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Abstract Social media images are a novel source of data
to assess how people view and value the environment.
Access to these images is often free, the volume and spread
of images is expanding rapidly and hence they are an
increasingly valuable source of data complementing and
expanding on other data. Recently, coding images has been
used to assess sociocultural values relating to ecosystem
services including those provided by national parks. To
further explore the use of social media images, including
for remote environments, we analysed the content of
images posted to Flickr by people visiting a national park
that contains the highest mountain in the southern
hemisphere, Mt. Aconcagua, in Argentina, South
America. The saliency of aesthetic landscapes, recreation,
social relations and fresh-water provisioning was high
across the 334 images posted to Flickr by 104 visitors to
the Park, but location mattered. Images from visitors in
easily accessible day-use areas were significantly more
likely to include content that reflects biodiversity-
existence, geology, culture and education services, while
the content of images from remote areas was more likely to
reflect social relations and fresh-water provision services.
Comparisons of the content of images from Mt. Aconcagua
with other studies in Europe, South America, Asia, Africa
and Australia highlight similarities and differences in
people’s views of the diversity of locations, but also the
benefits and limitations of user-generated social media
content when assessing environmental and management
issues.
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INTRODUCTION

Nature, including in national parks, provides a myriad of
ecosystem services to humans (Costanza et al. 1997; Mil-
lennium Ecosystem Assessment 2005). These include
provisioning (e.g. fresh water, food, raw material, genetic
resources), regulating and maintaining (e.g. climate, water
quality, erosion, pollination, soil formation, nutrient
cycling, primary productivity, biodiversity) and cultural
ecosystem services (e.g. recreation and tourism, aesthetics,
education and research, spiritual and religious, and cultural
identity) (Millennium Ecosystem Assessment 2005; Stol-
ton and Dudley 2014; Haines-Young and Potschin 2017).

Mountain areas provide many of these services and
account for 32% of all protected areas globally (Grét-
Regamey et al. 2012; World Commission on Protected
Areas 2019). They are the source of the worlds’ major
rivers and play a critical role in water cycles by capturing
moisture from the air, storing it as snow or ice providing
water for agriculture, communities and industries down-
stream (Hamilton and McMillan 2004; Grét-Regamey et al.
2012). Mountains are also important centres of biological
diversity, providing refuge for many rare and endemic
plants and animals, and conserving rich assemblages of
species and ecosystems (Hamilton and McMillan 2004).
Many contain sites of great cultural, sacred or spiritual
significance (Bernbaum 2006) and are often popular tour-
ism and recreation destinations (Debarbieux et al. 2014).
Despite this, research on mountain parks, including the
ecosystem services they provide and how these are valued
by visitors, is sparse, particularly for remote areas where
research, monitoring and management is often limited both
by resources and capacity (Hamilton and McMillan 2004;
Grét-Regamey et al. 2012).
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An increasingly important challenge for the manage-
ment of mountain parks is assessing how visitors view and
value these environments including the ecosystem services
they provide (Martinez Pastur et al. 2015; Richards and
Friess 2015; Leung et al. 2018; Oteros-Rozas et al. 2018).
Previously, data on the views and values of visitors to parks
have been collected using surveys, choice experiments,
community consultation and focus groups, among others
(Newsome et al. 2012; Stolton and Dudley 2014). More
recently, data from social media have been used to address
important environmental and management questions
(Ghermandi and Sinclair 2019), including identifying how
visitors view and value natural environments and potential
ecosystem services (Oteros-Rozas et al. 2018; Teles da
Mota and Pickering 2018; Rosario et al. 2019).

Social media data have been used to assess the relative
popularity of different parks (Wood et al. 2013; Tenkanen
et al. 2017), as well as spatial and temporal patterns of
visitor use (Norman and Pickering 2017; Walden-Schreiner
et al. 2018; Norman et al. 2019). Recently, researchers
have started using social media data to evaluate how people
value natural environments (Calcagni et al. 2019; Gher-
mandi and Sinclair 2019). Much of this research leverages
data from the image-sharing platform Flickr (Calcagni
et al. 2019; Ghermandi and Sinclair 2019). For instance,
data from Flickr were used to assess spatial patterns of
ecosystem services in different landscapes based on where
images were taken (Martinez Pastur et al. 2015; Van
Zanten et al. 2016; Langemeyer et al. 2018). Studies have
also started to analyse the content of image to gauge how
people value natural environments (Richards and Friess
2015; Thiagarajah et al. 2015; Angradi et al. 2018; Haus-
mann et al. 2018), agricultural landscapes in Europe
(Oteros-Rozas et al. 2018; Tieskens et al. 2018) and
countries (Stephchenkova and Zhan 2013; Richards and
Tuncer 2018).

Although analysis of user-generated content from social
media is still a novel approach for addressing environ-
mental and management issues (Sherren et al. 2017), it has
already provided important insights, particularly in Europe
and North America. Yet, research from South America is
limited (Calcagni et al. 2019; Ghermandi and Sinclair
2019). The few studies from the region include Martinez
Pastur et al. (2015) who conducted a spatial analysis of
cultural ecosystem services in southern Patagonia using the
text and location of images posted on the image-sharing
platform Panoramio. They found that aesthetic, existence,
local identity and recreational values were common in text,
while locations with water bodies and tourism opportuni-
ties were important based on the geolocation of images.
Martinez-Harms et al. (2018) used geolocated images from
Flickr to assess visitor use (i.e. photo user days) of 65 parks
in Chile and compared the results with visitor numbers for
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32 of the parks. They assessed the effects of distances and
social inequality on visitation rates using the Flickr users’
home-location, obtained from users’ public-profiles, and
local-government socioeconomic data. Results indicated
that people from lower socioeconomic areas tended to visit
parks closer to them, while people from wealthier areas
travelled further. Walden-Schreiner et al. (2018) used
geolocated images for Aconcagua Provincial Park, in
Argentina, to look at temporal and spatial patterns of use.
This paucity of research using social media data in South
America also reflects the broader issue of a dearth of
research on monitoring and managing park-visitors in the
region compared to Europe and North America (Barros
et al. 2015a; Pickering et al. 2018a).

To further evaluate how social media data can be used to
assess how people view and value natural environments,
we analysed user-generated content created by visitors to
the highest mountain in the southern hemisphere, Mt.
Aconcagua in Argentina. The content of images posted to
Flickr by visitors to Aconcagua Provincial Park was used:
(1) to assess the relative popularity of different aspects of
the Park, and how they relate to ecosystem services, and (2)
how the content of the images differs between the easily
accessible day-use areas and the more remote areas of the
Park that are only accessible to adventure-based tourists.
Research has shown that the activities, values and attitudes
of day-use visitors to parks can differ from those of
adventure-based tourists who access more remote areas,
with important implications for management (Buckley
2006; Abbe and Manning 2007; Pierce and Manning 2015).
We also compared the results from Aconcagua Provincial
Park with those from 12 other locations where the content
of images from Flickr has also been used to assess visitor
views and values and associated ecosystem services.

MATERIALS AND METHODS
Study area

This study assessed images from Aconcagua Provincial
Park (~ 700 km?), an TUCN Category II protected area in
Argentina containing Mt. Aconcagua (6962 m a.s.l.). The
Park has high aesthetic, conservation, biodiversity and
cultural values and is the major water catchment in the
region providing drinking water and irrigation to over one
million people. However, monitoring and management of
the Park is severely limited by resources and research
capacity (Barros et al. 2015a).

As the Park is easily accessible from the international
highway linking Mendoza in Argentina, with Santiago in
Chile, it is relatively popular with approximately 41 000
visitors during summer (Barros et al. 2015a). Most visitors
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spend less than a day in the Park (35 000 people), going on
short walks or sightseeing in the Horcones Valley. This
valley is the main entrance to the Park and has a range of
infrastructure including a short public road, carparks, vis-
itor centre, self-guided 2-km circuit trail, paleontological
and archaeological sites and a park ranger station with
helicopter pad (Barros et al. 2015a; Walden-Schreiner et al.
2018) (Table 1; Fig. 1). In addition, about 6000 people in
summer access more remote areas of the Park on multi-day
trips, including attempting to summit Mt. Aconcagua
(15-20 day trip) (Barros et al. 2015b). During autumn,
winter and spring, remote areas of the Park are closed and
visitation is limited to the day-use areas of the Horcones
Valley, including the visitor centre and short walks. Pre-
vious research using geolocated images from Flickr found
that most images were taken during summer on trails, at
campsites, or at buildings such as the visitor centre, with
very few images taken in winter, and they were almost
exclusively in the Horcones Valley (Walden-Schreiner
et al. 2018).

Content analysis of images

Data were obtained from the popular social media platform
Flickr, which has over 65 million users, and over 10 billion

publicly available images on the platform (Smith 2018).
Flickr’s Application Programming Interface (API) and an
R script were used to retrieve metadata for publicly
available geotagged images taken in the Park between
November 2010 and July 2018. Metadata leveraged in this
analysis included when the image was taken, when it was
uploaded to Flickr, owner ID, number of views, image
URL, camera type and geolocation where the image was
taken (i.e. longitude and latitude). Data were written to a
comma-separated values (csv) file and imported into Excel
for analysis.

Before analysing the content of images, the total number
of images per visitor were capped. Specifically, the 10
most-viewed images per user were selected. This was done
to ensure that results did not over-represent the views and
values of prolific posters of images from the Park. Then
images were divided into those taken within day-use areas
of the Park or the remote areas using ArcGIS (version 10.5)
combined with management zonation GIS layers for the
Park. Images were also reviewed to ensure they were taken
in the Park, that they were still publicly available on Flickr
and that they were not duplicates posted by the same vis-
itor. The final 334 geolocated images (Fig. 1) were then
viewed online using the image URL from the metadata and
their content classified by one person using variables

Table 1 Important natural, cultural, tourism and recreational features within the day-use and remote areas of Aconcagua Provincial Park,

Argentina

Feature Day-use areas

Remote areas

Visitor centre Permits, toilets and interpretive material

Interpretative 2 km trail exploring natural and historic features
trail

Historic 3 (Puente del Inca Hotel Ruin, Crucified-Christ in Park entry,
buildings Hanging Wooden Bridge)

Lakes Two lakes (Horcones and Espejo)

River Two rivers (Horcones and Vacas)

Glaciers

Glacier)

Alpine meadows 10 Meadows. Total surface area of 0.10 km?

Distinctive rock

formation incrusted in big rock

Campsites and

park rangers including helicopter and rescue facilities

Recreation
activities and
services

Traditional Muleteers (mule/horse riders)
cultural
activities

Native flora 120 Species

Native fauna

Erratic-blocks, coloured-sedimentary formation, fossil shells

Basic-campsite next to car-park and the park rangers station

Includes trekking, walking, birdwatching, picnic, sightseeing
and helicopter use to move rangers and medical emergencies

5 (Incas Ruin, Ibafiez Refuge, Colombia Refuge Ruin, Hotel Plaza de
Mulas, Berlin Refuge)

Two glacier lakes near Plaza de Mulas Campsite
Four rivers (Horcones, Horcones Superior, Horcones Inferior, Vacas) with
trails next to and crossing the rivers, also glacial feed streams and springs

1 Visible glacier of 6 km? from day-use area (Horcones Inferior 242 Glaciers, total surface area of 82 km?*

40 Meadows. Total surface area of 0.43 km?>

Coloured-sedimentary formation of Aconcagua west face, landslides,
iconic formations that climbers clearly identify and use as meeting/
resting points

Seven campsites and three park ranger stations on Horcones route and five
campsites and three park ranger stations on Vacas route to summit

Trekking and climbing, medical service, rescue patrols, art gallery at
4300 m a.s.l. and helicopters used to move rangers and for medical
emergencies

60 Bird species and 11 mammals including puma, condor (Vultur gryphus), zorro colorado (Lycalopex culpaeus) and lamas (Lama guanicoe)
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Fig. 1 Aconcagua Provincial Park in Argentina showing location of images from Flickr taken in the day-use area and remote areas of the Park.

More images were taken within day-use areas than in remote areas (a), but images from remote areas were more popular online (b)
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reflecting features such as landscapes and geology, number
of people, activities, infrastructure, flora and fauna, using a
quantitative metonymic approach, where the features or
attributes in the image were classified based on their
apparent content (Stephchenkova and Zhan 2013; Sherren
et al. 2017). Using this approach, it was then possible to
statistically compare the content of images taken in the
day-use area—Horcones Valley—with those taken in more
remote areas of the Park. Each image could represent
multiple categories, so an image taken in summer, that
included the main summit, glaciers and four hikers on the
side of a trail looking at a camera represented nine cate-
gories including: summer, aesthetic, mountain range, gla-
cier, people present, number of people, trails, looking at
camera and activity (e.g. hiking and resting). Data for
specific variables including landscape, snow, storm, sunny,
mammals, birds, native flora, mountains, boulder, lake,
river, creek, glacier, hotel, railway, mules, walking, horse
riding, birdwatching, among others were then combined to
calculate the number of images that had content relating to
different types of ecosystem services in the Park (Table 2).
This was done using criteria/categories from previous
studies with similar aims (Martinez Pastur et al. 2015;
Richards and Friess 2015; Oteros-Rozas et al. 2018), which
were then slightly adjusted to reflect specific aspects of the
natural environment of the Park, and hence the types of
ecosystem services that it may provide.

To assess relationships among variables, exploratory
Categorical Principal Component Analyses (CATPCA)
were performed in the statistical software SPSS (version
25). The CATPCA analysis is analogous to Principal
Component Analysis (PCA), except that it is suitable for
categorical variables (i.e. nominal or ordinal) and non-
linear relationships. In CATPCA, variable categories are

transformed into numerical values and analysed as con-
ventional linear PCA (Linting, et al. 2007). Differences in
the image content from the day-use and remote-use areas of
the Park were also statistically tested using x* and ANOVA
tests at 95% confidence intervals. Results from Aconcagua
Provincial Park were then compared with results from 12
other locations where the content of Flickr images has also
been analysed to assess potential ecosystem services using
similar methodology.

RESULTS

There were 902 publicly shared geolocated images taken in
the Park and posted to Flickr by 111 visitors (Table 3). Of
these, most visitors (77%) uploaded less than five images,
with half of the visitors uploading only one image. Six
visitors uploaded more than 30 images, including 1 person
who uploaded 151 images from the Park. After capping the
number of images per visitor at 10 and confirming that the
content of the images was within the Park, 334 images
posted by 104 visitors remained for further coding. On
average, these images were viewed 287 times each
(SD =4 830) with a total 95 899 views (Table 3). Most of
the images were taken in summer (64%), or autumn (21%),
with few images in winter (4%) or spring (11%). Those
posting the images to Flickr about the Park tended to use
dedicated digital cameras (78%), although some (22%)
used mobile phones with cameras. The average number of
images of the Park per year was 37, with a minimum of 5
taken in 2010 and a maximum of 72 in 2012.

Natural landscapes appeared in many images (62%),
including mountains (39%) and glaciers (43%) (Table 4).
In contrast, there were few images of specific plants,

Table 2 The types of ecosystem services relating to the specific types of content of images on Flickr taken in Aconcagua Provincial Park,

Argentina

Ecosystem service Definition

Examples in Aconcagua

Aesthetic Sites of particular beauty

Existence/biodiversity

The intrinsic value of nature and biodiversity.

Natural landscapes

Fauna and flora, alpine meadows

Belief that all species are worth protecting

regardless of their utility
Provision: geological
Provision: fresh water
Culture and heritage
Recreation Outdoor recreational activities

Tourism and recreational infrastructure

Education
animal species
Social relations
friends

Sites relevant to local history and culture

Sites serving as meeting points with people/

Distinctive/iconic rock formations
Snow on ground, rivers, lakes, alpine meadows, glaciers
Historic buildings, historic railways, folk-muleteers, mules

Activities: trekking, walking, birdwatching, sightseeing,
camping, climbing

Infrastructure: visitor centre, trails, campsites, tents, refuges

Sites that widen the knowledge about plants and Information signs, visitor centre, interpretative trails

Hotel Plaza de Mulas, Campsites, visitor centre, tents, refuge
and selfies and group photos

© Royal Swedish Academy of Sciences 2019
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Table 3 Number of geotagged images taken in Aconcagua Provincial Park, Argentina and uploaded to Flickr between November 2010 and July
2018. To avoid bias, images were capped at a maximum of 10 per visitor

Total Analysed Day-use Remote Summer Autumn  Winter Spring
Number of images 902 334 214 (64%) 120 36%) 214 (64%) 69 (21%) 14 (4%) 37 (11%)
Number of visitors® 111 104 79 (716%) 33 (32%) 60 (58%) 28 (27%) 10 (10%) 16 (15%)
Total views 216 066 95 899 33535 62 364 79 458 7670 2201 6570
Average views per image (min—max) 240 (0-6399) 287 (0-6399) 157 520 371 111 157 178
Average images per visitor 8 3 3 4 4 2 1 2

“*Percentages and number of visitors when divided into categories can add up to over 100% and sum up to over 104 as some visitors posted

images from both day-use and remote areas of the Park and took images in different seasons

animals or buildings and cultural features such as the vis-
itor centre, park entrances, or ranger facilities. Ecosystem
services associated with the content of the images included
aesthetic (87%), fresh-water provisioning (65%) and
recreation and tourism activities (64%). Although the Park
is known for high biodiversity and significant cultural and
geological values, images with content related to biodi-
versity (20%), cultural heritage (11%) and iconic geolog-
ical features (11%) were not common (Table 4).

There were differences in the content of images between
the day-use and remote areas of the Park (Table 4; Figs. 2,
3), reflecting variation in the locations and how they are
valued by visitors (Table 1). For instance, images in the
day-use areas were more likely to include content relating
to biodiversity-existence, geology and education ecosystem
services (Fig. 3). They were also more likely to focus on
features such as the single peak of Mt. Aconcagua, his-
torical structures, recreational trails and activities including
walking and birdwatching. In contrast, images from remote
areas were more likely to contain content relating to social
relations and fresh-water provisioning ecosystem services
(Fig. 3). For example, images were more likely to show
mountain ranges, glaciers, rivers, campsites, tents and
people looking directly at the camera (Table 4).

DISCUSSION

Images from Aconcagua Provincial Park posted on Flickr
represent many of the places, objects and experiences
valued by visitors and reflected what some visitors share
publicly. This study adds to the emerging literature about
how images and texts from social media expand the types
of data available to assess visitors’ views and values of
natural environments, including in parks. This includes
how image content can relate to potential ecosystem ser-
vices (Calcagni et al. 2019; Ghermandi and Sinclair 2019),
especially for regions where other data-sources are limited
(Barros et al. 2015a; Pickering et al. 2018a).
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Differences in visitors’ views and content relating
to ecosystem services in Aconcagua Provincial Park

The differences between the images taken in Aconcagua
Provincial Park within day-use and remote areas are likely
to reflect differences in what can be seen in these areas,
what can be visualized/interpreted from the content of the
images and potential differences in what visitors to the two
areas value. Other studies have also found spatial differ-
ences in potential ecosystem services based on image
content analysis (Stephchenkova and Zhan 2013; Richards
and Friess 2015; Oteros-Rozas et al. 2018; Richards and
Tuncger 2018; Clemente et al. 2019).

Although services, including recreation, were equally
important in both day-use and remote areas of Aconcagua,
the types of recreation activities differed. Walking was
more common in day-use areas and camping was only
captured in images from remote areas. Interestingly, some
other activities were rarely shown in images including
climbing, despite many visitors to remote areas attempting
to summit Mt. Aconcagua. Some features were location
specific. For example, education services were represented
by images of historic buildings, the visitor centre, inter-
pretive trails, the main summit view point, and other
interpretive signs, and these features were nearly entirely
restricted to the day-use areas.

There were few images from Aconcagua Provincial
Park of animals in either the day-use or remote areas. The
few animal images were of introduced mammals, specif-
ically mules and hares. The absence of native mammals in
images may be because guanaco (Lama guanicoe), Zorro
colorado (Lycalopex culpaeus), puma and other species
avoid areas used by visitors (Barros et al. 2015b). Fur-
thermore, although the Park has over 90 species of birds,
there were very few images of the iconic Andean condor
or other large birds, probably due to the difficulties in
photographing them. Where there were images of birds,
they were mostly small birds that nest on the ground,
close to campsites.

© Royal Swedish Academy of Sciences 2019
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Table 4 Results of the content analysis including potential ecosystem services represented in images taken by visitors to Aconcagua Provincial
Park, Argentina. Clear = % test could not be applied, due to small numbers in one of the cells, but differences between day-use and remote-use
areas were clear

Content of images Total n = 334  Day-use area n = 214  Remote area n = 120 y° Tests

Ecosystem services related to the content of images

Aesthetic 289 (87%) 188 (88%) 101 (84%) 0.895, p = 0.344

Biodiversity-existence 68 (20%) 53 (25%) 15 (13%) 7.135, p = 0.005

Provision geology (rock formations) 37 (11%) 33 (15%) 4 (3%) Clear

Provision fresh water 217 (65%) 137 (64%) 80 (67%) 0.237, p = 0.626

Culture and heritage 37 (11%) 23 (11%) 14 (12%) 0.066, p = 0.797

Recreation 215 (64%) 137 (64%) 78 (65%) 0.032, p = 0.857

Education 102 (31%) 97 (45%) 5 (4%) Clear

Social relations 148 (44%) 74 (35%) 74 (62%) 22.861, p < 0.001
Detailed features in images

Landscape 280 181 99 0.245, p = 0.364

Mountain (singular) 131 97 (45%) 34 (28%) 9.314, p = 0.002

Mountain range 145 83 (39%) 62 (52%) 5.193, p = 0.015

Fauna 26 16 10

Mules and hares 9 5 4
Birds 17 11 6

Flora (only natives shown) 6 6 0

Sources of fresh water 196 128 68 0.314, p = 0.328

River 15 9 6

Creek 3 3 0

Lake/lagoon 48 45 3

Glacier 142 80 (37%) 62 (61%) 6.418, p = 0.008

Meadow 42 37 5

Snow on ground 45 16 29 18.372, p < 0.001
Infrastructure and facilities

Hotel Base Camp Mulas 2 2

Railway 13 13

Historic building 15 13 2

Visitor centre

Carpark

Park entry

Trails 101 91 10 42.605, p < 0.001

Durazno Bridge 1 1

Aconcagua view point 22 22

Summit-from-summit 0

Campsites 18 0 18 Clear

Tents 32 0 32 Clear

Mountain refuges 0 7

Helicopter 1 1

Park rangers 1 1
Recreational activities

Trekking 52 47 5 Clear

Walking/hiking 32 32 0 Clear

Horse riding 2 1

Photography 5 2

Birdwatching 3 0

Sightseeing 18 6 12 Clear

© Royal Swedish Academy of Sciences 2019 )
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Table 4 continued

Content of images Total n = 334 Day-use area n = 214 Remote area n = 120 3(2 Tests
Yogal/stretching 3 1 2
Camping 23 0 23 Clear
Posing 59 30 29 5.444, p = 0.015
People
Selfie 6 3 3
Group looking at camera 18 10 3.184, p = 0.065
Group walking off camera 50 28 22 1.664, p = 0.130
Portrait looking at camera 35 19 16 1.627, p = 0.138
Portrait looking away 12 7 5 0.178, p = 0.444
Number people in focus
#1 61 33 28 ANOVA F =0.718, p = 0.399
#2 20 13 7
#3 6 2 4
#4 3
#5 2 1 1
Number in background
#1 50 22 28 ANOVA F =1.284, p = 0.187
#2 26 15 11
#3 10 6 4
#4 7 4 3

Provision
Geological

Education

Culture

Existence

Biodiversity, Recreation

Relations

Provision
Fresh water

Remote use
visitors

Fig. 2 Distribution of potential ecosystem services relating to the
content of the 334 images taken by visitors in the day-use and remote
areas of Aconcagua Provincial Park, Argentina based on the results of
Categorical Principal Component Analysis. Variable projections
represent the relationship among them with those close together
positively related and variables at 90° angle not related to each other.
Cronbach’s o = 0.752 and total variance explained 37%

@ Springer

There was a greater emphasis on images showing social
relations in remote areas, despite far fewer people access-
ing these areas. It is possible that adventure tourists may
focus on people in their images as they want to capture a
shared experience in remote locations, where adventure
tourists are often motivated by connectedness in extreme
conditions as part of transformative experiences (Buckley
2006).

Comparison among studies using social media
to assess potential ecosystem services

The content of Flickr images has been used to evaluate how
people view and value nature in Africa, Europe, Asia,
Australia and North and South America (Calcagni et al.
2019; Ghermandi and Sinclair 2019). This includes studies
at a range of spatial scales from as small as 1.4 km? for
areas of mangroves in Singapore to the whole country of
Peru, and covers a range of landforms and land uses such as
mountains, coastal areas, savannahs, agricultural and urban
areas (Table 5).

Among the studies, there was variation in how data were
obtained and coded. For instance, some studies retrieved
image-metadata based on keywords within the image tags
while others retrieved images located within defined poly-
gons based on the geolocation of the images (Table 5). In

© Royal Swedish Academy of Sciences 2019
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Remote use
visitors
+ Campsites
Tents
Mammals
Rivers
Mountain
range

Birds

Mountains
(singular)

Glaciers

Aconcagua
view point

Native flora
Trails

+Day use
visitors

Lakes/Lagoons

Meadows

Fig. 3 Features seen among 334 images taken in day-use and remote areas of Aconcagua Provincial Park based on the results of Categorical
Principal Component Analysis. Variables’ projections represent the relationship among them with those close together positively related and
variables at 90° angle not related to each other. Cronbach’s o = 0.836 and total variance explained 34%

some studies, images were only assigned to single cate-
gories, while in others single images could represent multiple
categories. Most studies coded images manually, except
Richards and Tunger (2018) who used machine learning. In
some cases, it was not possible to directly equate the cate-
gories used in the different studies due to differences in
definitions, coding and locations. However, preliminary
comparisons could be made relating to the frequency and
types of values associated with ecosystems services repre-
sented in social media images from different landscapes.

Landscapes were common both in the content of images
among locations and in coding categories within studies
(Table 5). In several cases, landscapes were treated as
equivalent to aesthetic values including in this study,
Clemente et al. (2019), Richards and Tunger (2018) and
Pickering et al. (in press) (Table 5). Landscape features,
such as mountains, lakes or oceans, were popular in images
despite often accounting for a small proportion of the total
area of the location. For instance, in Aconcagua Provincial
Park, glaciers and lakes were popular in the images (42%
and 14%, respectively) even though they account for only
15% of the Park’s land area. This is also the case for the
peak of Mt. Aconcagua, which was common in images
(39%) although it represents a relatively small area and it
can only be seen from a few places in the Park.
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The presence of people in images reflects differences in
visitors’ values and perceptions of the places they visit
(Stephchenkova and Zhan 2013). In more remote protected
areas where few people live, most images show fellow
tourists, and hence the presence of people in images is
equivalent to tourism activities (e.g. Aconcagua Provincial
Park, Kosciuszko National Park, Kruger National Park).
The dominance of images of tourists in these parks varies
and can be quite low even though visitors may be sharing
places with hundreds of others such as in Kosciuszko
National Park (Pickering et al. in press) (Table 5). In urban
areas, images of people may still predominantly represent
recreation (e.g. Spit, Gold Coast), but they can also show
locals engaged in day-to-day activities (e.g. Peru). In some
cases, images of locals may represent cultural values
reflecting apparent difference in ideas, customs or social
behaviour with those of tourists (Stephchenkova and Zhan
2013). In some studies, images were coded to indicate if
people were looking at the camera and hence could be
recognized (e.g. Aconcagua, Spit, Kosciusko, Kruger).
This may reflect people’s personal history, where seeing a
person in a place is important. Although authors included
‘selfies’ in most image classifications, there were few if any
selfies in most studies (e.g. Aconcagua, Spit, Kosciusko).
Such images may be more common on other social media

@ Springer



Ambio

(%) sonnqioey

wsLINo}
AN 91 VN 76 (44 VN (4% 9¢ pue uoneaIdsy
(%)
sonianoe syods
pue WsLNo)
gce Lvy Lot vy 601 SC ~ S (43 9¢l [43 8¢ 8¢l LT ‘UonEAIY
(%) K103814
¥ I've 0c TLI 21! g~ €0 VN €0 <l VN 9Ly 1T /eSeiuey/emminy
G8l I're el e I'6 AN VN S8 VN 6¢ Sy 9°0¢ 9¢ (%) erdoeq
(%) (20USIX
-KIISIOATPOIq)
[ewrue
VN VN VN VN VN 61 ~ S8 9'¢C £6¢e 6¢l 981 8l 0¢ 10/pue jue[d
14 9ce 0c 8718 1'6S 8C ~ AN AN AN a8 L8 AN S9 (%) sa1poq 11
(%)
9¢ ¥ or I've 8l ¢ ~ AN AN AN 0¢ AN AN 11T SUONEBULIO} YO0y
(%) (onowsar)
VN VN VN VN VN 09 ~ 144! §'oc ¥'08 VN AN L8 adeaspuery
({98ewr
1od K1039180
SIS IAY [[B 10J SOA ON SOA ON ON SOA SOA SOA SOA QU0 UBY) IO
So11039180
Y4 9 LS L L 69 0L 0¢ 6L Jo IaqunN
00C SI 00T 8¢ C 8LET L6SY 8¥0¢€C L 9¢9 cov 00¢ yEe seSewl jo requinN
SOJIS 9AY [[e 10J BIepoon) BJepoIn BJEPOOL)  BJEPORD)  BIEPOAD) ejepoon IXQ], 1X9], ejepoon Pa109[[09 Bl
oL}y
pUR[IOZ)IMS  Uopam§  uredS 9000210 BIUO)SH [esSmiog ymmos  arode3urg  arode3urg BI[ENSNY  RI[BI)ISNY nRgd  eunuadly Anuno)
yee Ly €81 98 91 S09 S8Y 61 L ¥l 00¢ [4 uorqiur €71 00L (;uny) vare jo az1g
ueqin
pue ueqin
amsed ourdyy ‘udy udy  udy udy [eIsE0D)  UBUUBABS ADPSON [eIse0)  UIBIUNOIN [eIseo) J[qelieA  UIBJUNOJN 9SN pUB[/WIOJpPUET
JIed [einjeN yred SIS 180D yred
1sdiod  BUNUADIA ©)SOD) pue [euoneN Qaor3uewr eary ouldy pPIoD [e1ouTAOIq
[euowwisioqQ pueiddn) pupejy SoAseT  oye ouelojuoly Qiseopng 10801y e1odeSurg mog oyzsnwsoy dg oy, nd endeouody uonedso]
(8102)
(8102) Todung, (S100) (ssaxd  (q8102) (€100)
6102) SR pue SsoL{ pue ur) ‘Te 19 JLRE) ueyyz pue
(8107) 'T& 12 SBZOY-S010 ‘e 10 QUOWR[) uuewsneH  SPIRYOrY  SpIeyory  Suuoyold Suuayold eaoyuoyoydels - Apmis siyp,

woy) syuasardar aIn3y-1eq © INq UIAIT Ik sanfea Joex?d ou 1oded oy ut se  ~ , orewnrxorddy -ormnoude = U3y 910y PapNoul aIom sagewll IOI[] WOIJ elep ay) A[uo
{(810T 'Te 12 seZOY-S012)Q ‘81T ‘Te 12 uurWwISNeH ¢ [07 UBYZ pue AONUYOYdalS) suuiopield [e1aaas woij saSewl pasn 1aded  a1oyy “1oded o) woiy pejoenNX? 9q JOU P[NOd AN[eA 24 JBY) Aem ©
[ONs Ul PAUYOP 2JoM [OIeasal Y} Ul Pasn sALI0SI)ED ) Se Q[qe[IeA. JOU = YN "UONEOO] Y} 0} JUBAJ[I JOU JO PIPIOIAI JOU = YN "SUONEIO] oY) JO SAINJLJ JAYI0 PUE SIJIAIIS WIISASOOI [BINI[NO
renuojod 03 $9JB[I JUAIUOD AFLWT MOY PUE SIOJISIA JO SON[BA PUB SMIIA ) SSISSE 0] PISN Sem SFewll DI JO JUAUOD Y} AIAYM SUONEBOIO] €] SSOIOR YOILISAI JO SINSAL AY) Jo ATewiwing ¢ d[qe],

© Royal Swedish Academy of Sciences 2019
www.kva.se/en

pringer

A's



Ambio

Table 5 continued

Oteros-Rozas et al. (2018)

Hausmann Clemente et al.
et al.

(2018)

Richards
and

Richards

This study  Stephchenkova Pickering Pickering

(2019)

and Friess
(2015)

et al. (in

press)

et al.

and Zhan

Tuncer
(2018)

(2018b)

(2013)

Lesvos Madrid Uppland Obersimmental

Sudoeste Alentejano Lake
and Costa Vicentina

Kosciuszko Four Singapore Kruger
Natural Park

The Spit
Gold

Aconcagua Peru

Provincial
Park

Location

Peipsi

National
Park

Alpine Area mangrove

sites

Coast

NR

10.8

31

Education/

research (%)

Social (%)

20 30.2

6.7

17.2
35

50

NA

NA
NR

44
NR

20.1

13.6

NR

NR

NR

NR

Spiritual (%)
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platforms such as Facebook, Instagram and Snapchat
where images are more likely to be directly shared within
social groups or used to market popular identities.

For recreation and tourism activities there are obvious
differences among locations. Interestingly, the frequency
with which an activity is shown in images does not always
match reality, with some types of activities more common
in images than in reality, or missing entirely from images
(Pickering et al. 2018b). For instance, there were few if any
images within the visitors centre at Aconcagua Provincial
Park despite its popularity with tourists, while for the Spit,
Gold Coast, of the 35 recreation activities known to occur
on the Spit, many were not seen in any images (Pickering
et al. 2018b).

Some studies separate recreation into activities and
facilities, such as in Aconcagua, Spit, Mt. Kosciuszko and
Peru, while others may have recorded activities and facilities
separately to start with, but then combined them when cal-
culating overall human activities/tourism (Hausmann et al.
2018). A wide range of different types of facilities were
recorded across the different studies including accommo-
dation (i.e. hotels, huts, tents), transport (i.e. trolley cars, tour
boats, trails, boardwalk) and others (i.e. viewpoints, visitor
centres, information boards, surf lifesaving structures, pools,
toilets) (this study, Stephchenkova and Zhan 2013; Richards
and Friess 2015; Pickering et al. 2018b; and Pickering et al.
in press). Culture, heritage and history services were coded
in several studies, but they represent different contents
including different types of historical buildings, ruins,
monuments, monasteries, fortresses and/or burial sites.
Sometimes, historical services was combined with cultural
services when there were images of people engaged in
cultural and other activities reflecting their way of life.

Most studies assessed if images included animals and
plants (Table 5). This was considered to reflect existence
values, or nature appreciation in some studies. The frequency
with which images presented specific plants and animals
varied among locations ranging from 14% for the Kosciuszko
Alpine Area in Australia to 84.5% in images from Kruger
National Park in South Africa. A diversity of animals was
shown within and among locations, but most often they were
larger mammals or birds, while images of small mammals,
reptiles, amphibians or arthropods were rare (Table 5).

The frequency of images showing animals partly
depends on how easy it is to capture an image of the animal
and this is affected by the size of the animal and its beha-
viour (Castley et al. 2013). For example, bigger herd
mammals active during the day are easier to photograph
than smaller, solitary and/or nocturnal species (Castley et al.
2013). For Flickr and other social media platforms, the
frequency of different types of animals in images is affected
by the preferences of those posting and sharing images and
reflect the animals ‘value’ in a specific context (Willemen

@ Springer



Ambio

et al. 2015; Hausmann et al. 2018). For instance, images
from protected areas can often include iconic species such
as elephants and lions in South Africa (Hausmann et al.
2018) or llama, alpaca and condors in Peru (Stephchenkova
and Zhan 2013). They may also show animals that are
integral to tourism such as mules in Aconcagua. In agri-
cultural and urban areas, images may include domesticated
as well as native animals (Stephchenkova and Zhan 2013;
Oteros-Rozas et al. 2018). This could include recreation
images such as dogs being taken on walks (Spit, Gold
Coast), or reflecting the nature of landscapes such as images
of livestock (Oteros-Rozas et al. 2018). Individual plants
tend to be uncommon in images in contrast to broad vege-
tation types (e.g. forests, mangroves, lawns, pastures). As
with animals they can have different meaning, such as
native plants in protected areas (Aconcagua, Kosciuszko),
compared to agricultural landscapes which may represent
traditional land uses (Oteros-Rozas et al. 2018).

Many ecosystem services would be hard to capture in
images and/or are difficult to code and categorize. This
remains an important limitation of the method. This limitation
applies particularly to supporting ecosystem services such as
soil formation, nutrient cycling, primary productivity, genetic
resources, pollination, wellbeing and cultural services such as
peace. It is also possible that visitors do not know about these
types of values, or do not value them even if they know about
them. There may also be issues due to a disconnect between
the ‘gaze’ of the person taking and posting the image and that
of the coder (Stephchenkova and Zhan 2013).

An obvious example is spiritual values that are hard to
code when it is not associated with specific content such as
objects (e.g. churches, temples, monuments) or activities
(e.g. religious ceremonies, people in prayer). Many loca-
tions embody spiritual values beyond those including
sacred landscapes, mountains and rivers, caves and indi-
vidual trees or where people have a sense of attachment to
specific places (Oteros-Rozas et al. 2018; Wartmann and
Purves 2018). In some cases, there can also be overlaps
between spiritual, cultural and historical services wherein
the same object, such as a tomb or temple, which may
reflect culture to some people and spiritual values to others.
In coding the content of images, we and other researchers
have used a metonymic interpretation of images that reflect
specific ‘norms’ of interpretation, while Flickr-users taking
and sharing images may ‘see’ the images from a meta-
phoric perspective ascribing meaning not apparent to the
coder (Stephchenkova and Zhan 2013).

Management implications
Social media as a mean of communication is increasingly

popular with people sharing news and experiences, as well
as using social media to gain information about places and

@ Springer

plan their trips (Miller et al. 2019). This provides managers
with opportunities to reach a broader audience, communi-
cating their purpose, functions and opportunities to local
residents and tourists. Protected areas managers and tour-
ism agencies can use the knowledge gained through the
analysis of user-generated content, including images and
text, to better understand Cultural Ecosystem Services
demands and preferences (Wolff et al. 2015). At a finer
scale, managers can also better understand where and what
visitors look for and share within parks helping to tailor
education programs and their own social media posts. For
instance, in Aconcagua Provincial Park, managers could
use information from the Flickr images to encourage more
responsible environmental behaviours and safety measures
to current, virtual and future visitors (Miller et al. 2019).

Benefits and limitations

Content analysis of social media images enables the rapid
assessment of some visitors’ perceptions of landscapes.
Data from social media can be collected remotely, quickly
and cheaply, and provides both spatial and temporal data
about visitor use, views and values (Calcagni et al. 2019;
Ghermandi and Sinclair 2019). This information is hard to
obtain even in easily accessed and well-funded protected
areas and is extremely limited for more remote parks and
locations. The types of values and preferences reflected in
the content of images can match those reported in surveys
of visitors (Hausmann et al. 2018).

There are, however, limitations that need to be considered.
Only a very small proportion of people visiting parks post
images to Flickr (Hausmann et al. 2018), with Flickr and
other social media sites dominated by younger, wealthier and
more highly educated people (Smith and Anderson 2018).
Hence, images on Flickr only represent the ‘views’ and/or
‘interests’ of some visitors to parks and the content can be
dominated by frequent users of the platforms. They may not
show some types of popular activities (this study and Pick-
ering et al. 2018b) but over-represent novel experiences and
activities (Calcagni et al. 2019; Ghermandi and Sinclair
2019). There are also important social factors shaping what
people post on social media (Oeldorf-Hirsch and Sundar
2016), with variation in content among platforms, users and
places (Angradi et al. 2018; Hausmann et al. 2018). As
highlighted above, there can also be differences in what is
‘seen’ by researchers coding images versus their meaning to
those posting images (Stephchenkova and Zhan 2013).

CONCLUSIONS

Researchers are starting to evaluate benefits and limitations
of social media for managers, practitioners and natural
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resource professionals. This includes how social media
such as Flickr images can be used to better understand the
ways people relate to natural environments including the
services they provide. But more research is required
including comparing platforms, locations and between
social media and more traditional methods. What is clear is
that user-generated content is increasing in volume and
variety with more people posting it from a diversity of
places to different platforms where this content itself is
shaping and influencing not only visitation to parks, but the
ways people value the natural environment.
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