park, while sporadic patches of high visual magnitude
from the positive-nature images can be found throughout

FIGURE 4 | Example comparison of visual magnitude and traditional viewshed. Map A is the output of the traditional viewshed for a single point. Map B is the output
of visual magnitude for a single point.

FIGURE 5 | Areas of the highest visual magnitude.
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the centre of the park, particularly surrounding Mount
Olympus.

Objective 2: Effect of Viewshed Method
Land Cover Visibility
Results of the 26 individual ANOVAs indicate a significant
difference between methods for calculating viewsheds
(traditional versus visual magnitude), as well as between the
image classes (positive-nature versus irrelevant) (Table 1 and
Figure 6). Methods of viewshed analyses resulted in more
significant differences than text classification type, with 20 out
of 26 land cover types being significantly influenced by
method and only five out of 26 by photograph classification.
Dump sites (e.g. commercial or industrial waste sites, including
waste rock sites), mineral extraction sites, non-irrigated arable

land and vineyards were statistically different across classification
and viewshed methods, while natural grasslands, olive groves,
pastures, and permanently irrigated land were not significantly
different in either. For land covers that have a significant value in
the method, this represents land covers whose visibility has been
calculated significantly differently when using either visualmagnitude
or traditional viewshed. Where land cover types are significantly
different across sentiment classification this suggests that the visual
magnitude of viewsheds of the positive-nature images have different
visibility photographs than those classed as irrelevant. As shown by
the partial-eta values for some of the significantly different land cover
findings there was a medium effect size introduced by the choice of
method. For example, for discontinuous urban fabric, 12% of the
variance is explained by the choice of the viewshed method. There
was however no large, medium or small effect size introduced by the
classification of sentiment.

TABLE 1 | Results of the 26 ANOVA tests.

Land cover
type

Sentiment class Viewshed method

f statistic p value partial eta f statistic p value partial eta

Annual crops associated with permanent crops 0.825 0.364 0.00 143.692 <0.001*** 0.03†

Beaches 0.014 0.906 0.00 85.294 <0.001*** 0.02†

Broad-leaved forest 1.256 0.262 0.00 4.283 0.039* 0.00

Burnt areas 1.687 0.194 0.00 43.599 <0.001*** 0.01†

Complex cultivation patterns 10.898 0.001** 0.00 0.055 0.814 0.00

Coniferous forest 10.204 0.001** 0.00 1.313 0.252 0.00

Construction sites 0.155 0.693 0.00 43.118 <0.001*** 0.01†

Discontinuous urban fabric 0.007 0.935 0.00 627.098 <0.001*** 0.12††

Dump sites 4.501 0.034 0.00 33.411 <0.001*** 0.01†

Fruit trees and berry plantations 1.176 0.278 0.00 92.180 <0.001*** 0.02†

Industrial or commercial units 0.507 0.476 0.00 89.916 <0.001*** 0.02†

Land principally occupied by agriculture 2.302 0.129 0.00 88.094 <0.001*** 0.02†

Mineral extraction sites 5.654 0.017* 0.00 27.870 <0.001*** 0.01†

Mixed forest 0.209 0.647 0.00 54.255 <0.001*** 0.01†

Moors and heathland 0.068 0.795 0.00 45.294 <0.001*** 0.01†

Natural grasslands 1.014 0.314 0.00 1.430 0.232 0.00

Non-irrigated arable land 4.108 0.043* 0.00 106.451 <0.001*** 0.02†

Olive groves 0.968 0.325 0.00 0.567 0.451 0.00

Pastures 2.682 0.102 0.00 1.545 0.214 0.00

Permanently irrigated land 0.040 0.841 0.00 0.584 0.445 0.00

Sclerophyllous vegetation 0.007 0.935 0.00 240.878 <0.001*** 0.05†

Sparsely vegetated areas 0.307 0.580 0.00 14.585 <0.001*** 0.00

Sport and leisure facilities 1.719 0.190 0.00 81.497 <0.001*** 0.02

Transitional woodland-shrub 1.815 0.178 0.00 350.009 <0.001*** 0.07††

Vineyards 7.307 0.007** 0.00 5.191 0.023** 0.00

Water bodies 1.572 0.210 0.00 6.941 0.008** 0.00

Both class and method had a significant effect

Only class had a significant effect

Only method had a significant effect

Neither class nor method had a significant effect

Significance: *p < 0.05, **p < 0.01, ***p < 0.001. Partial eta-squared: †small effect size, ††medium effect size, †††large effect size.
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The characterization of land cover diversity calculated by the two
methods (visual magnitude and traditional) show different patterns.
The two-sample t-test showed a significant difference in the
calculated Simpson diversity index depending on whether the

percentage of visible land cover was calculated using the sum of
the magnitude viewshed or purely the number of visible pixels (t =
24.53, df = 1200.7, p < 0.05). A test for skewness shows that using the
count of pixels results in left skew (−1.37) while the sum of

FIGURE 6 | Average land cover percentage aggregated across all viewpoints (mean + 1 SD). T̂extual sentiment class has a significant effect, *method of viewshed
has a significant effect.
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magnitude viewshed has almost no skewness (−0.08) (Figure 7).
Therefore, when using binary, visible or not pixel counts, there is a
higher calculated Simpsons diversity for land cover than when using
the sum of magnitude viewshed values.

Objective 3: Landscape Aesthetics in the
Troodos Geopark
The most dominant land cover classes across the extent of the
DSM were coniferous forests (41.85%), sclerophyllous
vegetation (15.02%), transitional woodland-shrub (8.47%),
land principally occupied by agriculture (8.29%), and
complex cultivation patterns (7.61%) (Figures 8, 9). The
results of the averaged viewsheds of the positive-nature and
irrelevant images using visual magnitude show different land
cover viewing compared to those dominant in the park. The
land cover types captured from positive-nature images were
coniferous forests (x�= 45.22%), discontinuous urban fabric
(x� = 15.85%), complex cultivation patterns (x� = 7.66%),
sclerophyllous vegetation (x� = 5.33%) and vineyards (x� =
4.25%) (Figure 7). Comparing these to the land cover
present across the DSM we find that discontinuous urban
fabric (x�= 15.85) and mineral extraction sites (x�= 2.73) are
more prominent, while mixed forest (x� = 0.005) and
Sclerophyllous vegetation (x� = 5.33) less prominent
(Table 2). Land covers such as natural grassland and
sparsely vegetated areas had no significant difference
compared to the total land cover.

FIGURE 7 | Land cover (mean + 1 SD) from positive-nature photograph viewpoints and actual percentage land cover across the study site.

FIGURE 8 | Density plot of Simpsons diversity indices across the sum of
visual magnitude values and pixel count.
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DISCUSSION

Big data from social media websites offer a unique way to study
the complex interactions between geodiversity, biodiversity and
people generated in Geoparks CES (Fox et al., 2021a). Here we
combined social media data from Flickr with the novel visual
magnitude approach to viewshed analysis in order to better
understand aesthetic CES in a prime example of a UNESCO
Global Geopark. By understanding which areas of the Troodos
Geopark have the highest associated scenic beauty, park decision-
makers can utilise these results to better inform targeted
geoconservation. For example, by understanding areas of high
associated aesthetic appeal, management plans can be developed
to ensure that these areas are not overused, damaging the
integrity of the area’s geodiversity and biodiversity and
associated aesthetic views (Clemente et al., 2019). The method
presented here is not only applicable for understanding scenic
areas from social media users’ photographic locations. It can also
be used to visualise the visual impact of proposed park
management, such as forestry or road construction, and
therefore help guide the mitigation of significant visual
impacts (Chamberlain et al., 2015).

Objective 3: Landscape Aesthetics in the
Troodos Geopark
By using visual magnitude, we have shown non-natural land
cover types such as mineral extraction sites and discontinuous
urban fabric are often visible from the locations social media
pictures are taken, particularly compared to the total land
cover across the study site. As with other studies, these results

demonstrate that urban areas may not negatively impact
aesthetic qualities, but instead may play a role in their
provision (Langemeyer et al., 2018; Zhao and Han, 2021),
offering a unique story or important history of development
within a geodiverse landscape. CES, including visual
aesthetics, are therefore not only produced by nature but
may also be co-produced by people, including through built
infrastructure (Fischer and Eastwood, 2016). These results
suggest that the people are not only visiting these areas for
natural scenic beauty but also are engaging with the social-
cultural aspects of the parks.

A major attraction of the Troodos Geopark is the number of
historic mines that showcase the unique geology of the area. As a
result of a potentially negative practice, these anthropogenically
altered landscapes in fact enhance aesthetic appreciation by
revealing the unique geodiversity features such as exposed
rock walls and water bodies (Bétard, 2013). Though these
mines do not represent a large percentage of the wider
landscapes’ total land cover, they are relatively highly
represented in the viewshed of photographs from social media
websites. Furthermore, the Troodos Geopark is known for local
wine production (Pijet-Migoń and Migoń, 2021), and the
overrepresentation of vineyards in social media views
demonstrate that they serve as CES benefit, e.g., aesthetic
views of vineyards coupled with experiencing cultural heritage.
Promoting sustainability in geoparks will not only require paying
attention to geodiversity but also providing economic stability for
local people, and these interactions of visitors and the social-
cultural park elements reinforce that local communities and the
local economy can benefit from geotourism and recreational
visitors (Sagala et al., 2018).

FIGURE 9 | Land cover associated with the areas of highest visual magnitude for the positive-nature images.
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Not all overrepresented land cover types were non-natural.
For example, coniferous forests had proportionally higher
visibility compared to the area’s total land cover. As with
previous studies, these results demonstrate that forested areas
can have a vital role in providing aesthetically pleasing
landscapes (van Berkel and Verburg, 2014; van Zanten
et al., 2014). We also found that water bodies had a
relatively high representation thus highlighting their
importance in providing aesthetically pleasing landscapes
(Schirpke et al., 2016; Van Berkel et al., 2018). This
difference in natural and non-natural land cover
representation aligns with previous studies that found
geopark visitors can be classified into two groups, “soft
visitors” those who visit geoparks for attractions such as
visitor centres and “hard visitors” those who visit geoparks
to explore areas of intrinsic beauty (Cheung et al., 2014).

Objective 2: Effect of Viewshed Method
Land Cover Visibility
Though the distribution of what is visible does not vary
between the visual magnitude and traditional viewshed
metrics, the additional data associated with visual
magnitude can provide an enriched understanding of what
people are looking at. The visual magnitude plug-in allows for
analysis of a single point (e.g., a viewing platform) or multiple
points along a line (e.g., along a trail), or multiple points across
a given space (such as here). By weighting visibility based on
visual magnitude, decision-makers can more accurately and
precisely determine areas of greater aesthetical importance
compared to the traditional viewshed, enabling them to
make more informed decisions regarding potential
alterations to aesthetic quality. For example, decision-

TABLE 2 | One sample t-test of land cover percentages from the visual magnitude viewsheds of positive-nature Flickr images and the percent land cover visible across
the DSM.

Land cover type Less than More than

t value p value t value p value

Annual crops associated with permanent crops −83.556 <0.001 *** −83.556 1.000

Beaches −3945.724 <0.001 *** −3945.724 1.000

Broad-leaved forest 1.011 0.844 1.011 0.156

Burnt areas −77.657 <0.001 *** −77.657 1.000

Complex cultivation patterns 0.061 0.524 0.061 0.476

Coniferous forest 2.001 0.977 2.001 0.023*

Construction sites −2124.619 <0.001 *** −2124.619 1.000

Discontinuous urban fabric 13.683 1.000 13.683 <0.001 ***

Dump sites −204.372 <0.001 *** −204.372 1.000

Fruit trees and berry plantations 4.524 1.000 4.524 <0.001 ***

Industrial or commercial units −308.483 <0.001 *** −308.483 1.000

Land principally occupied by agriculture −11.201 <0.001 *** −11.201 1.000

Mineral extraction sites 3.658 1.000 3.658 <0.001 ***

Mixed forest −121.662 <0.001 *** −121.662 1.000

Moors and heathland −393.365 <0.001 *** −393.365 1.000

Natural grasslands 0.194 0.577 0.194 0.423

Non-irrigated arable land −18.434 <0.001 *** −18.434 1.000

Olive groves −9.717 <0.001 *** −9.717 1.000

Pastures −194.461 <0.001 *** −194.461 1.000

Permanently irrigated land −2.933 0.002** −2.933 0.998

Sclerophyllous vegetation −15.973 <0.001 *** −15.973 1.000

Sparsely vegetated areas 0.310 0.621 0.310 0.379

Sport and leisure facilities 6.359 1.000 6.359 <0.001 ***

Transitional woodland-shrub −13.828 <0.001 *** −13.828 1.000

Vineyards 4.692 1.000 4.692 <0.001 ***

Water bodies 1.285 0.900 1.285 0.100

One-tailed t-test mean of visual magnitude significantly larger than actual land cover

Neither one-tailed tests significant, mean is not significantly different to actual land cover

One-tailed t-test mean of visual magnitude significantly smaller than actual land cover

df = 610 for all cases. Significance: *p < 0.05, **p < 0.01, ***p < 0.001.
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makers may reject proposed landscape management when
using the traditional viewshed for fears of it degrading the
view, but in reality, the area of proposed management may only
account for an infinitesimally small proportion of the viewer’s
field of view. This difference is likely to be introduced by pixels
closer to the viewpoint often being assigned a greater visual
magnitude weighting as land cover closer to the user will often
take up a greater proportion of the field of view (Chamberlain
and Meitner, 2013; Chamberlain et al., 2015).

Objective 1: Impact of Filtering Social Media
by Sentiment
The potential of using semantic analysis as a scalable
method for understanding CES is increasingly being
explored (Fox et al., 2021a). While the method seems
promising, its efficacy for understanding actual preference
has been scarcely investigated. Though others have found
little spatial autocorrelation between positive and negative
images at large scales (Fox et al., 2021a), our results
indicate that this may not be the case for all datasets
derived from Flickr. To better understand how social media
data can elicit information on CES, it is therefore imperative
that the relationship between positive and negative posts be
further explored.

Our tests that groups images into positive-nature and
irrelevant from the associated text show that sentiment
differences explain some differences in landscape
appreciation. Comparing the calculated percentage of land
cover visible from these different points in the ANOVA
tests indicated a significant difference between mineral
extraction sites and non-irrigated arable land. This was also
found when comparing land cover diversity between positive-
nature and irrelevant images. However, a significant difference
was not found for other land cover types e.g., beaches and
broad-leaved forests. Furthermore, there was no large
effect size when using positive-nature images compared to
irrelevant images. The importance of classifying social media
posts to better represent positive human-nature interactions
may therefore be context-dependent. As classification
methods can often be time-consuming or expensive (e.g.,
image content classification through machine learning
algorithms) (Fox et al., 2021a) the use of these methods
needs to be more carefully considered when assessing social
media data.

Finally, the importance of land cover diversity in aesthetic
appreciation calculated by previous studies (Hermes et al.,
2018; Albert et al., 2019) may have overestimated the
importance of diversity due to the simplistic measure of
“visible” or “not visible.” By filtering social media images to
represent positive human-nature interactions only, our results
have demonstrated that geopark visitors can still experience
aesthetic services in low diversity landscapes. Individual
landscape characteristics (e.g., sites of cultural heritage or
water bodies) may therefore be just as important in
determining aesthetic value as landscape diversity (van
Berkel and Verburg, 2014).

Limitations and Future Direction
Previous studies have incorporated broad spatial data, such as
geomorphological, geological and soil diversity, to assess
geodiversity-ES relationships (Alahuhta et al., 2018).
Though here land cover helped demonstrate border scale
landscape interactions, the use of land cover as a proxy may
not always be suitable for assessing ES as it often does not
untangle finer scale human-nature relationships (Eigenbrod
et al., 2010). To better understand the human-geodiversity
relationships in producing ES, future studies should apply
magnitude viewshed analysis to more explicit spatial
measures of geodiversity such as landform diversity as
demonstrated in Bailey et al. (2017). Furthermore, higher
resolution datasets could be used to better understand
smaller spatial scale interactions, including the use of
national or regional landcover maps. Understanding the
finer scale and more explicit relationship between
geodiversity and ES can help to inform more holistic
approaches to geoconservation (Alahuhta et al., 2018; Fox
et al., 2020b).

The use of social media data may be subject to biases
introduced by user groups (Langemeyer et al., 2018). Users
of different social media sites have different motivations for
uploading posts (Fox et al., 2021b), while education, gender,
age and access to technology can also influence who is posting
geotagged images (Clemente et al., 2019). Though different
sites have different user groups and motivations for use, this
study, as with the many studies that also only use one website,
only reflect the opinions of one group of people (Wilkins et al.,
2021). While previous studies have drawn parallels between
social media posts and other datasets such as visitation rates
and national statistics (Wood et al., 2013; Graham and
Eigenbrod, 2019), future research should continue to assess
the validity of social media data for CES research. Results of
this work should therefore not be used to generalize to a
population level but should be used to complement other
approaches to assessing aesthetic services. Furthermore,
these results may be influenced by the accessibility of
viewpoints. For example, studies assessing the distributions
of social media data in relation to CES studies found that
points may be influenced by the distance to facilities and
transport such as visitor centres and roads (Walden-
Schreiner et al., 2018; Muñoz et al., 2020; Arslan and
Örücü, 2021). There is concern that declining use of certain
sites or changes to the access of social media data may impact
future research. For example, there is an indication that Flickr
use may be declining; Instagram started preventing access to
data in 2018; and Panoramio was discontinued in 2016
(Wilkins et al., 2021).

Though the methods used here can only highlight areas of
aesthetic beauty based on the availability of social media images,
moving forward these results could be further implemented into
predictive models that can be used to forecast areas of possible
high scenic beauty that are not yet actualised by people. For
example, as social media data is presence-only many studies
have used maximum entropy modelling (MaxEnt) to plot the
potential distributions of CES from Flickr photographs
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(Richards and Tunçer, 2018; Walden-Schreiner et al., 2018;
Arslan and Örücü, 2021). These studies have used a range of
predictor variables such as vegetation cover and distance from
attractions. Moving forward, the outputs of visual magnitude
analysis could be used to train models to identify areas of
potential aesthetic services that incorporate geodiversity
variables (Fox et al., 2022). In doing so park managers could
create accessible routes to new areas that could alleviate
pressures of over-usage from other areas of the park
(Clemente et al., 2019).

CONCLUSION

The results of visual magnitude assessments can provide
insight into both where people visit for scenic beauty and
what they are viewing. Magnitude viewshed is advantageous
over traditional viewshed methods and can help provide a
more proportional measure of which landscape characteristics
are contributing to an individual’s aesthetic appreciation.
Here, we found that non-natural land cover classes such as
mineral extraction and vineyards sites were highly
represented in the viewshed of locations extracted from
social media data, but likely because of the geodiverse
context within which they reside. CES provided by
geodiversity can therefore have high social, cultural and
economic value, and the promotion of their sustainable use
through geoconservation initiatives such as the UNESCO
Global Geopark Programme is helping to ensure local
communities benefit from geotourism and recreational CES
consumption. Improving our understanding of the role of
geodiversity in these services could help to further promote
future geoconservation efforts. These insights can therefore be
used to inform geoconservation priorities within geopark
boundaries. Though this work has been applied to the
specific case of a UNESCO Geopark, the methodologies

used here are applicable to a range of contexts across
different spatial scales.
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