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geometry and semantics through textual information. Where image 
content is analysed, the shared framing of images, a key factor in 
motifs, is neglected.  

● Lack of holistic work: There are few examples of analysis based on 
image content over large areas, with most studies presenting case 
studies focusing on named and carefully chosen scenic landscapes.  

● Need for operationalisable conceptual model of motifs: Computationally 
extracting motifs requires that any conceptual model is oper-
ationalisable. Existing research describes properties of motifs, but 
not in a way conducive to computational representation. 

These research gaps give rise to the three research questions 
addressed in this paper:  

● How can landscape motifs be formalised in a conceptual model based 
on social media?  

● How can a repeatable, reproducible and scalable workflow to detect 
and characterise landscape motifs across large spatial extents be 
implemented?  

● What properties do the detected landscape motifs have, and how do 
they vary across space? 

2. Material and methods 

In this section we describe a workflow to automate the identification 
of motifs (Fig. 2). We first present a conceptual model of motif detection. 
We then introduce the study region and the underlying data, before 
describing in detail the implemented automation pipeline and the al-
gorithms it is based on. Finally, we present our ranking approach to 
identify prominent motifs. 

2.1. Conceptual model 

The aim of the conceptual model is to identify and specify the 
properties of motifs that any implementation should use. Since we 
define motifs as a collection of images, created by multiple users, 
capturing the same landscape elements from similar viewpoints, we first 
need an initial collection of images for a given area of interest. Thus, 
motif images are found close to one another, and the first task in motif 
detection is to identify such spatial clusters. Since motifs cannot belong 
to multiple clusters, this step reduces complexity since further process-
ing can be performed for individual spatial clusters independently. 

The second property of a motif is a set of shared visual attributes for a 
spatial cluster of images. Thus, in a second stage, candidate images 
belonging to a motif are clustered according to their visual similarity. 

The third and final property of a motif considers the number of im-
ages and unique observers contributing to each motif. All three of these 
properties are considered in the following implementation. 

2.2. Research area 

In this study we wished to explore a large spatial area. Since social 
media data have a strong urban bias, and since we were interested in 
finding motifs in non-urban areas with management implications, we set 
out to identify motifs located in European Natura 2000 sites (EEA, 
2021). Natura 2000 sites are interesting for a number of reasons. Firstly, 
terrestrial sites cover some 18% of Europe’s land area, and thus repre-
sent a spatially extensive and diverse study area on which to trial our 
approach. Secondly, as protected areas they are especially vulnerable to 
pressure from visitors, and other researchers have already suggested the 
potential of UGC as a data source and identified great variation in their 
use, albeit for a single area (Jurado Rota et al., 2019). Thirdly, since 
Natura 2000 sites are concerned with protecting habitats and species, 
we can explore the relationship between natural and anthropogenic 
motifs, and thus potentially suggest where mismatches between desig-
nation and motivations for visiting a site might exist. This is important 

given the need for identifying and monitoring specific locations subject 
to increased pressure within protected areas (Hadwen et al., 2007). 

2.3. Data 

We chose Flickr as a UGC data source due to the vast amount of 
image data available and a transparent licensing policy. Specifically, we 
downloaded the publicly available ‘Yahoo-Flickr Creative Commons 100 
Million’ (YFCC100M) dataset consisting of 99.2 million photographs 
globally, made available under various Creative Commons (CC) licenses 
(Hays, Page, & Buhalis, 2013) and covering the period between 2002 

Fig. 2. Motif identification pipeline (Image sources can be found in 
Table Image Attribution). 
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A B S T R A C T   

Visiting landscapes and appreciating them from specific viewpoints is not a new phenomenon. Such so-called 
motifs were popularised by travel guides and art in the romantic era, and find their contemporary digital 
twins through images captured in social media. We developed and implemented a conceptual model of motifs, 
based around spatial clustering, image similarity and the appreciation of a motif by multiple individuals. We 
identified 119 motifs across Europe, using 2146176 georeferenced Creative Commons Flickr images found in 
Natura 2000 protected areas. About 65% of motifs contain cultural elements such as castles or bridges. The 
remaining 35% are natural features, and biased towards coastal elements such as cliffs. Characterisation and 
localisation of motifs could allow identification of locations subject to increased pressure, and thus disturbance, 
especially since the visual characteristics of motifs allow managers to explore why sites are being visited. Future 
work will include methods of calculating image similarity using tags, explore different algorithms for assessing 
content similarity and study the behaviour of motifs through time.   

Management implications  

• Development and implementation of a method to extract motifs in 
large social media datasets - locations from which multiple people 
photograph the same elements of a landscape. 

• Prediction and monitoring of this phenomenon could aid local mu-
nicipalities and management personnel to take necessary measures 
reducing negative impacts on the environment and infrastructure. 

• Method could contribute to a monitoring framework to detect pop-
ular landscapes in protected areas of Europe based on social media. 

1. Introduction 

What draws visitors to some locations in landscapes? Can we identify 
commonalities in what tourists photograph, appreciate and share using 
computational methods to analyse user-generated content? Answers to 
these questions are relevant scientifically since they can help us better 
understand and compare contemporary and historical patterns of visi-
tation and motivation (Butler et al., 2014; Jenkins, 2003; O’Connor and 

Kim, 2014). Locally, they may explain patterns of preference with 
respect to landscapes and allow these to be linked to landscape prop-
erties (Wartmann, Tieskens, van Zanten and Verburg, 2019). Societally 
they are important since as global tourism recovers after the Covid 
pandemic, there will be a need for scalable, interpretable methods which 
can allow managers to identify and characterise locations where more 
tourists are present than the local infrastructure, environment and 
population can support sustainably (Simmonds, McGivney, Reilly, 
Maffly, Wilkinson and Cannon, 2018; UNWTO, 2021). 

Rapid growth in the popularity of individual locations is not new. As 
travel writing and travel guides became popular in the 18th and 19th 
centuries, visitors were told not only where to go, but what and even 
how to look at the landscape (Bell & Lyall, 2002, pp. 21–37; Pavord, 
2016). At the end of the 18th century, British poet Thomas Gray pop-
ularised the usage of the Claude glass, encouraging travellers to stand 
with their back to the landscape to see it through a filtered and distorted 
mirror (Cooper and Gregory, 2011). This seems to be an unusual sort of 
landscape appreciation; however, the modern equivalent to this pro-
cedure exists: “When we see an especially fine view, we take a 
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• Two lines of research: (1) generic methods and  
(2) application oriented workflows

• Generic methods: representativity and bias, comparative  
analysis, emotion and activity analysis
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ABSTRACT
Events are a core concept of spatial information, but location-
based social media (LBSM) provide information on reactions to
events. Individuals have varied degrees of agency in initiating,
reacting to or modifying the course of events, and reactions
include observations of occurrence, expressions containing senti-
ment or emotions, or a call to action. Key characteristics of reac-
tions include referent events and information about who reacted,
when, where and how. Collective reactions are composed of multi-
ple individual reactions sharing common referents. They can be
characterized according to the following dimensions: spatial, tem-
poral, social, thematic and interlinkage. We present a conceptual
framework, which allows characterization and comparison of col-
lective reactions. For a thematically well-defined class of event
such as storms, we can explore differences and similarities in
collective attribution of meaning across space and time. Other
events may have very complex spatio-temporal signatures (e.g.
political processes such as Brexit or elections), which can be
decomposed into series of individual events (e.g. a temporal win-
dow around the result of a vote). The purpose of our framework is
to explore ways in which collective reactions to events in LBSM
can be described and underpin the development of methods for
analysing and understanding collective reactions to events.
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Introduction

Events are one of the core concepts of spatial information proposed by Kuhn (2012), and
their study, often in the form of social media, has become increasingly popular in
GIScience (e.g. Sui and Goodchild 2011). However, current work often ignores the
distinction between an event, with a physical manifestation representing some form of
change, and thus being bounded in time (and space), and reactions to such an event
broadcast in location-based social media (LBSM). Crucially, while events and reactions
share attributes, which is why any reaction on social media can also be treated as an
event, specific characteristics only apply to reactions. We therefore set out to address
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Abstract: Through volunteering data, people can help assess information on various aspects of their
surrounding environment. Particularly in natural resource management, Volunteered Geographic
Information (VGI) is increasingly recognized as a significant resource, for example, supporting
visitation pattern analysis to evaluate collective values and improve natural well-being. In recent
years, however, user privacy has become an increasingly important consideration. Potential conflicts
often emerge from the fact that VGI can be re-used in contexts not originally considered by volunteers.
Addressing these privacy conflicts is particularly problematic in natural resource management,
where visualizations are often explorative, with multifaceted and sometimes initially unknown sets
of analysis outcomes. In this paper, we present an integrated and component-based approach to
privacy-aware visualization of VGI, specifically suited for application to natural resource management.
As a key component, HyperLogLog (HLL)—a data abstraction format—is used to allow estimation
of results, instead of more accurate measurements. While HLL alone cannot preserve privacy, it
can be combined with existing approaches to improve privacy while, at the same time, maintaining
some flexibility of analysis. Together, these components make it possible to gradually reduce privacy
risks for volunteers at various steps of the analytical process. A specific use case demonstration is
provided, based on a global, publicly-available dataset that contains 100 million photos shared by
581,099 users under Creative Commons licenses. Both the data processing pipeline and resulting
dataset are made available, allowing transparent benchmarking of the privacy–utility tradeoffs.

Keywords: privacy; social networks; spatial data; HyperLogLog; decision making; visualization

1. Introduction

A plethora of terms has emerged to describe User-Generated Content (UGC) that is publicly
available and used for different contexts of application and problem-solving, such as Volunteered
Geographic Information (VGI), Contributed Geographic Information (CGI) or Ambient Geographic
Information (AGI) (see [1]). One of the reasons is that there is a nuanced difference between voluntarily
sharing information and volunteering information. For example, for a specific purpose or application
such as in VGI [2]. Ghermandi and Sinclair [3], among others, coined the term “passive crowdsourcing”
for the specific case of UGC where “[ . . . ] information is voluntarily shared by users, albeit not for the
purpose for which it is used by the researchers” (p. 37).

From a privacy perspective, however, these difficulties in accurately defining data appear to be of
little significance because privacy of volunteers can be compromised regardless of whether data is
volunteered or voluntarily shared [2,3]. As a simple, yet useful, definition of privacy, Malhotra et al. [4]
use the term Internet Users’ Information Privacy Concerns (IUIPC) to describe “the degree to which a
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