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SUMMARY

Social media data are transforming sustainability science. However, challenges from restrictions in data
accessibility and ethical concerns regarding potential data misuse have threatened this nascent field.
Here, we review the literature on the use of social media data in environmental and sustainability research.
We find that they can play a novel and irreplaceable role in achieving the UN Sustainable Development Goals
by allowing a nuanced understanding of human-nature interactions at scale, observing the dynamics of so-
cial-ecological change, and investigating the co-construction of nature values. We reveal threats to data ac-
cess and highlight scientific responsibility to address trade-offs between research transparency and privacy
protection, while promoting inclusivity. This contributes to a wider societal debate of social media data for
sustainability science and for the common good.

INTRODUCTION

With more than half of the world’s population active on social
media (SM) networks,' unprecedented amounts of user-gener-
ated data are opening new frontiers in the investigation of human
interactions with the natural environment. Researchers are
increasingly turning to these data to investigate social-ecological
systems and ecosystem services,” analyze climate change
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discourses,® explore urban sustainability, and provide novel in-
sights for ecology and conservation science.®® The interpreta-
tion of the digital traces of people’s values of nature, as mani-
fested in SM data streams, promises to add insight into
individual beliefs and societal processes that might be key to
motivating and honing conservation messages.’ This is particu-
larly important in a context where technological advances
generate an “extinction of experiences” and a troubling
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Figure 1. A virtuous cycle for social media (SM) data and
sustainability through transparency, inclusivity, and responsible
data use

disconnect from nature.® Such insights may be particularly valu-
able at a time when humanity is facing a formidable set of global
environmental challenges, as the UN Sustainable Development
Goals (SDGs) clearly articulate and address.® As a new kind of
“environmental information system,”'® the promise of SM data
for tackling such challenges is tantalizing."’

The extent to which SM data are accessible to environmental
and sustainability researchers in the future is likely to determine
whether such potential will be fulfilled. Although largely gener-
ated by individual users and organizations, access to SM con-
tentis overseen by the private entities that provide the necessary
Web-based services. Unless legislated differently, such com-
panies can unilaterally change terms of service at any point in
time, restrict accessibility, or apply content filters and censor-
ship, thus hampering the use of these data in research and prac-
tice.'? Current business models, and resulting data collection
and sharing practices, have generated a vicious cycle in which
user data are treated as a private asset that can be purchased
or sold for profit. This has raised public concern and mistrust
in SM companies, in turn leading to societal pressure to regulate
them, culminating in regulation against the misuse of personal
data, such as the 2018 European Union (EU) General Data Pro-
tection Regulation. Not only has this threatened the perceived
legitimacy of SM companies, but it may also limit the potential
public benefits from researching this unique data source. The
lost opportunities to use SM data due to access restrictions,
whether arising from corporate practices or governmental regu-
lation of data collection and sharing,'® may be of a comparable
size with the harm done by data misuse.'*'®

The establishment of virtuous cycles for enabling the wide po-
tential of SM research for sustainability will require collaboration
between SM companies, environmental researchers, and soci-
ety at large (Figure 1). More open and meaningful data sharing'®
by SM companies, including granting independent access and
analysis by researchers, would reinforce their perceived legiti-
macy, resulting in a renewed social license to operate. This could
then translate into more trustful data sharing by the users who, in
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turn, would benefit from knowledge generated by sustainability
researchers using SM data. Improved collaboration models
may require shifts in the current practices both on the side of
SM companies and on that of sustainability researchers. While
recognition by the former of the potential public good of the
data shared by online users is essential,'” a coordinated and
widely shared commitment on the part of individual researchers
toward key principles for a responsible, ethical use of the data
might be critical in establishing the trust required for the creation
of a “data commons” space. This is especially meaningful
considering that guidance from ethical review boards is still
limited when it comes to SM research.'® Such commitment
would demonstrate the public benefits of such research.
Although there are several examples of data-sharing models
between academia and the SM industry, including data collabo-
ratives'® and data philanthropy initiatives,'® as well as SM com-
panies granting occasional data access to researchers, such
disjointed efforts remain reserved for a small group and are insuf-
ficient to ensure that the full potential of SM data is brought to
fruition.>°

This critical review aims at contributing to a societal debate
around the value of promoting more open access to SM data
for research purposes and the ethical challenges associated
with it, particularly from the perspective of environmental and
sustainability research. Based on the review of 415 studies, we
first articulate the potential benefits of SM data in light of the
SDG targets and the characteristics that make these data unique
and potentially irreplaceable in applications at the nature-society
interface. Subsequently, we highlight current restrictions and
threats to future data accessibility for sustainability research.
Finally, we define sustainability-specific principles for a shared
ethical commitment by researchers toward responsible data
use and evaluate how the scientific literature has fared against
them thus far.

SOCIETAL BENEFITS FROM SM-BASED
SUSTAINABILITY RESEARCH

Over the past decade, there has been a rapid increase in envi-
ronmental and sustainability studies using SM data, with authors
frequently acknowledging the novel opportunities that such dig-
ital technologies offer in detecting and examining a broad range
of human-nature interactions. To showcase the range of societal
benefits that may be achieved through SM-based sustainability
research, Figure 2 presents a carefully selected list of applica-
tions, which are drawn from the 415 studies in the database.
For each relevant SDG target, one or multiple fields of applica-
tion are given, along with a real-world example of how this poten-
tial has been realized in one of the investigated studies. The
studies referenced in Figure 2 are not chosen based only on their
perceived quality and innovation value but also to provide an
overview of the broad range of the spatial scales, socio-eco-
nomic contexts, and environmental issues covered in the
dataset.

Figure 2 identifies 12 SDGs (out of 17) and 29 SDG targets (out
of 169) that are, usually implicitly, addressed by the reviewed
studies. It should be noted that SM-based research in general
is most likely relevant for additional SDGs and SDG targets
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SDG

SDG target

Example application
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Sustainable agriculture
(2.4)

Assess cultural significance of agricultural landscapes: Chianti region, Italy*! @
Map and monitor urban farming: four world metropolises @

Sustainable development
education (4.7)

Explore meaning-making about environment and sustainability: young adults in

23 9
Sweden* g7,

Safe drinking water (6.1)
Water quality (6.3)

Water-related ecosystems
(6.6)

Gauge public attitude toward management: water charges in Ireland®* 99\0
Inform operation of supply systems: catchment hydrology in Italian Alps
Promote sustainable sanitation: benefits of nature-based solutions?® @

Value benefits of quality improvement: recreation in Minnesota lakes?’ @
Inform ecosystem restoration: tourism in a Ramsar wetland in India®® @
Assess provision of cultural ecosystem services: rivers in Idaho? @
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Access to energy (7.1)
Share of renewable energy
(7.2)

Explore public perception of energy supply: hydraulic fracturing @ &

Understand public opinion on renewable energy: local opposition to wind power

project in Germany®' 2,

Sustainable tourism (8.9)

Characterize spatial-temporal patterns of tourist visits: Areas Of Interest in six
world metropolises® (§)
Analyze tourist movements and choices: tourist routes in NYC33 @

Sustainable and clean

Analyze sustainability marketing communication: Fortune 500 enterprises®* &

Y 6-0
& industries (9.4)
LES  Social inclusion (10.2) Address inequality in access to natural areas: green gentrification in Barcelona®
D @
Public transport (11.2) Analyze cycling infrastructure and their use: path networks in Belgium?¢ @
Plan and improve public transport systems: human mobility in Chicago®’ @
Inclusive and sustainable Characterize visual quality of urban landscape: public open spaces in Munich,
urbanization (11.3) Germany?® @
Map urban functions and urban land use: use of streets in London and associated
semantics®® (§ () 2,
Cultural and natural Examine use and management of heritage sites: UNESCO World Heritage sites in
heritage (11.4) conflict areas* @
Resilience to disasters Detect and characterize flood extent and severity: flooding thresholds in US East
(11.5) Coast*! @
Social sensing natural hazards for footprint and damage assessment: Hurricane
Sandy* @
Enhance preparedness, response, recovery: wildfires in Sumatra®
Urban green and public Assess ecosystem services of urban parks and green infrastructure: green spaces
spaces (11.7) in Helsinki* (&
Evaluate well-being benefits from exposure to nature: Nanjing residents during
COVID-19 pandemic* (&
Understand public opinion, perceptions, satisfaction: green spaces in Dublin*® e'?‘e
757 Management of chemicals  Monitor solid waste management: odors from landfills in China*’ @
©9F  and wastes (12.4) Infer urban air pollution levels: air quality index for Chinese cities*® (§)

Corporate sustainable
practices (12.6)
Sustainable development
awareness (12.8)
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Inform corporate sustainability practices: spillover effects of environmental
regulation in China* @ &

Uncover public perspectives on sustainability topics: global debate about land
grabbing® 2,

Understand perceptions of nature: testing the biophilia hypothesis' 2

-6
Explore spread of sustainability information: Deepwater Horizon oil spill*? 0’?‘0

(figure continued on next page)
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Resilience and adaptive
capacity (13.1)

Climate change policies
(13.2)

Climate change awareness
(13.3)

Identify mismatches in socio-ecological systems: phenology and visitation in
Mount Rainier National Park®? @
Explore perception of impacts and policies: remarkability of temperature

anomalies®

Analyze online discussions on climate change: communication on weather

extremes in China®s 2,

LT

Marine and coastal
ecosystems (14.2)

Conservation of coastal
areas (14.5)

Assess coastal and marine ecosystem services: global coral reef tourism>® @
Map human interactions with marine species and disturbance to ecosystems:
Hawaiian monk seal®’

Assess benefits of marine protected areas: cultural ecosystem services of 14 areas
worldwide’s (§

Terrestrial and freshwater
ecosystems (15.1)

Sustainable forest
management (15.2)
Conservation of mountain
ecosystems (15.4)

Loss of biodiversity (15.5)

Protected species
trafficking (15.7)
Invasive alien species
(15.8)

Map land use/land cover or geomorphometry: landscape variation and
folksonomies in Switzerland* @

Analyze public perception and benefits of terrestrial protected areas: recreation on
public lands in New Mexico and Washington states® (§)

Investigate human-nature conflicts: unwanted visitors’ behavior in South African
national park®! @

Assess cultural ecosystem services: growth in Arctic eco-tourism® @
Quantify landscape aesthetic values: the European continent®? @

Complement traditional monitoring: climate in the UK @

Assess cultural ecosystem services of forests and urban vegetation: mangroves in
Singapore® @

Assess mountain cultural ecosystem services: changes in landscape value over
150 years in Austria® @

Collect information on species ecology and behavior: spatial variation in species
traits in Japan®’ @

Map species distribution: UK flowering plants®® @

Characterize human-wildlife interactions: encounters with giant pandas in China®
2]
e-0
Analyze perceptions of biodiversity and endangered species: sentiment towards
iconic species™ 2,
Monitor online wildlife trade: Indonesian songbirds”' @

Monitor spread of non-native species: oak processionary in Europe’

Notes: ®: Understanding direct human-nature interactions at scale

= Observing temporal dynamics of social-ecological change

e o . .
©-0 = Investigating the co-construction of meaning and values

Figure 2. Selected examples of applications of social media data to sustainability research and the related Sustainable Development Goal

(SDG) target

This chart lists 52 example applications.”'~"? Notes: the icons refer to the most relevant among the themes discussed in section “societal benefits from SM-based
sustainability research.”

that are not captured in Figure 2 due to this study’s primary focus
on environmental issues.

The thematic and geographical scope of the studies in Figure 2
is wide, ranging from eco-tourism in the Arctic® and India®® to
preparedness and response to environmental disasters in the
USA*' and Indonesia**; from perceptions of climate change im-
pacts®® and related policies®” to the well-being benefits of nature
exposure during the COVID-19 pandemic*®; from the spatial dis-

tribution of animal species and their traits®” to the monitoring of
the wildlife trade.”" Specific example studies from Figure 2 are
discussed in further detail in sections “understanding direct hu-
man-nature interactions at scale” and “investigating the co-con-
struction of meaning and values.”

The majority of the studies explore issues that are related to
either SDG 15 “Life on land” (35%) or SDG 11 “Sustainable cities
and communities” (29%) (see also Figure 3). In particular, 24% of
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Figure 3. Distribution of studies with data from the seven most frequently investigated SM platforms against the approximate number of
platform users and the related UN Sustainable Development Goal (SDG)
Notes: studies relying on data from multiple platforms are assigned to each of the platforms; 47 studies using data from other sources such as blogs (N = 5),

TripAdvisor (N = 5), Dianping (N = 4), and Strava (N = 4) are not plotted.

studies find application in the context of SDG target 15.1
“Terrestrial and freshwater ecosystems,” examining, among
others, questions related to public perceptions and use of terres-
trial ecosystems, including protected areas, or the monitoring of
environmental quality (see Table S1 for a breakdown of all 415
studies according to SDG target and field of application). Among
studies addressing the sustainability of cities and communities
(SDG 11), most investigate the use of urban green spaces,
including well-being benefits from exposure to nature (11% of
studies) or aim at improving the monitoring, response, and resil-
ience to natural disasters such as floods, hurricanes, and wild-
fires (10% of studies). An additional 6% of studies analyzes
tourism patterns, primarily in cities and tourism hotspots (SDG
target 8.9 “Sustainable tourism”). The focus on urban areas
and terrestrial ecosystems may reflect that SM data are primarily
generated in populated or easily accessible areas. Only 6% of
studies address topics that are of relevance for marine ecosys-
tems (SDG 14 “Life below water”). Most of the remaining studies
do not relate to the spatial dimension or specific geographical
location of the data but rather analyze SM content to assess
climate change awareness and perceptions (6% of studies;
SDG 13 “Climate action”), sustainable development awareness
and the management of pollutants (6% of studies; SDG 12
“Responsible consumption and production™), or safe drinking
water and sustainable sanitation (6% of studies; SDG 6 “Clean
water and sanitation”).
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Figure 3 shows the distribution of the investigated studies ac-
cording to the SM platforms from which the data were retrieved.
The estimated number of users per platform is also included (see
related discussion in section “threats and limitations to the use of
SM data in sustainability research”). In the following subsec-
tions, we synthesize the information retrieved by identifying three
research themes in which SM data can and, to the extent re-
vealed by the investigated studies, already play a role as a
source of unique insights for environmental sustainability
research.

Understanding direct human-nature interactions

at scale

Achieving the SDGs will require large-scale, multi-country efforts
as well as granular data for tailoring sustainability efforts. SM
data have enabled an unprecedented view of how people
interact with natural populations, ecosystems, and biomes,
over large spatial scales.”®®*"® Of the 415 studies examined,
about 11% were conducted at the global scale, 5% at continen-
tal, and 36% at regional to national scales, a result that is hard to
match using traditional survey methods. There are also prom-
ising findings that suggest that SM data from different platforms
are geographically consistent over large extents; for instance,
high correlation between users’ posts was found across three
different SM platforms (i.e., Flickr, Panoramio, and Instagram)
for the entire European continent.®® Although additional testing
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is necessary to confirm this spatial consistency, this potential for
replicability may offer unique generalizability about location-spe-
cific interactions.” Figure 2 offers several examples of studies
taking advantage of SM data for research at wide spatial scales,
including the analysis of human-nature interactions in coastal
ecosystems and marine protected areas (SDG 14),°%°® the
assessment of public awareness surrounding land grabs in Af-
rica and worldwide (SDG 12),°° and the evaluation of threats to
cultural and natural heritage sites located in conflict areas
(SDG 11).%°

The content of texts and images that are shared as SM can
offer valuable insights into the motivations, purposes, and per-
ceptions of individual users.®>"® This is not possible with other
emerging “big data” approaches, such as those based on
tracking of mobile phone locations, and it can be achieved in a
way that is potentially less intrusive than surveys and less prone
to biases introduced by the researcher (e.g., questionnaire
design and potential interviewer effects) or the respondent
(e.g., recall biases). The extraction of semantic information
from SM can assist, for instance, in characterizing individual at-
titudes and engagement with environmental topics such as
climate change (SDG 13),”® understanding behavioral dynamics
of visitors in natural and semi-natural areas (SDG 15),”” and iden-
tifying typologies of users based on their interests and cultural
background (SDG 6).”® The current rapid advancements in scal-
able machine learning tools promises to further enhance our abil-
ity to manage and respond to different social and environmental
risks.”®"?

Observing temporal dynamics of social-ecological
change
Research is increasingly revealing that SM data can play a
unique role in the analysis of the temporal dynamics of
social-ecological interactions and environmental change,
including disaster risk reduction (SDG 11),**** environmental
quality monitoring (SDG 12),*® and improved transportation
and mobility (SDG 11).>” The quasi-instantaneous nature of
SM communication and the speed of data retrieval support
high temporal resolution, continuous and (near) real-time anal-
ysis of evolving environmental and socio-economic pro-
cesses,®’ including the use of urban greenspace during the
COVID-19 outbreak (SDG 11)®' and monitoring of invasive spe-
cies (SDG 15).%? For events requiring rapid and dynamic re-
sponses, such as natural disasters, SM monitoring can play a
vital role in capturing and organizing sources from eyewitness
accounts, a type of data source that is hardly available with
conventional methods.®®> Promising advances in this context
include the development of effective, real-time architectures
for the analysis of multimodal (visual and textual) SM content®*
and the integration with other data sources, such as remote
sensing images.®®

SM-data-based assessments can also offer a rich historical
record of human-nature interactions going back to the mid-
2000s, when some of today’s leading platforms were launched.
Such a relatively long time span compares favorably with that of
alternative sources of ecological data such as active crowd-
sourcing by volunteer observers through platforms such as iNa-
turalist.®® The continuous availability of SM data over such time
spans may allow updating previous studies with recent data,

¢ CellP’ress

which is often a limitation with resource-intensive methods
such as surveys.

Investigating the co-construction of meaning and values
Unlike in traditional media, or so-called representational me-
dia, where “few gatekeepers” control the mass production
of popular culture and broadcast it to a passive audience, vir-
tual communities present unique forums where people directly
(e.g., through discussions) or indirectly (e.g., by sharing pho-
tographs or video contents) communicate and debate their
feelings about climate change, perceptions of the environ-
ment, and interactions with nature.® By sharing nature experi-
ences with a virtual community of peers, people collabora-
tively generate meaning and ascribe value to nature.’® SM
research is increasingly exploring such co-construction of
values and meaning regarding nature and sustainability.
Studies have explored, for instance, the expression of
emotional responses to climate change-related extreme
weather events (SDG 13),°*°° the circulation and interpreta-
tion of environmental information (SDG 12),°>®” and the
shaping of arguments for a stronger appreciation and pro-
tection of nature (SDG 12).°"®® Whether pro-environmental
collective meanings (e.g., attachments, commitments, re-
sponsibilities, and positive relationships with and within na-
ture) and “digital relational values” are fostered by SM, and
whether digital co-creation of societal values regarding nature
and sustainability might motivate and sustain public support
for ecosystem protection and environmental stewardship,®’
remains an open research frontier.”’

THREATS AND LIMITATIONS TO THE USE OF SM DATA

Although an in-depth discussion of the limitations of SM data is
beyond the scope of this paper, a series of concerns emerge
from the reviewed studies, which future SM-based sustainability
research will need to grapple with. Biases in SM data may arise
at three main levels: users, content, and analysis. The lack of
verified personal and socio-demographic information of individ-
ual SM users has curtailed research to simple classifications of
behavioral and socio-demographic types.”®°! This lack of infor-
mation may obscure problematic biases (e.g., in geographic
representativeness, age, gender, socio-economic condition, ed-
ucation), underpinned by differences in Internet and technology
use’* 4 or the appeal that specific platforms have for specific
audiences and users.”>°® Such effects may be exacerbated by
relying on a single source of data (see related discussion in sec-
tion “promoting a virtuous cycle for SM data and sustainability:
the role of research”). The content of SM posts may also be
biased toward subjects or topics that are more likely to be
shared because they are perceived to be unusual,’” valuable,®
or have a higher social desirability.2° Verbal communication may
amplify tendencies toward homophily and segregation,’® lead-
ing to superficial'°° or polarized discussions where either posi-
tive or negative views prevail.'”""'? The design of algorithms
purposefully designed to direct users to extreme and emotionally
charged content likely contributes to such polarization.'®
Finally, biases may be introduced during the analysis of the
data. Bias toward very active or very influential users is a com-
mon challenge in the field, and methods are needed to control
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for and identify how this skews findings.'°*'°° Additionally, there
is still a limited understanding of how the SM literature may be
influenced by the technical complexity of analyzing specific
data formats (e.g., YouTube videos), difficulty in coping with
SM content in multiple languages, and reliance on specific
data science techniques or tools.'%®"'% In spatial studies, ana-
lysts are often still challenged to achieve sufficient observations
for the fine spatial scale and temporal resolutions necessary for
decision making.'®® After controlling for active users and the
large amount of posts in highly visited locations (e.g., popular at-
tractions, cities), the distribution of SM posts is often highly
sparse.'® Studies often obviate this problem through aggre-
gated analysis at cruder spatial units (e.g., federal parks, Natura
2000), but this may obscure important behavioral-environmental
interactions (for example, hiking traffic within protected areas).
Combining multiple SM streams''®""" and complementing
with independent monitoring approaches, such as, for example,
participatory GIS,** sensors,®® and traditional survey methods,®®
is promising to ameliorate these spatiotemporal biases.

A major threat for the future of SM-based sustainability
research, one that is central to the argument developed in this
paper, relates to data accessibility. Consistent access to a mul-
tiplicity of sources is essential for the successful long-term up-
take of this new data type, especially considering the changes
in the popularity of individual platforms over time and their ap-
peal to different socio-demographic groups.’ Accessibility likely
already plays a key role in the uptake of data from specific plat-
forms. A majority of the reviewed studies use only two platforms,
Flickr and Twitter (see Figure 3), which have long held relatively
open data access policies. In spite of their much larger total
user base,” platforms such as Facebook and Instagram have
been relatively underutilized, likely due to restrictions in access.
The biggest challenges to data accessibility include (1) shutdown
of SM platforms, (2) restrictions and changes in the platforms’
terms of services, and (3) censorship and data manipulation.

Shutdown of platforms

SM access can be hindered when online services are discontin-
ued. For example, Panoramio, a photo-sharing platform popular
in early research,’’ was shut down in 2016. While much of the
data were subsequently integrated into Google Maps, they
were no longer available for research usage. Numerous other
popular photo-sharing (e.g., Webshots, Ovi Share, Kodiak Gal-
lery) and SM platforms (e.g., Friendster, Myspace) have likewise
been discontinued, resulting in mothballing and/or irreversible
loss of datasets compiled by users over years of activity. Flickr,
afavored source of photographic data for environmental studies,
was at risk of shutting down, according to a statement by its CEO
in December 2019.""? In this context, the creation of open re-
positories, such as the Yahoo Flickr Creative Commons 100M
database,'"® represents an important safeguard for maintaining
historical SM data records and granting continued future acces-
sibility of data to researchers.

Restrictions in terms of services and changes thereof

Access and terms of use of user-generated data compiled
through Web applications are largely determined by the com-
panies that operate individual SM platforms."'* While restric-
tions may be dictated by regulation or concerns for data privacy
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protection, preventing open access is often central to the plat-
forms’ business models. The data are sometimes sold outright
or indirectly used to generate revenues by granting access to
application developers for targeted advertising.' "

The manner of sharing and actual data availability for re-
searchers are highly variable across platforms. In addition to Flickr,
platforms such as Twitter, VKontakte, and Mapillary grant fairly
broad access to their data. Terms of service for these platforms
generally acknowledge that access to data should not violate
laws ruling at the national or supranational level (e.g., EU General
Data Protection Regulation) and be limited to non-commercial
uses. Twitter and Flickr also stipulate that individuals’ privacy
and wishes be protected using appropriate techniques, including
ensuring that stored data reflect the current online status of con-
tent and protecting geographic anonymity in visualizations of
data. Other platforms, such as Facebook, have traditionally placed
strong limitations on the accessibility and automated retrieval of
their content, thereby greatly limiting the use of this potentially
extensive data source (Figure 3). Recent initiatives, such as the
partnership with Social Science One'® and the Facebook Data
for Good initiative,''® may point toward an increased, though se-
lective, engagement in data sharing for research purposes. In their
current form, however, they also risk eroding research indepen-
dence insofar as they may skew research toward topics that share
common interests with technology companies, remain heavily
dependent on the companies’ willingness to share and deliver
the data, and allow technology companies a veto right on who
can receive the data.’'” Among the outdoor recreation and sports
apps, only a few offer an application programming interface (API)
to facilitate data retrievals, and generally with a very limited set of
features (e.g., Strava, Under Armour API for the MapMy apps).
Many apps (e.g., Wikiloc, AllTrails) substantially restrict the amount
ofuser-generated content that can be manually retrieved from their
Web sites. Such limitations may be set, for instance, because trails
and all the digital creations around them, such as photographs and
descriptions, are the property and copyright of the authors (Wiki-
loc, unpublished data on 31st October 2018).

Particularly insidious are changes in SM platforms’ terms of
services and/or their APIs, because they undermine the replica-
bility of studies and the possibility to update previously collected
datasets. For instance, multiple changes in Instagram’s API over
time have increasingly limited the possibility of retrieving detailed
geotagged information, thus substantially limiting its use, despite
its great potential.>® For Flickr, multiple changes in ownership
have led to changes in the way users can interact with the API
(e.g., accessibility of the Yahoo Where On Earth identifier) and
the introduction of a limit of 1,000 photos for free storage in
2019 led to the deletion of large amounts of excess photographs
in March 2019. After revelations that its geolocated data could be
used to locate secret military bases in January 2018, Strava modi-
fied its publicly available heatmap. It no longer displays routes
with little activity and refreshes itself monthly to clear any data
that might have been made private.''® Several APIs (e.g., Insta-
gram, Strava) have introduced more restrictive rules that limit
access to data that are owned by individual users, thus de facto
precluding the use of the platforms for any large-scale analysis.

Twitter’s API offers an unusual case in which data access for re-
searchers has, so far, broadened over time. For years, Twitter’s
free, standard APl had allowed access to only a fraction of its
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real-time data stream and limited historical data, with higher levels
of access being achievable only by upgrading to paid APl versions.
Although free access to premium accounts had occasionally been
granted for socio-ecological research,’'® this had raised issues
about equitable data access due to the cost of such services,
which may not have been affordable to all researchers. In 2019,
Twitter also removed the option of precisely locating tweets due
to a lack of user engagement with this feature, with potential con-
sequences for research use.?° In January 2021, however, Twitter
set a new standard for broader access to researchers by intro-
ducing a new academic research product track, which for the first
time allows free full-archive searches for approved researchers. '’
Such an approach could serve as a model for wider open access
across SM platforms.

Data manipulation and censorship
State censorship and self-censorship of SM content create biases
in the data that are difficult to identify and control for. Self-censor-
ship is understood here as the voluntary removal of content by the
SM platforms. It is grounded in the ethical guidelines of each plat-
form and usually affects content prompting violence, nudity,
pornography, hate speech, and also certain politically controver-
sial content.'?*'?®> Excessive self-censorship by SM companies
may negatively affect the use of SM content in environmental sus-
tainability research (e.g., by removing pro- or anti-environmental
content or representatives).'**'?° Ethical guidelines followed by
most of the large SM platforms are primarily established along
the ethical and legal standards of Western, liberal democracies,
above all the US but increasingly also conforming to the standards
of the EU’s General Data Protection Regulation. This has raised
some criticism for generating a new type of “media imperialism”
when these guidelines are applied globally.'°

Commentators have increasingly argued for reliance on estab-
lished state laws for guidance on censorship rather than platform
guidelines.’®” Beyond ethical and legal considerations, a trans-
parent set of laws would decrease ambiguity regarding content
suitability and the criteria for censorship.'“® Where applied, how-
ever, state censorship has also lacked transparency, with the po-
tential to hamper, among others, the study of topics such as envi-
ronmental justice and social-environmental movements.'*® The
People’s Republic of China, for instance, has strictly regulated
platform usage to Sina Weibo and WeChat and prohibited or
severely restricted the use of US-based platforms such as Face-
book, Instagram, Twitter, and YouTube, which dominate in most
other countries.'*® Chinese state censorship has been explained
to focus on the potential of posts to encourage collective action "
but is applied differently throughout the country and by plat-
form."3%"%% Similarly, state control over social media content has
reportedly been asserted on the platform VKontakte, a leading
SM network in Russian-speaking countries.'*%'3* In this context,
state censorship over domestic platforms is qualitatively different
from that over multinational firms, since it can focus on content
removal rather than the less effective content blocking.'*°

PROMOTING A VIRTUOUS CYCLE: THE ROLE OF
RESEARCH

SM data misuse and acknowledgment of the influence that dig-
ital spheres have on public life and societies have raised con-
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cerns in many SM users about how their personal data are
handled, including by researchers within technology companies,
universities, and other organizations. Such public scrutiny is war-
ranted considering that the involvement of academic re-
searchers may have in the past lent credibility to requests for
SM data access that were later revealed to result in questionable
data-sharing practices in the Cambridge Analytica scandal.’*®

Gaining public trust in academic use of SM data requires
commitment by researchers to fair and ethical use practices
and establishing responsible research agendas. Research prac-
tices in environmental and sustainability science so far, however,
show a mixed picture. A lack of clear regulatory guidelines has
resulted in diverse approaches for protecting users’ privacy, a
central aspect when using users’ data in research. While recent
scholarship has outlined best practices,'*® our review reveals
that consideration of ethical aspects in SM data use in sustain-
ability science is, to a large extent, still lacking. Despite the
vast majority of research adhering to ethical standards in pro-
tecting the anonymity of individual users (Figure 4), there is a
lack of transparency in documenting the methods used for min-
ing these data (fewer than 15% openly sharing study data and/or
methods) and little stated concern about safe data storage prac-
tices (addressed in only 1.5% of studies). Lack of an explicit
awareness of potential ethical issues in data use is apparent in
the fact that 85% of the studies do not mention ethical or privacy
concerns in their data handling and only 2.4% make direct refer-
ence to established guidelines. This is concerning, considering
that a sizable fraction of the studies involves handling and anal-
ysis of potentially sensitive data, such as personal user identi-
fiers, manual or automated analysis of user-generated textual
or photographic content, and socio-demographic information
that is usually extracted from the users’ public profiles (Figure 5).

SM will undoubtedly play an important role in shaping future
discourse and behavior on sustainability issues. This will increas-
ingly entangle researchers using SM data in ethical dilemmas on
data use and the communication of results. True to a commit-
ment to moving research-generated knowledge into societal
action,'®” sustainability scientists face, we argue, an ethical
imperative to contribute to public discussion on research and
private sector use, and inquiry into the complex influences and
bias within this unique data source to elevate standards of SM
data use broadly. Based on the insights derived from the re-
viewed studies, we explore three principles for a fruitful discus-
sion on the fair and ethical use of SM data in sustainability
research: (1) ensuring inclusivity, (2) balancing the needs for
research transparency and privacy protection, and (3) safe-
guarding the ethical responsibility of researchers.

Inclusivity

A major challenge of SM research is assessing whether data are
demographically inclusive and representative of opinions,
behavior, and perspectives of the focal population. It is often
assumed that data are skewed toward younger generations,
but surprisingly little is known of these apparent biases. While
early overrepresentation of young, tech-savvy early adopters ap-
pears to pose less of a challenge due to wide penetration across
socio-demographic groups,'®*'*° new composition uncer-
tainties have emerged due to shifting popularity and self-selec-
tion of SM platforms."“° Facebook, once the preferred SM for
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Figure 4. Proportions of reviewed studies (N = 415) engaging with different dimensions of ethical and privacy-related concerns

younger cohorts, is now widely used by adult individuals." The
latter are less likely to use platforms such as Instagram, Snap-
chat, and TikTok." Geographically, there are often insufficient
observations for fine-scale analysis,'® especially for countries
where access to the data of popular SM platforms is lacking.'“°
The existence of a digital divide among countries with high and
low active social network penetration is also evident.! Self-
censorship, amplification related to “influencers,” herd mental-
ity, and platform-specific algorithms are likely to generate biases
that are scarcely accounted for in SM research and need inves-
tigation with regard to how they affect inclusiveness.

Major efforts should be undertaken to identify, understand,
and control representativeness. While much research has
confirmed its validity to approximate broad behavioral trends us-
ing correlation of independent samples®®®’ and wide
geographic analyses across SM platforms,®® new approaches
must assess apparent demographic biases for increased aware-
ness and refinement of the validity of SM data. Techniques that
infer users’ demographic background using their approximate
home location,®"'*! image content,’*? and user-provided pro-
files'*®'%° are promising for filling in these representativeness
gaps, and they might be scaled-up for better contextualization
of users. Care should be taken that this demographic information
is protected due to the possibility of revealing personal informa-
tion. Mixed-method approaches are likely valuable in this regard,
offering the ability to validate qualitative and quantitative as-
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sumptions about representativeness and behaviors inferred
from SM through first-hand accounts,®* and gaining informed
consent in matters of deeper personal inquiry. Broadening the
mix of SM platforms, an aspect that is widely lacking in current
research practices (Figure 5), will be imperative for ensuring
the geographic and socio-demographic representativeness of
data.®®”” Convenience sampling from single platforms in light
of ease of data access should be, as much as possible, avoided.
There are inherent challenges in maintaining research relevance
given the shifting popularity of platforms that will likely only be
addressed given broad buy-in and partnerships between devel-
opers and researchers.

Transparency

The open disclosure of data sources and methods has long been
a key tenet of sustainability research. Such open science models
are increasingly influencing the community of SM resear-
chers.'*® A persistent challenge will be achieving such transpar-
ency while protecting the privacy of SM users, given the reliance
of many studies on locational attributes and personal profiles
from which a range of users’ information might be inferred. %23
Current best practices for ensuring user privacy, including visu-
alizing location-specific information at aggregated scales, strip-
ping user identifiers, and jittering, are viewed as adequate for
protecting users’ privacy.'*° Different types of data (e.g., texts,
images, videos) will require different strategies, with privacy
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protection in visual data being, generally speaking, more chal-
lenging than textual data.’** Increasing popularity of SM ap-
proaches and accessibility to user-friendly technologies'*®
might also touch off additional research that does not adhere
to such established procedures. Moreover, growing numbers
of studies are likely to increase the scrutiny of these methods,
possibly resulting in different interpretations of best practices
from research regulating bodies (e.g., institutional review boards)
and society.

Anticipating such challenges, we offer three approaches that
SM researchers might consider in furthering broadening accep-
tance of SM-based research:

(1) Publishing detailed data-mining criteria including scripts
for API access, timescale, geographic boundaries, and
search keywords. This will increase credibility by
enhancing reproducibility and ensure the legality of
research practices. While documentation might never
be fully replicable due to the shifting and ephemeral
nature of SM data, it will serve to establish and codify
common standards of ethical practice and reduce ethical
ambiguities in data retrieval; for instance, in relation to the
use of Web scraping. In the long run, this should lead to
standardized approaches for documentation of methods,
as already adopted in other research fields.'**

Engaging formal institutional review boards in discussion
of the unique character of SM data, best practices, and
legal requirements. Review boards will be instrumental
in legitimizing SM research, and open dialogue will help
in establishing appropriate procedures, outside tradi-
tional norms that require informed consent, considering
their practical impossibility in the case of SM data. A
risk review assessment may better suit research involving
SM data than an ethical review procedure.’*

Undertaking further research into what constitutes
reasonable expectations of privacy for data that are
publicly available on SM platforms, and the extent to which
specific risks to subjects may compare with the impor-
tance of the knowledge that may be expected to result
from the research. While there remains a debate regarding
the extent to which data collected from publicly accessible
SM platforms constitute (identifiable) private information

S

&

(see the 2018 Federal Policy for the Protection of Human
Subjects, or “Common Rule”), researchers should mini-
mize risks arising from potential misalignments of SM
users’ expectations and the use that is made of their
data.’®® Only after establishing a strong empirical footing
on such matters will scientists be able to broker informed
societal discussions on what boundaries should be drawn,
and potentially advocate for waivers or relaxation of re-
strictions due to the public interest of the research.

Responsibility

Among SM researchers, sustainability scientists have a unique
responsibility to conduct research that reduces the potential
for undesired environmental impacts and, indirectly, the resulting
effects on health and well-being of people depending on such
environments. While much SM-based research advocates for
wider conservation and improved environmental management,
the high spatial and temporal resolution of the data also has
the potential for misuse and undesired outcomes. For example,
while SM data might be used to track illegal trafficking of endan-
gered species, ' they could also be used to target and exploit
these species. Similarly, monitoring of unwanted visitors’
behavior in protected areas may perversely end up promoting
such behaviors.®” Models of aesthetic appreciation® might be
used by developers to find locations for housing and tourism
development projects, accelerating amenity migration and rural
gentrification,'“®“° and potentially compromising the unique
cultural landscapes and natural beauty in receiving areas.
Finally, using SM to identify scenic or otherwise special areas
can result in rapid increases in visitation, with associated envi-
ronmental and experiential degradation at sites with limited ca-
pacities to accommodate such high use."*° Researchers should
take all necessary precautions to minimize such risks; for
example, by not disclosing the precise locations of rare observa-
tions such as locations of endangered species, unique natural
features, and sensitive ecosystems.

CONCLUSIONS

Within this review, we underscore the potential of SM for sustain-
ability research that serves common interests by creating new
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knowledge of human-nature interactions at broad geographical
scales, observing temporal dynamics in different social-ecolog-
ical systems, and understanding how environmental meanings
and values are shaped in the digital realm. We show how such
insights can be instrumental in addressing the targets set by
the UN SDGs. Without downplaying the challenges involved in
SM data-based research, which have been extensively investi-
gated in previous studies,'®""'°? this form of passive sensing
has the potential to usher in a revolution in the current practices
of sustainability research, especially in the social sciences,'?
which we consider on par with recent advances in Earth obser-
vation for the environmental sciences.'**

To allow this emerging research field to flourish, broad access
to a multiplicity of SM sources, in a way that is consistent over
time, is essential. Shutdowns of platforms, increasing data us-
age restrictions (including payment requirements), and censor-
ship are threatening the successful expansion of this novel
research frontier. Different incentives for academics and industry
hamper scalable collaborations, and scientists are currently
largely dependent on the goodwill of SM platforms to allow
free access to these data. There is also concern that societal
distrust about how SM data are being used may result in further
restrictions on data access. By showing how continued and
broad access to SM data can help address questions of great
societal importance, this review aims at contributing to breaking
this vicious cycle. It offers a novel environment- and sustainabil-
ity-oriented perspective to the ongoing societal debate on
acceptable standards and rules under which data can be ethi-
cally utilized.

Sustainability researchers using SM data have a unique role to
play as well as unique duties in fostering greater trust and coop-
eration. A broad endorsement of universal principles and stan-
dards in the use of SM data that guarantee inclusivity, as well
as carefully balancing the needs for research transparency and
privacy protection, will promote high ethical standards and in-
crease the legitimacy and positive impact of resulting research.
The shared values and goals of working for a sustainable future
may provide common ground for cooperation, and motivation for
establishing wide-ranging collaboration between SM com-
panies, academia, and society in a virtuous cycle. While our crit-
ical review suggests that sustainability researchers have, on the
whole, adhered to ethical standards, an improved standardiza-
tion of research practices is necessary to rise to the challenge
of realizing the potential of these data in an ethical way.

SM data provide an unprecedented platform for the observation
of how behavior, narratives, and visions related to the environment
and sustainability evolve across cultures and over time. By allow-
ing this novel field of research to realize its full potential, some of
the very tools that are often pointed at as being partly responsible
for the loss of human-nature interactions might paradoxically turn
out to play an important role in counteracting such extinction of
experience and promoting a more sustainable society.

EXPERIMENTAL PROCEDURES

Resource availability

Lead contact

Further information and requests for resources should be directed to and will
be fulfilled by the lead contact, Andrea Ghermandi (aghermand@univ.haifa.
ac.il).
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Material availability

This study did not generate new unique materials.

Data and code availability

References to reviewed articles and our associated evaluated data are depos-
ited in the FAIR aligned ZENODO repository (https://doi.org/10.5281/zenodo.
7517193) and are publicly available as of the date of publication. This paper
does not report original code.

Review protocol

This critical review relies on an extensive database of studies applying SM data
in environmental sustainability research, which were collected and reviewed in
full by the authors. Rather than providing a comprehensive summary of all rele-
vant literature as in a systematic review, our objective was to take stock and
evaluate the previous body of work in the field in order to promote conceptual
innovation from its critical examination.'®* Building on a set of 169 studies
collected in a previous systematic review of SM data applications in environ-
mental research,’’ the database includes additional relevant studies that
were identified by snowballing previous references and adding further gray
and scientific academic articles known to the authors. For studies to be
included in our analysis, they had to involve the use of data from one or
more SM platforms and investigate human interactions with and/or impacts
on the environment. We relied on a broad definition of SM including any
Web site or application that enables users to create and share content or to
participate in social networking (e.g., blogging sites, recommendation sites,
and online forums). We further strengthened the analysis by including insights
from additional literature on SM that do not have a direct application to envi-
ronmental sustainability (e.g., studies on biases in SM data).

The final database consists of 415 studies, which were published between
2011 and 2021. The full references of all studies are provided in the supple-
mental information. As a group of natural and social scientists using SM
data primarily for understanding environmental spatial phenomena, we
acknowledge that the sample of studies might inadvertently be skewed toward
spatial analysis.

All studies were read in full by the authors and analyzed according to the spe-
cific themes of interest for this review. First, each study was classified based on
the investigated SM platform(s), the spatial scale of analysis (i.e., local, city/
county, regional/national, supranational/continental, global), and the presence
of analysis of temporal changes or trends. Subsequently, we characterized how
each SM data analysis advanced environmental sustainability research by the
way it addressed or contributed to SDG targets. Each study was assigned to
the most closely related SDG target only, although it might be relevant to mul-
tiple ones, even pertaining to different SDGs (e.g., a study on the cultural signif-
icance of small-scale mountain farms could pertain to both SDG targets 2.4
“Sustainable agriculture” and 15.4 “Conservation of mountain ecosystems”).
We focused in particular on identifying unique contributions and insights that
can be generated with these data, as well as potential threats and limitations
associated with their current or future use. In addition, we investigated the
ethical standards adopted in the studies during the phases of SM data retrieval,
handling, and reporting, with an emphasis on the role of researchers in promot-
ing good practices in applying SM data in environmental sustainability research.
Forinstance, we evaluated whether the authors explicitly acknowledged ethical
or privacy concerns in their data handling and whether they relied on existing
guidelines and regulations. We also examined whether the data were reported
and stored in a way that ensures the anonymity of individual users, and the de-
gree to which the studies appeared to have collected and investigated poten-
tially sensitive information, such as personal identifiers and other user informa-
tion. Finally, we characterized the degree to which studies made the data and
methodology available in an open and transparent way.

SUPPLEMENTAL INFORMATION

Supplemental information can be found online at https://doi.org/10.1016/].
oneear.2023.02.008.
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Table S1. Classification of the 415 studies in the database based on application and related Sustainable Development Goal target

SDG

SDG target

Application

Focus of supporting studies

Sustainable agriculture
(2.4)

Assess cultural
significance of
agricultural landscapes
Map and monitor urban
farming

In Tuscany, Italy!-3 and Europe*
Mountain agriculture in Trento, Italy>

Four world metropolises®

Sustainable
development
education (4.7)

Explore meaning-making
about environment and
sustainability

Young adults in Sweden?
Empathy expression in New Yorks

Safe drinking water
(6.1)

Water quality (6.3)

Water-related
ecosystems (6.6)

Gauge public attitude
toward management

Inform operation of
supply systems
Promote sustainable
sanitation

Value benefits of quality
improvement
Inform ecosystem
restoration

Assess provision of
cultural ecosystem
services

Monitor environmental
change

Shutdown of water supply due to pollution in USA®
Water charges in Ireland10

Analyze water discourses!!

Catchment hydrology in Italian Alps?2

Benefits of nature-based solutions13.14
Recreation in Minnesota lakes?>

Great Lakes, USA16.17
Tourism in a Ramsar wetland in Indial8

Wetlands in South Koreal929, India21, France?2, Canada?3, China24

Danube25, Ebro2627 river deltas
Rivers in Idaho28, the Netherlands29
Lakes in the USA39, globally31

Water level in a Saudi Arabian cave3?2

Access to energy
services (7.1)

Explore public
perception of energy

Energy utilities merger in the Carolinas33
Nuclear energy risk communication in the USA34



Share of renewable
energy (7.2)

supply and energy
projects

Understand public
opinion on renewable
energy

Coal seam gas project in Alaska35

Debate concerning Keystone XL pipeline3®é

Hydraulic fracturing3?

Communication by anti-coal activist movements38
Three Gorges Dam hydroelectricity project3?
Preferences for energy policies in Spain and UK*0
Local opposition to wind power project in Germany#!

Sustainable tourism
(8.9)

Characterize spatial-
temporal patterns of
tourist visits

Analyze tourist
movements and choices

Tourism in China#?, Shenzhen43, Hong Kong*445, Beijing#6-48,

Qingdao*%, Huangshans?, Cilento, Italys!, Tokyo52, NE Portugals3,

India54, Europess, worldwide5657

Hotspots in Nepals8, European cities>9.60
Areas of Interest in six world metropolisesé!
Tourism routes in New York City6263
Tourists’ behavior in California®46s

Visitors perceptions of lake tourism6é

Sustainable and clean
industries (9.4)

Analyze sustainability
marketing
communication

Environmental disclosure of Brazilian companies6’
Fortune 500 enterprisest8

Inclusion (social,
economic and political)
(10.2)

Address inequality in
access to natural areas

Green gentrification in Barcelona$®
Visitation and access in New York City’s parks70
Inequality in access to protected areas in Chile7!

Public transport
systems (11.2)

Analyze cycling
infrastructure and their
use

Plan and improve public
transport systems

Path networks in Belgium?2, Amsterdam and Osnabrueck?3
Investment in cycling infrastructure in Glasgow?7+
Exposure of cyclists to air pollution in Glasgow75

Cycling behavior in Glasgow?76

Sentiment of transportation-related tweets during London
Olympics??

Human mobility in Chicago78

Public opinion about transport system?”®



Inclusive and
sustainable
urbanization (11.3)

Cultural and natural
heritage (11.4)

Resilience to disasters
(11.5)

Characterize visual
quality of urban
landscape

Map urban functions and
urban land use

Examine use and
management of heritage
sites

Detect and characterize
flood extent and severity

Social sensing of natural
hazards for footprint and
damage assessment

Enhance preparedness,
response and recovery

City of Livorno, Italy89, Province of Barcelona?!, various citiess2
Public open spaces in Munichs83

Amsterdam?4, London8586, Turku, Finland®’, Guangzhou, China88-
90, Beijing?!, Shanghai®?, Edinburgh?3, Dakar?4, St. Petersburg?s,
Sapporo?, Chicago??, Shenzhen%, multiple cities?9.100
Monitor urbanization and urban sprawl]10?

Visitor flows worldwide192

Tourist movement in Cuzco and Machu Picchu03
UNESCO World Heritage sites in conflict areas!04
Historic urban landscape of Tripoli, Lebanon0s
Communication about Marine World Heritage sites!06
Flood extent maps in UK107-109, Germany?110.111 [J§112,113
Philippines and Pakistan!!4, Chinal!s

Prediction of flood events!16117

Flood velocity and streamflow estimation118119
Flooding thresholds in the US East Coast!20
Prioritization of flood responsel2!

Earthquakes122123

Hurricanes124-126

Wildfires127-129

High winds130

Heavy precipitation?3?

Typhoon Haiyan!32

Hurricane Sandy!33-137

Wildfires138139

Crisis development, refugee flows after Arab Spring!40
Multiple disasters, including Hurricane Sandy4!
Monitor community mood to enhance resiliencel42
Severe weather risk communication!43



Urban green and
public spaces (11.7)

Assess ecosystem
services of urban parks
and green infrastructure

Evaluate well-being
benefits from exposure to
nature

Understand public
opinion, perceptions and
satisfaction

Winter storms144

Drought risk management!45

Post-disaster (earthquake) recovery!4é

Green spaces in cities in Turkey!47.148, Chinal49-157, Germany158.159,
USA160, Canadal6l, Denmark!62, Finland163.164, Spain65, Australial¢s,
Singapore167—170’ UK171,172

Places of importance for local urban residents!73

Nanjing residents during COVID-19 pandemic!7+

Cities of Szeged, Hungary!75, San Francisco!7¢, Boston!77

Urban parks in New York City178, USA cities179

Green spaces in Dublin!8%, London181.182, Shenzhen183, Beijing184-
186, Birmingham187.188 Seoul189.190, New York City191.192, Zurich193

Management of
chemicals and wastes

(12.4)

Corporate sustainable
practices (12.6)

Sustainable
development
awareness (12.8)

Monitor solid waste
management

Infer urban air pollution
levels and inform air
pollution debate

Inform corporate
sustainability practices

Assess impacts on
business performance
Uncover public
perspectives on
sustainability topics

Odors from landfills in China194

Impact of litter on wildlife195

Power relations in communication about air pollution in Chinal9%
Predict particulate matter concentration in Beijing197
Atmospheric air quality and health effects, globally198

Air quality index for Chinese cities!99

Spillover effects of environmental regulation in China200
Information from social media as input to decision-makers201
Assessment of supply chain risks and uncertainty?202

Effect of social activism on stock market performance of Spanish
banks203

Sentiment of sustainability-related tweets204

Discourses on sustainability and consumption205

Debate about seal hunting in Canada?2%¢

Conceptions of health and sustainability in beverage
consumption207

Global debate about land grabbing208



Understand perceptions
of nature

Explore spread of
sustainability
information

Analyze communication
on environmental politics

Testing the biophilia hypothesis209

Classifying public opinions on nature?210

Discourse and dissemination around nature-deficit disorder211
Effectiveness of science communication in Italy?212

Circulation of environmental information?13

Biodiversity conservation awareness214

Communication about natural capital concept?!5, conservation
science?16, Deepwater Horizon oil spill217

Greens party in Australia?18

UKIP party in UK?219

Resilience and
adaptive capacity
(13.1)

Climate change
policies (13.2)
Climate change
awareness (13.3)

Identify mismatches in
socio-ecological systems

Assess impacts on
nature-based recreation
Explore perception of
impacts and policies
Analyze online
discussions on climate
change

Wildflower phenology and human visitation in Mount Rainier
National Park?20, green areas in Beijing?2!

Public response to heat waves222

National parks in the USA223

Low-carbon cities in China?24

Remarkability of temperature anomalies225

Discussions on COP21226, 2013 IPCC report?27

Gender differences?28 and social network effects?29.230 in climate
change communication

Discourses of climate change skeptics or deniers231-234

Climate change-related discussions in China?35, and globally?236-238
Effect of weather events on climate change discussion?39-242
Climate change science learning and environmentally friendly
behaviorz43

Marine and coastal
ecosystems (14.2)

Assess coastal and
marine ecosystem
services

Whale watching in Sri Lanka244

Recreation in NW Portugal?45, Gold Coast, Australiaz4¢, Azov Sea
shores?47, beaches in Indonesia248

Eco-tourism in Great Barrier Reef 249.250, Seychelles?51
Recreational fisheries252253



Conservation of coastal
areas (14.5)

Map human interactions
with marine species and
disturbance to
ecosystems

Assess benefits of marine
protected areas

Global coral reef tourism254

Multiple cultural ecosystem services in Lithuania2ss, MexicoZ25¢,
Turkey?57, the Netherlands258

Cetacean occurrences in Italian Mediterranean Sea259

Human interactions with Hawaiian monk seal260
Environmental impacts from tourism in Iceland2é!
Environmental monitoring in Great Barrier Reef262.263
Occurrence of jellyfish in Malta264

Multiple marine protected areas worldwide?265.266

Tarutao National Marine Park, Thailand?267.268

Coral Coast in Brazil269

Terrestrial and
freshwater ecosystems
(15.1)

Map land use/land cover
or geomorphometry

Analyze public
perception and benefits
of terrestrial protected
areas

Investigate human-
nature conflicts

Land use/land cover in urban green areas in London279, San Diego
county, USA271

Landscape variation and folksonomies in Switzerland?272
Geomorphometry in UK273

Nature-based tourism and recreation in Spain274-276, South
Africa?77-280, Finland?277.280-282, [srael283, USA284-289, Australiaz90.291,
UK?292, Germany?93294, and globally295-297

Landscape aesthetics in Yorkshire Dales National Park, UK298
Public perceptions of national parks in Nepal299, South Africa300
Mountain biking in Sintra-Cascais Natural Park, Portugal301
Multiple cultural ecosystem services of protected areas in
Portugal302303, Spain304305, Argentina3é, Finland307, Brazil308
Tourism pressure in Korean national parks309

Attractors for eco-tourists in sub-Saharan protected areas310-312
Discourses about controversial environmental management issues
in Australia313

Cattle grazing in Californian rangelands314

Hunting in British Columbia315

Unwanted visitors’ behavior in South African national park316



Sustainable forest
management (15.2)

Conservation of
mountain ecosystems
(15.4)

e Assess cultural

ecosystem services

Quantify landscape
aesthetic values

Complement traditional
monitoring

Evaluate environmental
protection policies
Assess cultural
ecosystem services of
urban vegetation
Assess cultural
ecosystem services of
forests

Assess benefits of
mountain eco-tourism

Nature-based tourism and recreation in New Zealand3!?, South
Koreas318, UK319, Florida329, Estonia32!, Switzerland322, the
Netherlands322323, [srael324, Costa Rica325, Argentina32¢6, China327,
Norways328, Europe329330, Arctic331332, Canada333, USA334-336
Wildlife watching in the USA337, Scotland338

Cultural ecosystem services in Germany339, multiple sites in
Europe349, of native and non-native trees in Spain341.342
Experience tranquility343.344

Visitors’ perceptions in the UK345346, Spain347, USA348-350,
Switzerland351352, Turkey3s3, Estonia3>4, Slovenia3>5, Europe3ss,
Japan3s?

Species distribution, climate data, land use / land cover in
Europe358-361

Population distribution362.363

Occurrence of landslides364

Vegetation phenology365

Index of environmental quality36é

Seasonal color change in the environment367

Benefits of investments in Public Land Acquisition368

Mangroves in Singapore369.370
Forests in Warsaw agglomeration37!

Forests in Tuscany, Italy372

Mount Baker-Snoqualmie National Forest373
Gariwangsan and Yeoninsan forests in South Korea374
Forests on conserved lands in Vermont, USA375
Indian Himalayan Region376.377

Berchtesgaden National park in Germany378
Dolomites UNESCO World Heritage Site379



e Highest mountain in Australia380381
e European Alps382
e Mount Etna383

e Assess mountain cultural e Dolomites UNESCO World Heritage Site38+

ecosystem services e Aesthetic values in Austria385, France386
e ‘Quatre montagnes’ in the French Alps387
Loss of biodiversity e Collect information on e Spatial variation in species traits in Japan388
(15.5) species ecology and e Species determination in digital media38°
behavior ¢ Ecology and behavior of shrikes39

e Winged ant emergence, autumnal house spider sightings, and
starling murmurations across the UK391

e Behavior of red and grey squirrels in Europe392
e Trophic interactions393

e Map species distribution e Flowering plants in the UK394
e Monarch butterfly and snowy owl395
e Bees and flowering plants in Australia3°e
e Iberian Argiope spider species in Spain397

e Characterize human- e African painted dog398

wildlife interactions e Giant panda in China3%?

e Iconic terrestrial vertebrates in French alpine national parks400
e Birds in Chicago, IL, USA%01
e Tourism pressure in grizzly bear recovery areas#02
e Grouse species during winter recreational activities*03

e Monitor and respond to e [llegal sport hunting in Brazil404
illegal activities e Conservation-related violence toward poachers40s
e Analyze perceptions of e Sentiment toward iconic species406
biodiversity and e (Global Important Bird and Biodiversity Areas+0?
endangered species e Public perception of slow lorises#08

e Public engagement with endangered species*0®



Protected species e Monitor online wildlife Indonesian songbirds+10

trafficking (15.7) trade e Orchids#11

e Slow loris trade in Turkey#!2
Invasive alien species e Monitor spread of non- e Freshwater turtles in the UK#13
(15.8) native species e QOak processionary in Europe#14

e QOak processionary moth, emerald ash borer, eastern grey
squirrel41s




Supplemental References

10.

11.

12.

Alampi Sottini, V., Barbierato, E., Bernetti, I., Capecchi, 1., and Menghini, S. (2018). Digital
footprints: Incorporating crowdsourced geo-graphic information for spatial evaluation of
cultural ecosystem services in agricultural landscape. In Proceedings of Agro Big Data and
Decision Support Systems in Agriculture, pp. 11-14.

Alampi Sottini, V., Barbierato, E., Bernetti, I., Capecchi, I., Fabbrizzi, S., and Menghini, S.
(2019). Winescape perception and big data analysis: An assessment through social media
photographs in the Chianti Classico region. Wine Econ. Policy 8, 127-140.
https://doi.org/10.1016/j.wep.2019.07.001.

Alampi Sottini, V., Barbierato, E., Bernetti, I., Capecchi, I., Fabbrizzi, S., and Menghini, S.
(2019). The use of crowdsourced geographic information for spatial evaluation of cultural
ecosystem services in the agricultural landscape: the case of Chianti Classico (Italy). New
Medit 18. https://doi.org/10.30682/nm1902g.

Tieskens, K.F., Schulp, C.J.E., Levers, C., Lieskovsky, J., Kuemmerle, T., Plieninger, T., and
Verburg, P.H. (2017). Characterizing European cultural landscapes: Accounting for structure,
management intensity and value of agricultural and forest landscapes. Land Use Policy 62,
29-39. https://doi.org/10.1016/j.landusepol.2016.12.001.

Geneletti, D., Scolozzi, R., and Adem Esmail, B. (2018). Assessing ecosystem services and
biodiversity tradeoffs across agricultural landscapes in a mountain region. Int. J. Biodivers.
Sci. Ecosyst. Serv. Manag. 14, 188-208. https://doi.org/10.1080/21513732.2018.1526214.
Brown, M.E., and McCarty, J.L. (2017). Is remote sensing useful for finding and monitoring
urban farms? Appl. Geogr. 80, 23-33. https://doi.org/10.1016/j.apgeog.2017.01.008.
Andersson, E., and Ohman, J. (2017). Young people’s conversations about environmental
and sustainability issues in social media. Environ. Educ. Res. 23, 465-485.
https://doi.org/10.1080/13504622.2016.1149551.

Wheeler, H., and Quinn, C. (2017). Can Facebook aid sustainability? An investigation of
empathy expression within the Humans of New York Blog. Sustainability 9, 1005.
https://doi.org/10.3390/su9061005.

Cha, Y., and Stow, C.A. (2015). Mining web-based data to assess public response to
environmental events. Environ. Pollut. 198, 97-99.
https://doi.org/10.1016/j.envpol.2014.12.027.

Quinn, M., Lynn, T., Jollands, S., and Nair, B. (2016). Domestic water charges in Ireland -
Issues and challenges conveyed through social media. Water Resour. Manag. 30, 3577-3591.
https://doi.org/10.1007/s11269-016-1374-y.

Mancilla-Garcia, M. (2015). Does social media benefit dominant or alternative water
discourses. Water Altern. 8, 125-146.

Giuliani, M., Castelletti, A., Fedorov, R., and Fraternali, P. (2016). Using crowdsourced web
content for informing water systems operations in snow-dominated catchments. Hydrol.
Earth Syst. Sci. 20, 5049-5062. https://doi.org/10.5194/hess-20-5049-2016.

10



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Ghermandi, A. (2016). Analysis of intensity and spatial patterns of public use in natural
treatment systems using geotagged photos from social media. Water Res. 105, 297-304.
https://doi.org/10.1016/j.watres.2016.09.009.

Ghermandi, A. (2018). Integrating social media analysis and revealed preference methods to
value the recreation services of ecologically engineered wetlands. Ecosyst. Serv. 31, 351-
357. https://doi.org/10.1016/j.ecoser.2017.12.012.

Keeler, B.L., Wood, S.A., Polasky, S., Kling, C., Filstrup, C.T., and Downing, J.A. (2015).
Recreational demand for clean water: Evidence from geotagged photographs by visitors to
lakes. Front. Ecol. Environ. 13, 76-81. https://doi.org/10.1890/140124.

Allan, J.D., Smith, S.D., Mclintyre, P.B., Joseph, C.A., Dickinson, C.E., Marino, A.L., Biel,
R.G., Olson, J.C., Doran, P.J., Rutherford, E.S., et al. (2015). Using cultural ecosystem
services to inform restoration priorities in the Laurentian Great Lakes. Front. Ecol. Environ.
13, 418-424. https://doi.org/10.1890/140328.

Angradi, T.R., Launspach, J.J., and Debbout, R. (2018). Determining preferences for
ecosystem benefits in Great Lakes Areas of Concern from photographs posted to social
media. J. Gt. Lakes Res. 44, 340-351. https://doi.org/10.1016/j.jglr.2017.12.007.

Sinclair, M., Ghermandi, A., and Sheela, A.M. (2018). A crowdsourced valuation of
recreational ecosystem services using social media data: An application to a tropical wetland
in India. Sci. Total Environ. 642, 356-365. https://doi.org/10.1016/j.scitotenv.2018.06.056.
Do, Y. (2019). Valuating aesthetic benefits of cultural ecosystem services using conservation
culturomics. Ecosyst. Serv. 36, 100894. https://doi.org/10.1016/j.ecoser.2019.100894.

Do, Y., and Kim, J.Y. (2020). An assessment of the aesthetic value of protected wetlands
based on a photo content and its metadata. Ecol. Eng. 150, 105816.
https://doi.org/10.1016/j.ecoleng.2020.105816.

Sinclair, M., Ghermandi, A., Moses, S.A., and Joseph, S. (2019). Recreation and
environmental quality of tropical wetlands: A social media based spatial analysis. Tour.
Manag. 71, 179-186. https://doi.org/10.1016/j.tourman.2018.10.018.

Gosal, A.S., Geijzendorffer, I.R., Vaclavik, T., Poulin, B., and Ziv, G. (2019). Using social
media, machine learning and natural language processing to map multiple recreational
beneficiaries. Ecosyst. Serv. 38, 100958. https://doi.org/10.1016/j.ecoser.2019.100958.
Chen, Y., Caesemaecker, C., Rahman, H.T., and Sherren, K. (2020). Comparing cultural
ecosystem service delivery in dykelands and marshes using Instagram: A case of the
Cornwallis (Jijuktu’kwejk) River, Nova Scotia, Canada. Ocean Coast. Manag. 193, 105254.
https://doi.org/10.1016/j.ocecoaman.2020.105254.

Tian, T., Sun, L., Peng, S., Sun, F., and Che, Y. (2021). Understanding the process from
perception to cultural ecosystem services assessment by comparing valuation methods. Urban
For. Urban Green. 57, 126945. https://doi.org/10.1016/j.ufug.2020.126945.

Bulai, A.T., Zaharof, C., and Groza, O. (2018). The usage of geotagged social media photos
as a method to monitor the tourism activity in the Danube delta. In Proceedings of
Geobalcanica http://dx.doi.org/10.18509/GBP.2018.50.

11



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Callau, A.A., Albert, M.Y.P., Rota, J.J., and Giné, D.S. (2019). Landscape characterization
using photographs from crowdsourced platforms: content analysis of social media
photographs. Open Geosci. 11, 558-571. https://doi.org/10.1515/ge0-2019-0046.

Rota, J., Albert, P.M.Y., and Giné, S.D. (2019). Visitor monitoring in protected areas: An
approach to Natura 2000 sites using Volunteered Geographic Information (VGI). Geogr.
Tidsskr.-Dan. J. Geogr. 119, 69-83. https://doi.org/10.1080/00167223.2019.1573409.

Hale, R.L., Cook, E.M., and Beltran, B.J. (2019). Cultural ecosystem services provided by
rivers across diverse social-ecological landscapes: A social media analysis. Ecol. Indic. 107,
105580. https://doi.org/10.1016/j.ecolind.2019.105580.

Tieskens, K.F., Van Zanten, B.T., Schulp, C.J.E., and Verburg, P.H. (2018). Aesthetic
appreciation of the cultural landscape through social media: An analysis of revealed
preference in the Dutch river landscape. Landsc. Urban Plan. 177, 128-137.
https://doi.org/10.1016/j.landurbplan.2018.05.002.

Nelson, E., Rogers, M., Wood, S., Chung, J., and Keeler, B. (2020). Using “big data” to
explain visits to lakes in 17 US States. Econ. Dep. Work. Pap. Ser. 17.

Sterner, R.W., Keeler, B., Polasky, S., Poudel, R., Rhude, K., and Rogers, M. (2020).
Ecosystem services of Earth’s largest freshwater lakes. Ecosyst. Serv. 41, 101046.
https://doi.org/10.1016/j.ecoser.2019.101046.

Michelsen, N., Dirks, H., Schulz, S., Kempe, S., Al-Saud, M., and Schuth, C. (2016).
YouTube as a crowd-generated water level archive. Sci. Total Environ. 568, 189-195.
https://doi.org/10.1016/j.scitotenv.2016.05.211.

Autry, M.K,, and Kelly, A.R. (2012). Merging Duke Energy and Progress Energy: Online
public discourse, post-Fukushima reactions, and the absence of environmental
communication. Environ. Commun. 6, 278-284.
https://doi.org/10.1080/17524032.2012.672444.

Binder, A.R. (2012). Figuring out #Fukushima: An initial look at functions and content of
US Twitter commentary about nuclear risk. Environ. Commun. 6, 268-277.
https://doi.org/10.1080/17524032.2012.672442.

Hendriks, C.M., Duus, S., and Ercan, S.A. (2016). Performing politics on social media: The
dramaturgy of an environmental controversy on Facebook. Environ. Polit. 25, 1102-1125.
https://doi.org/10.1080/09644016.2016.1196967.

Hodges, H.E., and Stocking, G. (2016). A pipeline of Tweets: Environmental movements’
use of Twitter in response to the Keystone XL pipeline. Environ. Polit. 25, 223-247.
https://doi.org/10.1080/09644016.2015.1105177.

Jaspal, R., Turner, A., and Nerlich, B. (2014). Fracking on YouTube: Exploring risks, benefits
and human values. Environ. Values 23, 501-527.
https://doi.org/10.3197/096327114X13947900181473.

Moneer, A. (2020). “We have to say no to coal”: Facebook framings of the Egyptians against
Coal movement. ERDE - J. Geogr. Soc. Berl. 151, 129-141. https://doi.org/10.12854/erde-
2020-460.

12



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Jiang, H., Qiang, M., and Lin, P. (2016). Assessment of online public opinions on large
infrastructure projects: A case study of the Three Gorges Project in China. Environ. Impact
Assess. Rev. 61, 38-51. https://doi.org/10.1016/j.eiar.2016.06.004.

Loureiro, M.L., and All6, M. (2020). Sensing climate change and energy issues: Sentiment
and emotion analysis with social media in the U.K. and Spain. Energy Policy 143, 111490.
https://doi.org/10.1016/j.enpol.2020.111490.

Reusswig, F., Braun, F., Heger, I., Ludewig, T., Eichenauer, E., and Lass, W. (2016). Against
the wind: Local opposition to the German Energiewende. Util. Policy 41, 214-227.
https://doi.org/10.1016/j.jup.2016.02.006.

Su, S., Wan, C., Hu, Y., and Cai, Z. (2016). Characterizing geographical preferences of
international tourists and the local influential factors in China using geo-tagged photos on
social media. Appl. Geogr. 73, 26-37. https://doi.org/10.1016/j.apge0g.2016.06.001.

Sun, Y., Shao, Y., and Chan, E.H.W. (2020). Co-visitation network in tourism-driven peri-
urban area based on social media analytics: A case study in Shenzhen, China. Landsc. Urban
Plan. 204, 103934. https://doi.org/10.1016/j.landurbplan.2020.103934.

Su, X., Spierings, B., Dijst, M., and Tong, Z. (2020). Analysing trends in the spatio-temporal
behaviour patterns of mainland Chinese tourists and residents in Hong Kong based on Weibo
data. Curr. Issues Tour. 23, 1542-1558. https://doi.org/10.1080/13683500.2019.1645096.
Vu, H.Q., Li, G, Law, R., and Ye, B.H. (2015). Exploring the travel behaviors of inbound
tourists to Hong Kong using geotagged photos. Tour. Manag. 46, 222-232.
https://doi.org/10.1016/j.tourman.2014.07.003.

Chen, W., Xu, Z., Zheng, X., and Luo, Y. (2019). Geo-tagged photo metadata processing
method for Beijing inbound tourism flow. ISPRS Int. J. Geo-Inf. 8, 556.
https://doi.org/10.3390/ijgi8120556.

Jing, C., Dong, M., Du, M., Zhu, Y., and Fu, J. (2020). Fine-grained spatiotemporal dynamics
of inbound tourists based on geotagged photos: A case study in Beijing, China. IEEE Access
8, 28735-28745. https://doi.org/10.1109/ACCESS.2020.2972309.

Peng, X., and Huang, Z. (2017). A novel popular tourist attraction discovering approach
based on geo-tagged social media big data. ISPRS Int. J. Geo-Inf. 6, 216.
https://doi.org/10.3390/ijgi6070216.

Mou, N., Zheng, Y., Makkonen, T., Yang, T., Tang, J., and Song, Y. (2020). Tourists’ digital
footprint: The spatial patterns of tourist flows in Qingdao, China. Tour. Manag. 81, 104151.
https://doi.org/10.1016/j.tourman.2020.104151.

Shao, H., Zhang, Y., and Li, W. (2017). Extraction and analysis of city’s tourism districts
based on social media data. Comput. Environ. Urban Syst. 65, 66-78.
https://doi.org/10.1016/j.compenvurbsys.2017.04.010.

Chua, A., Servillo, L., Marcheggiani, E., and Moere, A.V. (2016). Mapping Cilento: Using
geotagged social media data to characterize tourist flows in southern Italy. Tour. Manag. 57,
295-310. https://doi.org/10.1016/j.tourman.2016.06.013.

13



52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

Lin, J.-Y., Wen, S.-M., Hirota, M., Araki, T., and Ishikawa, H. (2020). Less-known tourist
attraction discovery based on geo-tagged photographs. Mach. Learn. Knowl. Extr. 2, 414—
435. https://doi.org/10.3390/make2040023.

da Silva Lopes, H.T., Reomaldo, P.C., and Ribeiro, V. (2018). The use of photos of the social
networks in shaping a new tourist destination: Analysis of clusters in a GIS environment. In
Spatial Analysis, Modelling and Planning, J. Rocha and J. A. Teneddrio, eds. (IntechOpen),
pp. 95-114.

Baksi, A.K. (2020). Understanding responsible tourism perception by mining Twitter data:
A sentiment analysis approach. J. Tour. 21, 29-45.

Batista e Silva, F., Marin Herrera, M.A., Rosina, K., Ribeiro Barranco, R., Freire, S., and
Schiavina, M. (2018). Analysing spatiotemporal patterns of tourism in Europe at high-
resolution with conventional and big data sources. Tour. Manag. 68, 101-115.
https://doi.org/10.1016/j.tourman.2018.02.020.

Dunkel, A., Lochner, M., and Burghardt, D. (2020). Privacy-aware visualization of
Volunteered Geographic Information (VGI) to analyze spatial activity: A benchmark
implementation. ISPRS Int. J. Geo-Inf. 9, 607. https://doi.org/10.3390/ijgi9100607.

Preis, T., Botta, F., and Moat, H.S. (2020). Sensing global tourism numbers with millions of
publicly shared online photographs. Environ. Plan. Econ. Space 52, 471-477.
https://doi.org/10.1177/0308518X19872772.

Devkota, B., Miyazaki, H., Witayangkurn, A., and Kim, S.M. (2019). Using Volunteered
Geographic Information and nighttime light remote sensing data to identify tourism areas of
interest. Sustainability 11, 4718. https://doi.org/10.3390/su11174718.

Garcia-Palomares, J.C., Gutiérrez, J., and Minguez, C. (2015). Identification of tourist hot
spots based on social networks: A comparative analysis of European metropolises using
photo-sharing services and GIS. Appl. Geogr. 63, 408-417.
https://doi.org/10.1016/j.apge0g.2015.08.002.

Sun, Y., Fan, H., Bakillah, M., and Zipf, A. (2015). Road-based travel recommendation using
geo-tagged images. Comput. Environ. Urban Syst. 53, 110-122.
https://doi.org/10.1016/j.compenvurbsys.2013.07.006.

Hu, Y., Gao, S., Janowicz, K., Yu, B., Li, W., and Prasad, S. (2015). Extracting and
understanding urban areas of interest using geotagged photos. Comput. Environ. Urban Syst.
54, 240-254. https://doi.org/10.1016/j.compenvurbsys.2015.09.001.

Hu, F., Li, Z.,, Yang, C., and Jiang, Y. (2019). A graph-based approach to detecting tourist
movement patterns using social media data. Cartogr. Geogr. Inf. Sci. 46, 368-382.
https://doi.org/10.1080/15230406.2018.1496036.

Mor, M., Oehrlein, J., Haunert, J.-H., and Dalyot, S. (2020). Whom to follow? A comparison
of walking routes computed based on social media photos from different types of
contributors. AGILE GIScience Ser. 1, 1-19. https://doi.org/10.5194/agile-giss-1-16-2020.

14



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Alivand, M., and Hochmair, H.H. (2017). Spatiotemporal analysis of photo contribution
patterns to Panoramio and Flickr. Cartogr. Geogr. Inf. Sci. 44, 170-184.
https://doi.org/10.1080/15230406.2016.1211489.

Alivand, M., Hochmair, H., and Srinivasan, S. (2015). Analyzing how travelers choose scenic
routes using route choice models. Comput. Environ. Urban Syst. 50, 41-52.
https://doi.org/10.1016/j.compenvurbsys.2014.10.004.

McCreary, A., Seekamp, E., Davenport, M., and Smith, J.W. (2020). Exploring qualitative
applications of social media data for place-based assessments in destination planning. Curr.
Issues Tour. 23, 82-98. https://doi.org/10.1080/13683500.2019.1571023.

Cavalcante, V.J., and Dante, B. (2016). Environmental and social disclosure through social
networks: A study at companies listed in the BM&FBOVESPAIBRX-100. Rev. Gestao
Ambient. E Sustentabilidade 5, 19-34.

Lee, Y.-C. (2017). Corporate sustainable development and marketing communications on
social media: Fortune 500 enterprises. Bus. Strategy Environ. 26, 569-583.
https://doi.org/10.1002/bse.1936.

Amorim Maia, A.T., Calcagni, F., Connolly, J.J.T., Anguelovski, I., and Langemeyer, J.
(2020). Hidden drivers of social injustice: Uncovering unequal cultural ecosystem services
behind green gentrification. Environ. Sci. Policy 112, 254-263.
https://doi.org/10.1016/j.envsci.2020.05.021.

Hamstead, Z.A., Fisher, D., llieva, R.T., Wood, S.A., McPhearson, T., and Kremer, P. (2018).
Geolocated social media as a rapid indicator of park visitation and equitable park access.
Compult. Environ. Urban Syst. 72, 38-50.
https://doi.org/10.1016/j.compenvurbsys.2018.01.007.

Martinez-Harms, M.J., Bryan, B.A., Wood, S.A., Fisher, D.M., Law, E., Rhodes, J.R., Dobbs,
C., Biggs, D., and Wilson, K.A. (2018). Inequality in access to cultural ecosystem services
from protected areas in the Chilean biodiversity hotspot. Sci. Total Environ. 636, 1128-1138.
https://doi.org/10.1016/j.scitotenv.2018.04.353.

Baker, K., Ooms, K., Verstockt, S., Brackman, P., De Maeyer, P., and Van de Walle, R.
(2017). Crowdsourcing a cyclist perspective on suggested recreational paths in real-world
networks. Cartogr. Geogr. Inf. Sci. 44, 422-435.
https://doi.org/10.1080/15230406.2016.1192486.

Sultan, J., Ben-Haim, G., Haunert, J.-H., and Dalyot, S. (2017). Extracting spatial patterns in
bicycle routes from crowdsourced data. Trans. GIS 21, 1321-1340.
https://doi.org/10.1111/tgis.12280.

Hong, J., McArthur, D.P., and Livingston, M. (2020). The evaluation of large cycling
infrastructure investments in Glasgow using crowdsourced cycle data. Transportation 47,
2859-2872. https://doi.org/10.1007/s11116-019-09988-4.

Sun, Y., and Mobasheri, A. (2017). Utilizing crowdsourced data for studies of cycling and
air pollution exposure: A case study using Strava data. Int. J. Environ. Res. Public. Health
14, 274. https://doi.org/10.3390/ijerph14030274.

15



76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Sun, Y., Du, Y., Wang, Y., and Zhuang, L. (2017). Examining associations of environmental
characteristics with recreational cycling behaviour by street-level Strava data. Int. J. Environ.
Res. Public. Health 14, 644. https://doi.org/10.3390/ijerph14060644.

Kovacs-Gyori, A., Ristea, A., Kolcsar, R., Resch, B., Crivellari, A., and Blaschke, T. (2018).
Beyond spatial proximity—Classifying parks and their visitors in London based on
spatiotemporal and sentiment analysis of Twitter data. ISPRS Int. J. Geo-Inf. 7, 378.
https://doi.org/10.3390/ijgi7090378.

Luo, F., Cao, G., Mulligan, K., and Li, X. (2016). Explore spatiotemporal and demographic
characteristics of human mobility via Twitter: A case study of Chicago. Appl. Geogr. 70, 11—
25. https://doi.org/10.1016/j.apge0q.2016.03.001.

Zhang, S., and Feick, R. (2016). Understanding public opinions from geosocial media. ISPRS
Int. J. Geo-Inf. 5, 74. https://doi.org/10.3390/ijgi5060074.

Alampi Sottini, V., Barbierato, E., Bernetti, I., Capecchi, I., Cipollaro, M., Sacchelli, S., and
Saragosa, C. (2018). Urban landscape assessment: A perceptual approach combining virtual
reality  and crowdsourced photo geodata. Aestimum 73, 147-256.
https://doi.org/10.13128/Aestimum-24927.

Langemeyer, J., Calcagni, F., and Baro, F. (2018). Mapping the intangible: Using geolocated
social media data to examine landscape aesthetics. Land Use Policy 77, 542-552.
https://doi.org/10.1016/j.landusepol.2018.05.049.

Bubalo, M., van Zanten, B.T., and Verburg, P.H. (2019). Crowdsourcing geo-information on
landscape perceptions and preferences: A review. Landsc. Urban Plan. 184, 101-111.
https://doi.org/10.1016/j.landurbplan.2019.01.001.

Montafio, F. (2018). The use of geo-located photos as a source to assess the landscape
perception of locals and tourists — case studies: Two public open spaces in Munich, Germany.
J. Digit. Landsc. Archit. 3, 346-355. https://doi.org/10.14627/537642037.

Arribas-Bel, D., Kourtit, K., Nijkamp, P., and Steenbruggen, J. (2015). Cyber cities: Social
media as a tool for understanding cities. Appl. Spat. Anal. Policy 8, 231-247.
https://doi.org/10.1007/s12061-015-9154-2.

Bahrehdar, A.R., Adams, B., and Purves, R.S. (2020). Streets of London: Using Flickr and
OpenStreetMap to build an interactive image of the city. Comput. Environ. Urban Syst. 84,
101524. https://doi.org/10.1016/j.compenvurbsys.2020.101524.

Chen, M., Arribas-Bel, D., and Singleton, A. (2020). Quantifying the characteristics of the
local urban environment through geotagged Flickr photographs and image recognition.
ISPRS Int. J. Geo-Inf. 9, 264. https://doi.org/10.3390/ijgi9040264.

Cerrone, D., Lehtovuori, P., Lopez Baeza, J., Raspeig, D., Vicente, S., and Lehtovouri, A.P.
(2018). Integrative urbanism: Using social media to map activity patterns for decision-
making assessment. In Proceedings of IFKAD, pp. 1094-1107.

Chen, Y., Liu, X., Li, X., Liu, X., Yao, Y., Hu, G., Xu, X., and Pei, F. (2017). Delineating
urban functional areas with building-level social media data: A dynamic time warping (DTW)

16



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

distance based k-medoids method. Landsc. Urban Plan. 160, 48-60.
https://doi.org/10.1016/j.landurbplan.2016.12.001.

Liu, X., He, J,, Yao, Y., Zhang, J., Liang, H., Wang, H., and Hong, Y. (2017). Classifying
urban land use by integrating remote sensing and social media data. Int. J. Geogr. Inf. Sci.
31, 1675-1696. https://doi.org/10.1080/13658816.2017.1324976.

Liu, X., Niu, N., Liu, X., Jin, H., Ou, J., Jiao, L., and Liu, Y. (2018). Characterizing mixed-
use buildings based on multi-source big data. Int. J. Geogr. Inf. Sci. 32, 738-756.
https://doi.org/10.1080/13658816.2017.1410549.

Huang, Z., Qi, H., Kang, C., Su, Y., and Liu, Y. (2020). An ensemble learning approach for
urban land use mapping based on remote sensing imagery and social sensing data. Remote
Sens. 12, 3254. https://doi.org/10.3390/rs12193254.

Jendryke, M., Balz, T., McClure, S.C., and Liao, M. (2017). Putting people in the picture:
Combining big location-based social media data and remote sensing imagery for enhanced
contextual urban information in Shanghai. Comput. Environ. Urban Syst. 62, 99-112.
https://doi.org/10.1016/j.compenvurbsys.2016.10.004.

Mackaness, W.A., and Chaudhry, O. (2013). Assessing the veracity of methods for extracting
place semantics from Flickr tags. Trans. GIS 17, 544-562.
https://doi.org/10.1111/tgis.12043.

Mao, H., Ahn, Y.-Y., Bhaduri, B., and Thakur, G. (2017). Improving land use inference by
factorizing mobile phone call activity matrix. J. Land Use Sci. 12, 138-153.
https://doi.org/10.1080/1747423X.2017.1303546.

Rykov, Y., Nagornyy, O., and Koltsova, O. (2016). Semantic and geospatial mapping of
instagram images in Saint-Petersburg. In Proceedings of 5th Artificial Intelligence and
Natural Language AINL FRUCT 2016 Conference, pp. 110-113.

Sitthi, A., Nagai, M., Dailey, M., and Ninsawat, S. (2016). Exploring land use and land cover
of geotagged social-sensing images using naive Bayes classifier. Sustainability 8, 921.
https://doi.org/10.3390/su8090921.

Soliman, A., Soltani, K., Yin, J., Padmanabhan, A., and Wang, S. (2017). Social sensing of
urban land use based on analysis of Twitter users’ mobility patterns. PLOS ONE 12,
e0181657. https://doi.org/10.1371/journal.pone.0181657.

Tu, W., Cao, J., Yue, Y., Shaw, S.-L., Zhou, M., Wang, Z., Chang, X., Xu, Y., and Li, Q.
(2017). Coupling mobile phone and social media data: A new approach to understanding
urban functions and diurnal patterns. Int. J. Geogr. Inf. Sci. 31, 2331-2358.
https://doi.org/10.1080/13658816.2017.1356464.

Juhasz, L., and Hochmair, H.H. (2018). Cross-checking user activities in multiple geo-social
media networks. In Proceedings of the 21st AGILE Conference on Geo-Information Science,
pp. 3-16.

Zhou, X., and Zhang, L. (2016). Crowdsourcing functions of the living city from Twitter and
Foursquare data. Cartogr. Geogr. Inf. Sci. 43, 393-404.
https://doi.org/10.1080/15230406.2015.1128852.

17



101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Zeng, C., Yang, L., and Dong, J. (2017). Management of urban land expansion in China
through intensity assessment: A big data perspective. J. Clean. Prod. 153, 637-647.
https://doi.org/10.1016/j.jclepro.2016.11.090.

Falk, M.T., and Hagsten, E. (2021). Visitor flows to World Heritage Sites in the era of
Instagram. J. Sustain. Tour. 29, 1547-1564.
https://doi.org/10.1080/09669582.2020.1858305.

Payntar, N.D., Hsiao, W.-L., Covey, R.A., and Grauman, K. (2021). Learning patterns of
tourist movement and photography from geotagged photos at archaeological heritage sites in
Cuzco, Peru. Tour. Manag. 82, 104165. https://doi.org/10.1016/j.tourman.2020.104165.
Levin, N., Ali, S., Crandall, D., and Kark, S. (2019). World Heritage in danger: Big data and
remote sensing can help protect sites in conflict zones. Glob. Environ. Change 55, 97-104.
https://doi.org/10.1016/j.gloenvcha.2019.02.001.

Ginzarly, M., Pereira Roders, A., and Teller, J. (2019). Mapping historic urban landscape
values through social media. J. Cult. Herit. 36, 1-11.
https://doi.org/10.1016/j.culher.2018.10.002.

Kenterelidou, C., and Galatsopoulou, F. (2021). Sustainable biocultural heritage management
and communication: The case of digital narrative for UNESCO Marine World Heritage of
Outstanding Universal Value. Sustainability 13, 1449. https://doi.org/10.3390/su13031449.
Brouwer, T., Eilander, D., van Loenen, A., Booij, M.J., Wijnberg, K.M., Verkade, J.S., and
Wagemaker, J. (2017). Probabilistic flood extent estimates from social media flood
observations. Nat. Hazards Earth Syst. Sci. 17, 735-747. https://doi.org/10.5194/nhess-17-
735-2017.

Rosser, J.F., Leibovici, D.G., and Jackson, M.J. (2017). Rapid flood inundation mapping
using social media, remote sensing and topographic data. Nat. Hazards 87, 103-120.
https://doi.org/10.1007/s11069-017-2755-0.

Smith, L., Liang, Q., James, P., and Lin, W. (2017). Assessing the utility of social media as
a data source for flood risk management using a real-time modelling framework. J. Flood
Risk Manag. 10, 370-380. https://doi.org/10.1111/jfr3.12154.

de Albuquerque, J.P., Herfort, B., Brenning, A., and Zipf, A. (2015). A geographic approach
for combining social media and authoritative data towards identifying useful information for
disaster management. Int. J. Geogr. Inf. Sci. 29, 667-689.
https://doi.org/10.1080/13658816.2014.996567.

Fohringer, J., Dransch, D., Kreibich, H., and Schroter, K. (2015). Social media as an
information source for rapid flood inundation mapping. Nat. Hazards Earth Syst. Sci. 15,
2725-2738. https://doi.org/10.5194/nhess-15-2725-2015.

Huang, X., Wang, C., and Li, Z. (2018). A near real-time flood-mapping approach by
integrating social media and post-event satellite imagery. Ann. GIS 24, 113-123.
https://doi.org/10.1080/19475683.2018.1450787.

18



113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Sun, D., Li, S., Zheng, W., Croitoru, A., Stefanidis, A., and Goldberg, M. (2016). Mapping
floods due to Hurricane Sandy using NPP VIIRS and ATMS data and geotagged Flickr
imagery. Int. J. Digit. Earth 9, 427-441. https://doi.org/10.1080/17538947.2015.1040474.
Jongman, B., Wagemaker, J., Romero, B.R., and De Perez, E.C. (2015). Early flood detection
for rapid humanitarian response: Harnessing near real-time satellite and Twitter signals.
ISPRS Int. J. Geo-Inf. 4, 2246-2266. https://doi.org/10.3390/ijgi4042246.

Wang, R.-Q., Mao, H., Wang, Y., Rae, C., and Shaw, W. (2018). Hyper-resolution
monitoring of urban flooding with social media and crowdsourcing data. Comput. Geosci.
111, 139-147. https://doi.org/10.1016/j.cage0.2017.11.008.

Moumtzidou, A., Andreadis, S., Gialampoukidis, I., Karakostas, A., Vrochidis, S., and
Kompatsiaris, I. (2018). Flood relevance estimation from visual and textual content in social
media streams. In Companion Proceedings of the Web Conference 2018 WWW ’18.
(International World Wide Web Conferences Steering Committee), pp. 1621-1627.
https://doi.org/10.1145/3184558.3191620.

Tkachenko, N., Jarvis, S., and Procter, R. (2017). Predicting floods with Flickr tags. PLOS
ONE 12, e0172870. https://doi.org/10.1371/journal.pone.0172870.

Le Boursicaud, R., Pénard, L., Hauet, A., Thollet, F., and Le Coz, J. (2016). Gauging extreme
floods on YouTube: Application of LSPIV to home movies for the post-event determination
of stream discharges. Hydrol. Process. 30, 90-105. https://doi.org/10.1002/hyp.10532.
Restrepo-Estrada, C., de Andrade, S.C., Abe, N., Fava, M.C., Mendiondo, E.M., and de
Albuquerque, J.P. (2018). Geo-social media as a proxy for hydrometeorological data for
streamflow estimation and to improve flood monitoring. Comput. Geosci. 111, 148-158.
https://doi.org/10.1016/j.cage0.2017.10.010.

Moore, F.C., and Obradovich, N. (2020). Using remarkability to define coastal flooding
thresholds. Nat. Commun. 11, 1-8. https://doi.org/10.1038/s41467-019-13935-3.

Wang, B., and Zhuang, J. (2017). Crisis information distribution on Twitter: A content
analysis of tweets during Hurricane Sandy. Nat. Hazards 89, 161-181.
https://doi.org/10.1007/s11069-017-2960-x.

Papadopoulos, T., Gunasekaran, A., Dubey, R., Altay, N., Childe, S.J., and Fosso-Wamba,
S. (2017). The role of Big Data in explaining disaster resilience in supply chains for
sustainability. J. Clean. Prod. 142, 1108-1118. https://doi.org/10.1016/j.jclepro.2016.03.059.
Resch, B., Uslander, F., and Havas, C. (2018). Combining machine-learning topic models
and spatiotemporal analysis of social media data for disaster footprint and damage
assessment. Cartogr. Geogr. Inf. Sci. 45, 362-376.
https://doi.org/10.1080/15230406.2017.1356242.

Fan, C., Esparza, M., Dargin, J., Wu, F., Oztekin, B., and Mostafavi, A. (2020). Spatial biases
in crowdsourced data: Social media content attention concentrates on populous areas in
disasters. Comput. Environ. Urban Syst. 83, 101514.
https://doi.org/10.1016/j.compenvurbsys.2020.101514.

19



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Kryvasheyeu, Y., Chen, H., Moro, E., Hentenryck, P.V., and Cebrian, M. (2015).
Performance of social network sensors during Hurricane Sandy. PLOS ONE 10, e0117288.
https://doi.org/10.1371/journal.pone.0117288.

Kryvasheyeu, Y., Chen, H., Obradovich, N., Moro, E., Van Hentenryck, P., Fowler, J., and
Cebrian, M. (2016). Rapid assessment of disaster damage using social media activity. Sci.
Adv. 2, e1500779. https://doi.org/10.1126/sciadv.1500779.

Kent, J.D., and Capello, H.T. (2013). Spatial patterns and demographic indicators of effective
social media content during the Horsethief Canyon fire of 2012. Cartogr. Geogr. Inf. Sci. 40,
78-89. https://doi.org/10.1080/15230406.2013.776727.

Panteras, G., Wise, S., Lu, X., Croitoru, A., Crooks, A., and Stefanidis, A. (2015).
Triangulating social multimedia content for event localization using Flickr and Twitter.
Trans. GIS 19, 694-715. https://doi.org/10.1111/tgis.12122.

Truelove, M., Vasardani, M., and Winter, S. (2015). Towards credibility of micro-blogs:
Characterising witness accounts. GeoJournal 80, 339-359. https://doi.org/10.1007/s10708-
014-9556-8.

Weaver, 1.S., Williams, H.T.P., and Arthur, R. (2021). A social Beaufort scale to detect high
winds using language in social media posts. Sci. Rep. 11, 3647.
https://doi.org/10.1038/s41598-021-82808-x.

Zhou, X., and Xu, C. (2017). Tracing the spatial-temporal evolution of events based on social
media data. ISPRS Int. J. Geo-Inf. 6, 88. https://doi.org/10.3390/ijgi6030088.

Deng, Q., Liu, Y., Zhang, H., Deng, X., and Ma, Y. (2016). A new crowdsourcing model to
assess disaster using microblog data in typhoon Haiyan. Nat. Hazards 84, 1241-1256.
https://doi.org/10.1007/s11069-016-2484-9.

Huang, Q., and Xiao, Y. (2015). Geographic situational awareness: Mining Tweets for
disaster preparedness, emergency response, impact, and recovery. ISPRS Int. J. Geo-Inf. 4,
1549-1568. https://doi.org/10.3390/ijgi4031549.

Huang, Q., Cervone, G., and Zhang, G. (2017). A cloud-enabled automatic disaster analysis
system of multi-sourced data streams: An example synthesizing social media, remote sensing
and  Wikipedia  data. Compult. Environ. Urban Syst. 66, 23-37.
https://doi.org/10.1016/j.compenvurbsys.2017.06.004.

Wang, Z., Ye, X., and Tsou, M.-H. (2016). Spatial, temporal, and content analysis of Twitter
for wildfire hazards. Nat. Hazards 83, 523-540. https://doi.org/10.1007/s11069-016-2329-6.
Wang, Z., Lam, N.S.N., Obradovich, N., and Ye, X. (2019). Are vulnerable communities
digitally left behind in social responses to natural disasters? An evidence from Hurricane
Sandy with Twitter data. Appl. Geogr. 108, 1-8.
https://doi.org/10.1016/j.apge0g.2019.05.001.

Wu, D., and Cui, Y. (2018). Disaster early warning and damage assessment analysis using
social media data and geo-location information. Decis. Support Syst. 111, 48-59.
https://doi.org/10.1016/j.dss.2018.04.005.

20



138.

139.

140.

141.

142.

143.

144,

145.

146.

147.

148.

149.

Kibanov, M., Stumme, G., Amin, 1., and Lee, J.G. (2017). Mining social media to inform
peatland fire and haze disaster management. Soc. Netw. Anal. Min. 7, 1-19.
https://doi.org/10.1007/s13278-017-0446-1.

Wang, Y., Wang, T., Ye, X,, Zhu, J., and Lee, J. (2016). Using social media for emergency
response and urban sustainability: A case study of the 2012 Beijing rainstorm. Sustainability
8, 25. https://doi.org/10.3390/su8010025.

Levin, N., Ali, S., and Crandall, D. (2018). Utilizing remote sensing and big data to quantify
conflict intensity: The Arab Spring as a case study. Appl. Geogr. 94, 1-17.
https://doi.org/10.1016/j.apge0g.2018.03.001.

Li, H., Caragea, D., Caragea, C., and Herndon, N. (2018). Disaster response aided by tweet
classification with a domain adaptation approach. J. Contingencies Crisis Manag. 26, 16-27.
https://doi.org/10.1111/1468-5973.12194.

Lopez-Cuevas, A., Ramirez-Méarquez, J., Sanchez-Ante, G., and Barker, K. (2017). A
community perspective on resilience analytics: A visual analysis of community mood. Risk
Anal. 37, 1566-1579. https://doi.org/10.1111/risa.12788.

Ripberger, J.T., Jenkins-Smith, H.C., Silva, C.L., Carlson, D.E., and Henderson, M. (2014).
Social media and severe weather: Do Tweets provide a valid indicator of public attention to
severe weather risk communication? Weather Clim. Soc. 6, 520-530.
https://doi.org/10.1175/WCAS-D-13-00028.1.

Shook, E., and Turner, V.K. (2016). The socio-environmental data explorer (SEDE): A social
media—enhanced decision support system to explore risk perception to hazard events. Cartogr.
Geogr. Inf. Sci. 43, 427-441. https://doi.org/10.1080/15230406.2015.1131627.

Tang, Z., Zhang, L., Xu, F., and Vo, H. (2015). Examining the role of social media in
California’s drought risk management in 2014. Nat. Hazards 79, 171-193.
https://doi.org/10.1007/s11069-015-1835-2.

Yan, Y., Eckle, M., Kuo, C.-L., Herfort, B., Fan, H., and Zipf, A. (2017). Monitoring and
assessing post-disaster tourism recovery using geotagged social media data. ISPRS Int. J.
Geo-Inf. 6, 144. https://doi.org/10.3390/ijgi6050144.

Arslan, E.S., and Oriicti, O.K. (2021). MaxEnt modelling of the potential distribution areas
of cultural ecosystem services using social media data and GIS. Environ. Dev. Sustain. 23,
2655-2667. https://doi.org/10.1007/s10668-020-00692-3.

Guzel, M., and Yesil, M. (2020). Analysis of preferences of social media users in coastal
parks: The case of Tayfun Girsoy Park (Ordu). In Proceedings of 4th International Academic
Research Congress.

Bing, Z., Qiu, Y., Huang, H., Chen, T., Zhong, W., and Jiang, H. (2021). Spatial distribution
of cultural ecosystem services demand and supply in urban and suburban areas: A case study
from Shanghai, China. Ecol. Indic. 127, 107720.
https://doi.org/10.1016/j.ecolind.2021.107720.

21



150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

Chen, Y., Ke, X., Min, M., and Cheng, P. (2020). Disparity in perceptions of social values
for ecosystem services of urban green space: A case study in the East Lake scenic area,
Wuhan. Front. Public Health 8. https://doi.org/10.3389/fpubh.2020.00370.

Dai, P., Zhang, S., Chen, Z., Gong, Y., and Hou, H. (2019). Perceptions of cultural ecosystem
services in urban parks based on social network data. Sustainability 11, 5386.
https://doi.org/10.3390/su11195386.

Deng, N., Liu, J., Dai, Y., and Li, H. (2019). Different cultures, different photos: A
comparison of Shanghai’s pictorial destination image between East and West. Tour. Manag.
Perspect. 30, 182-192. https://doi.org/10.1016/j.tmp.2019.02.016.

Liang, H., and Zhang, Q. (2021). Temporal and spatial assessment of urban park visits from
multiple social media data sets: A case study of Shanghai, China. J. Clean. Prod. 297, 126682.
https://doi.org/10.1016/j.jclepro.2021.126682.

Lyu, F., and Zhang, L. (2019). Using multi-source big data to understand the factors affecting
urban park use in  Wuhan. Urban For. Urban Green. 43, 126367.
https://doi.org/10.1016/j.ufug.2019.126367.

Ullah, H., Wan, W., Haidery, S.A., Khan, N.U., Ebrahimpour, Z., and Muzahid, A.A.M.
(2020). Spatiotemporal patterns of visitors in urban green parks by mining social media big
data  based upon  WHO  reports. IEEE  Access 8,  39197-39211.
https://doi.org/10.1109/ACCESS.2020.2973177.

Zhang, S., and Zhou, W. (2018). Recreational visits to urban parks and factors affecting park
visits: Evidence from geotagged social media data. Landsc. Urban Plan. 180, 27-35.
https://doi.org/10.1016/j.landurbplan.2018.08.004.

Zhang, S., Zhen, F., Wang, B., Li, Z., and Qin, X. (2022). Coupling social media and agent-
based modelling: A novel approach for supporting smart tourism planning. J. Urban Technol.
29, 79-97. https://doi.org/10.1080/10630732.2020.1847987.

Cord, A.F., RoeRiger, F., and Schwarz, N. (2015). Geocaching data as an indicator for
recreational ecosystem services in urban areas: Exploring spatial gradients, preferences and
motivations. Landsc. Urban Plan. 144, 151-162.
https://doi.org/10.1016/j.landurbplan.2015.08.015.

Krellenberg, K., Artmann, M., Stanley, C., and Hecht, R. (2021). What to do in, and what to
expect from, urban green spaces — Indicator-based approach to assess cultural ecosystem
services. Urban For. Urban Green. 59, 126986. https://doi.org/10.1016/j.ufug.2021.126986.

Donahue, M.L., Keeler, B.L., Wood, S.A., Fisher, D.M., Hamstead, Z.A., and McPhearson,
T. (2018). Using social media to understand drivers of urban park visitation in the Twin
Cities, MN. Landsc. Urban Plan. 175, 1-10.
https://doi.org/10.1016/j.landurbplan.2018.02.006.

Feick, R., and Robertson, C. (2015). A multi-scale approach to exploring urban places in
geotagged  photographs.  Comput.  Environ.  Urban  Syst. 53,  96-109.
https://doi.org/10.1016/j.compenvurbsys.2013.11.006.

22



162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

Guerrero, P., Mgller, M.S., Olafsson, A.S., and Snizek, B. (2016). Revealing cultural
ecosystem services through Instagram images: The potential of social media VVolunteered
Geographic Information for urban green infrastructure planning and governance. Urban Plan.
1, 1-17. https://doi.org/10.17645/up.v1i2.6009.

Heikinheimo, V., Tenkanen, H., Hiippala, T., and Toivonen, T. (2018). Automated social
media content analysis from urban green areas: Case Helsinki. In Proceedings of Spatial Big
Data and Machine Learning in GIScience, Workshop at GIScience 2018.

Heikinheimo, V., Tenkanen, H., Bergroth, C., Jarv, O., Hiippala, T., and Toivonen, T. (2020).
Understanding the use of urban green spaces from user-generated geographic information.
Landsc. Urban Plan. 201, 103845. https://doi.org/10.1016/j.landurbplan.2020.103845.
Marti, P., Garcia-Mayor, C., Nolasco-Cirugeda, A., and Serrano-Estrada, L. (2020). Green
infrastructure planning: Unveiling meaningful spaces through Foursquare users’ preferences.
Land Use Policy 97, 104641. https://doi.org/10.1016/j.landusepol.2020.104641.

Norman, P., Pickering, C.M., and Castley, G. (2019). What can volunteered geographic
information tell us about the different ways mountain bikers, runners and walkers use urban
reserves? Landsc. Urban Plan. 185, 180-190.
https://doi.org/10.1016/j.landurbplan.2019.02.015.

Richards, D.R., and Tuncer, B. (2018). Using image recognition to automate assessment of
cultural ecosystem services from social media photographs. Ecosyst. Serv. 31, 318-325.
https://doi.org/10.1016/j.ecoser.2017.09.004.

Song, X.P., Richards, D.R., He, P., and Tan, P.Y. (2020). Does geo-located social media
reflect the visit frequency of urban parks? A city-wide analysis using the count and content
of photographs. Landsc. Urban Plan. 203, 103908.
https://doi.org/10.1016/j.landurbplan.2020.103908.

Song, X.P., Richards, D.R., and Tan, P.Y. (2020). Using social media user attributes to
understand human-environment interactions at urban parks. Sci. Rep. 10, 808.
https://doi.org/10.1038/s41598-020-57864-4.

Thiagarajah, J., Wong, S.K.M., Richards, D.R., and Friess, D.A. (2015). Historical and
contemporary cultural ecosystem service values in the rapidly urbanizing city state of
Singapore. Ambio 44, 666-677. https://doi.org/10.1007/s13280-015-0647-7.

Roberts, H.V. (2017). Using Twitter data in urban green space research. Appl. Geogr. 81, 13—
20. https://doi.org/10.1016/j.apgeog.2017.02.008.

Roberts, H., Sadler, J., and Chapman, L. (2017). Using Twitter to investigate seasonal
variation in physical activity in urban green space. Geo Geogr. Environ. 4, e00041.
https://doi.org/10.1002/ge02.41.

Zhang, F., Zu, J., Hu, M., Zhu, D., Kang, Y., Gao, S., Zhang, Y., and Huang, Z. (2020).
Uncovering inconspicuous places using social media check-ins and street view images.
Compult. Environ. Urban Syst. 81, 101478.
https://doi.org/10.1016/j.compenvurbsys.2020.101478.

23



174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

Cheng, Y., Zhang, J., Wei, W., and Zhao, B. (2021). Effects of urban parks on residents’
expressed happiness before and during the COVID-19 pandemic. Landsc. Urban Plan. 212,
104118. https://doi.org/10.1016/j.landurbplan.2021.104118.

Kothencz, G., Kolcsér, R., Cabrera-Barona, P., and Szilassi, P. (2017). Urban green space
perception and its contribution to well-being. Int. J. Environ. Res. Public. Health 14, 766.
https://doi.org/10.3390/ijerph14070766.

Schwartz, A.J., Dodds, P.S., O’Neil-Dunne, J.P.M., Danforth, C.M., and Ricketts, T.H.
(2019). Visitors to urban greenspace have higher sentiment and lower negativity on Twitter.
People Nat. 1, 476-485. https://doi.org/10.1002/pan3.10045.

Svoray, T., Dorman, M., Shahar, G., and Kloog, I. (2018). Demonstrating the effect of
exposure to nature on happy facial expressions via Flickr data: Advantages of non-intrusive
social network data analyses and geoinformatics methodologies. J. Environ. Psychol. 58, 93—
100. https://doi.org/10.1016/j.jenvp.2018.07.006.

Plunz, R.A., Zhou, Y., Carrasco Vintimilla, M.l., Mckeown, K., Yu, T., Uguccioni, L., and
Sutto, M.P. (2019). Twitter sentiment in New York City parks as measure of well-being.
Landsc. Urban Plan. 189, 235-246. https://doi.org/10.1016/j.landurbplan.2019.04.024.
Schwartz, A.J., Dodds, P.S., O’Neil-Dunne, J.P.M., Ricketts, T.H., and Danforth, C.M.
(2022). Gauging the happiness benefit of US urban parks through Twitter. PLOS ONE 17,
e0261056. https://doi.org/10.1371/journal.pone.0261056.

Ghahramani, M., Galle, N.J., Duarte, F., Ratti, C., and Pilla, F. (2021). Leveraging artificial
intelligence to analyze citizens’ opinions on urban green space. City Environ. Interact. 10,
100058. https://doi.org/10.1016/j.cacint.2021.100058.

Kovacs-Gyori, A., Ristea, A., Havas, C., Resch, B., and Cabrera-Barona, P. (2018).
#London2012: Towards citizen-contributed urban planning through sentiment analysis of
Twitter data. Urban Plan. 3, 75-99. https://doi.org/10.17645/up.v3i1.1287.

Lansley, G., and Longley, P.A. (2016). The geography of Twitter topics in London. Comput.
Environ. Urban Syst. 58, 85-96. https://doi.org/10.1016/j.compenvurbsys.2016.04.002,

Liu, R., and Xiao, J. (2021). Factors affecting users’ satisfaction with urban parks through
online comments data: Evidence from Shenzhen, China. Int. J. Environ. Res. Public. Health
18, 253. https://doi.org/10.3390/ijerph18010253.

Peng, X., Bao, Y., and Huang, Z. (2020). Perceiving Beijing’s “city image” across different
groups based on geotagged social media data. IEEE Access 8, 93868-93881.
https://doi.org/10.1109/ACCESS.2020.2995066.

Wang, Z., Zhu, Z., Xu, M., and Qureshi, S. (2021). Fine-grained assessment of greenspace
satisfaction at regional scale using content analysis of social media and machine learning.
Sci. Total Environ. 776, 145908. https://doi.org/10.1016/j.scitotenv.2021.145908.

Zhu, J., Lu, H., Zheng, T., Rong, Y., Wang, C., Zhang, W., Yan, Y., and Tang, L. (2020).
Vitality of urban parks and its influencing factors from the perspective of recreational service
supply, demand, and spatial links. Int. J. Environ. Res. Public. Health 17, 1615.
https://doi.org/10.3390/ijerph17051615.

24



187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

Roberts, H., Resch, B., Sadler, J., Chapman, L., Petutschnig, A., and Zimmer, S. (2018).
Investigating the emotional responses of individuals to urban green space using Twitter data:
A critical comparison of three different methods of sentiment analysis. Urban Plan. 3, 21-33.
https://doi.org/10.17645/up.v3i1.1231.

Roberts, H., Sadler, J., and Chapman, L. (2019). The value of Twitter data for determining
the emotional responses of people to urban green spaces: A case study and critical evaluation.
Urban Stud. 56, 818-835. https://doi.org/10.1177/0042098017748544.

Sim, J., and Miller, P. (2019). Understanding an urban park through big data. Int. J. Environ.
Res. Public. Health 16, 3816. https://doi.org/10.3390/ijerph16203816.

Sim, J.-S., and Oh, C.S. (2020). Using big data and small data to understand linear parks -
Focused on the 606 Trail, USA and Gyeongchun Line Forest, Korea. J. Korean Inst. Landsc.
Archit. 48, 28-41. https://doi.org/10.9715/KI1LA.2020.48.5.028.

Sim, J., Miller, P., and Swarup, S. (2020). Tweeting the high line life: A social media lens on
urban green spaces. Sustainability 12, 8895. https://doi.org/10.3390/su12218895.

Song, Y., Fernandez, J., and Wang, T. (2020). Understanding perceived site qualities and
experiences of urban public spaces: A case study of social media reviews in Bryant Park,
New York City. Sustainability 12, 8036. https://doi.org/10.3390/su12198036.

Straumann, R.K., Coltekin, A., and Andrienko, G. (2014). Towards (re)constructing
narratives from georeferenced photographs through visual analytics. Cartogr. J. 51, 152-165.
https://doi.org/10.1179/1743277414Y.0000000079.

Cai, B., Wang, J., Long, Y., Li, W,, Liu, J., Ni, Z., Bo, X., Li, D., Wang, J., Chen, X., et al.
(2015). Evaluating the impact of odors from the 1955 landfills in China using a bottom-up
approach. J. Environ. Manage. 164, 206-214.
https://doi.org/10.1016/j.jenvman.2015.09.009.

Kolenda, K., Pawlik, M., Kusmierek, N., Smolis, A., and Kadej, M. (2021). Online media
reveals a global problem of discarded containers as deadly traps for animals. Sci. Rep. 11,
267. https://doi.org/10.1038/s41598-020-79549-8.

Kay, S., Zhao, B., and Sui, D. (2015). Can social media clear the air? A case study of the air
pollution  problem in  Chinese  cities. Prof. Geogr. 67, 351-363.
https://doi.org/10.1080/00330124.2014.970838.

Ni, X.Y., Huang, H., and Du, W.P. (2017). Relevance analysis and short-term prediction of
PM2.5 concentrations in Beijing based on multi-source data. Atmos. Environ. 150, 146-161.
https://doi.org/10.1016/j.atmosenv.2016.11.054.

Riga, M., Stocker, M., Ronkkd, M., Karatzas, K., and Kolehmainen, M. (2015). Atmospheric
environment and quality of life information extraction from Twitter with the use of self-
organizing maps. J. Environ. Inform. 26, 27-40. https://doi.org/10.3808/jei.201500311.
Wang, Y., Fu, X., Jiang, W., Wang, T., Tsou, M.-H., and Ye, X. (2017). Inferring urban air
quality based on social media. Comput. Environ. Urban Syst. 66, 110-116.
https://doi.org/10.1016/j.compenvurbsys.2017.07.002.

25



200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

Chong, Z., Qin, C., and Ye, X. (2017). Environmental regulation and industrial structure
change in China: Integrating spatial and social network analysis. Sustainability 9, 1465.
https://doi.org/10.3390/su9081465.

Tseng, M.-L. (2017). Using social media and qualitative and quantitative information scales
to benchmark corporate sustainability. J. Clean. Prod. 142, 727-738.
https://doi.org/10.1016/j.jclepro.2016.05.062.

Wu, K.-J,, Liao, C.-J., Tseng, M.-L., Lim, M.K., Hu, J., and Tan, K. (2017). Toward
sustainability: Using big data to explore the decisive attributes of supply chain risks and
uncertainties. J. Clean. Prod. 142, 663-676. https://doi.org/10.1016/j.jclepro.2016.04.040.
Gomez-Carrasco, P., and Michelon, G. (2017). The power of stakeholders’ voice: The effects
of social media activism on stock markets. Bus. Strategy Environ. 26, 855-872.
https://doi.org/10.1002/bse.1973.

Ballestar, M.T., Cuerdo-Mir, M., and Freire-Rubio, M.T. (2020). The concept of
sustainability on social media: A social listening approach. Sustainability 12, 2122.
https://doi.org/10.3390/su12052122.

Cooper, G., Green, N., Burningham, K., Evans, D., and Jackson, T. (2012). Unravelling the
threads: Discourses of sustainability and consumption in an online forum. Environ. Commun.
6, 101-118. https://doi.org/10.1080/17524032.2011.642080.

Hawkins, R., and Silver, J.J. (2017). From selfie to #sealfie: Nature 2.0 and the digital cultural
politics of an internationally contested resource. Geoforum 79, 114-123.
https://doi.org/10.1016/j.geoforum.2016.06.019.

Yeo, T.E.D. (2014). Negotiating virtue and vice: Articulations of lay conceptions of health
and sustainability in social media conversations around natural beverages. Environ.
Commun. 8, 39-57. https://doi.org/10.1080/17524032.2013.849276.

Zoomers, A., Gekker, A., and Schéfer, M.T. (2016). Between two hypes: Will “big data” help
unravel blind spots in understanding the “global land rush?” Geoforum 69, 147-159.
https://doi.org/10.1016/j.geoforum.2015.11.017.

Chang, C., Cheng, G.J.Y., Nghiem, T.P.L., Song, X.P., Oh, R.R.Y., Richards, D.R., and
Carrasco, L.R. (2020). Social media, nature, and life satisfaction: Global evidence of the
biophilia hypothesis. Sci. Rep. 10, 4125. https://doi.org/10.1038/s41598-020-60902-w.
Johnson, T.F., Kent, H., Hill, B.M., Dunn, G., Dommett, L., Penwill, N., Francis, T., and
Gonzéalez-Suérez, M. (2021). classecol: Classifiers to understand public opinions of nature.
Methods Ecol. Evol. 12, 1329-1334. https://doi.org/10.1111/2041-210X.13596.

Palomino, M., Taylor, T., Goker, A., lIsaacs, J., and Warber, S. (2016). The online
dissemination of nature—health concepts: Lessons from sentiment analysis of social media
relating to “nature-deficit disorder.” Int. J. Environ. Res. Public. Health 13, 142,
https://doi.org/10.3390/ijerph13010142.

Gravina, T., Muselli, M., Ligrone, R., and Rutigliano, F.A. (2017). SUstaiNability: a science
communication website on environmental research. Nat. Hazards Earth Syst. Sci. 17, 1437-
1446. https://doi.org/10.5194/nhess-17-1437-2017.

26



213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224,

225.

Haider, J. (2016). The shaping of environmental information in social media: Affordances
and  technologies  of  self-control. Environ. Commun. 10,  473-491.
https://doi.org/10.1080/17524032.2014.993416.

Wu, Y., Xie, L., Yuan, Z., Jiang, S., Liu, W., and Sheng, H. (2020). Investigating public
biodiversity conservation awareness based on the propagation of wildlife-related incidents on
the Sina Weibo social media platform. Environ. Res. Lett. 15, 094082.
https://doi.org/10.1088/1748-9326/ab%ed1.

Pan, Y., and Vira, B. (2019). Exploring natural capital using bibliometrics and social media
data. Ecol. Soc. 24, 5. https://doi.org/10.5751/ES-11118-240405.

Papworth, S. k., Nghiem, T. p. ., Chimalakonda, D., Posa, M. r. c., Wijedasa, L. s., Bickford,
D., and Carrasco, L. r. (2015). Quantifying the role of online news in linking conservation
research to  Facebook and  Twitter.  Conserv.  Biol. 29, 825-833.
https://doi.org/10.1111/cobi.12455.

Starbird, K., Dailey, D., Walker, A.H., Leschine, T.M., Pavia, R., and Bostrom, A. (2015).
Social media, public participation, and the 2010 BP Deepwater Horizon oil spill. Hum. Ecol.
Risk Assess. Int. J. 21, 605-630. https://doi.org/10.1080/10807039.2014.947866.

Hutchins, B. (2016). The many modalities of social networking: The role of Twitter in greens
politics. Environ. Commun. 10, 25-42. https://doi.org/10.1080/17524032.2014.966853.
Reed, M. (2016). “This loopy idea’” an analysis of UKIP’s social media discourse in relation
to rurality and climate change. Space Polity 20, 226-241.
https://doi.org/10.1080/13562576.2016.1192332.

Breckheimer, 1.K., Theobald, E.J., Cristea, N.C., Wilson, A.K., Lundquist, J.D., Rochefort,
R.M., and HilleRisLambers, J. (2020). Crowd-sourced data reveal social-ecological
mismatches in phenology driven by climate. Front. Ecol. Environ. 18, 76-82.
https://doi.org/10.1002/fee.2142.

Wang, L., Ge, Q., Ning, Z., Cui, H., Dai, J., Zhong, S., and Wang, H. (2017). Effect of
phenological change in ornamental plants on the dates of spring outings to popular locations,
Beijing, China. Clim. Res. 72, 177-182. https://doi.org/10.3354/cr01470.

Jung, J., and Uegjio, C.K. (2017). Social media responses to heat waves. Int. J. Biometeorol.
61, 1247-1260. https://doi.org/10.1007/s00484-016-1302-0.

Wilkins, E.J., Howe, P.D., and Smith, J.W. (2021). Social media reveal ecoregional variation
in how weather influences visitor behavior in U.S. National Park Service units. Sci. Rep. 11,
2403. https://doi.org/10.1038/s41598-021-82145-z.

Cai, B., Geng, Y., Yang, W., Yan, P., Chen, Q., Li, D., and Cao, L. (2017). How scholars and
the public perceive a “low carbon city” in China. J. Clean. Prod. 149, 502-510.
https://doi.org/10.1016/j.jclepro.2017.02.122.

Moore, F.C., Obradovich, N., Lehner, F., and Baylis, P. (2019). Rapidly declining
remarkability of temperature anomalies may obscure public perception of climate change.
Proc. Natl. Acad. Sci. 116, 4905-4910. https://doi.org/10.1073/pnas.1816541116.

27



226.

2217.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

Balbe, A.D., and Carvalho, A. Climate change in Twitter: The prevalence of media and
politics. Desenvolv. E Meio Ambiente 40, 141-161.

Pearce, W., Holmberg, K., Hellsten, I., and Nerlich, B. (2014). Climate change on Twitter:
Topics, communities and conversations about the 2013 IPCC Working Group 1 Report.
PLOS ONE 9, €94785. https://doi.org/10.1371/journal.pone.0094785.

Holmberg, K., and Hellsten, 1. (2015). Gender differences in the climate change
communication on Twitter. Internet Res. 25, 811-828. https://doi.org/10.1108/IntR-07-2014-
0179.

Itkonen, J.V.A. (2015). Social ties and concern for global warming. Clim. Change 132, 173-
192. https://doi.org/10.1007/s10584-015-1424-0.

Williams, H.T.P., McMurray, J.R., Kurz, T., and Hugo Lambert, F. (2015). Network analysis
reveals open forums and echo chambers in social media discussions of climate change. Glob.
Environ. Change 32, 126-138. https://doi.org/10.1016/j.gloenvcha.2015.03.006.

Jacques, P.J., and Knox, C.C. (2016). Hurricanes and hegemony: A qualitative analysis of
micro-level climate change denial discourses. Environ. Polit. 25, 831-852.
https://doi.org/10.1080/09644016.2016.1189233.

Jang, S.M., and Hart, P.S. (2015). Polarized frames on “climate change” and *“global
warming’ across countries and states: Evidence from Twitter big data. Glob. Environ. Change
32, 11-17. https://doi.org/10.1016/j.gloenvcha.2015.02.010.

Samantray, A., and Pin, P. (2019). Credibility of climate change denial in social media.
Palgrave Commun. 5, 1-8. https://doi.org/10.1057/s41599-019-0344-4.

Sharman, A. (2014). Mapping the climate sceptical blogosphere. Glob. Environ. Change 26,
159-170. https://doi.org/10.1016/j.gloenvcha.2014.03.003.

Liu, J.C.-E., and Zhao, B. (2017). Who speaks for climate change in China? Evidence from
Weibo. Clim. Change 140, 413-422. https://doi.org/10.1007/s10584-016-1883-y.

Cody, E.M., Reagan, A.J., Mitchell, L., Dodds, P.S., and Danforth, C.M. (2015). Climate
change sentiment on Twitter: An unsolicited public opinion poll. PLOS ONE 10, e0136092.
https://doi.org/10.1371/journal.pone.0136092.

Kirilenko, A.P., and Stepchenkova, S.O. (2014). Public microblogging on climate change:
One year of Twitter worldwide. Glob. Environ. Change 26, 171-182.
https://doi.org/10.1016/j.gloenvcha.2014.02.008.

Schonfeld, J., Qian, E., Sinn, J., Cheng, J., Anand, M., and Bauch, C.T. (2021). Debates about
vaccines and climate change on social media networks: A study in contrasts. Humanit. Soc.
Sci. Commun. 8, 1-10. https://doi.org/10.1057/s41599-021-00977-6.

Kirilenko, A.P., Molodtsova, T., and Stepchenkova, S.0. (2015). People as sensors: Mass
media and local temperature influence climate change discussion on Twitter. Glob. Environ.
Change 30, 92-100. https://doi.org/10.1016/j.gloenvcha.2014.11.003.

Roxburgh, N., Guan, D., Shin, K.J., Rand, W., Managi, S., Lovelace, R., and Meng, J. (2019).
Characterising climate change discourse on social media during extreme weather events.
Glob. Environ. Change 54, 50-60. https://doi.org/10.1016/j.gloenvcha.2018.11.004.

28



241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

252.

253.

Sisco, M.R., Bosetti, V., and Weber, E.U. (2017). When do extreme weather events generate
attention to climate change? Clim. Change 143, 227-241. https://doi.org/10.1007/s10584-
017-1984-2.

Wang, J., Obradovich, N., and Zheng, S. (2020). A 43-million-person investigation into
weather and expressed sentiment in a changing climate. One Earth 2, 568-577.
https://doi.org/10.1016/j.0oneear.2020.05.016.

Robelia, B.A., Greenhow, C., and Burton, L. (2011). Environmental learning in online social
networks: adopting environmentally responsible behaviors. Environ. Educ. Res. 17, 553-575.
https://doi.org/10.1080/13504622.2011.565118.

Bandara, T., and Bandara, T. (2019). Whale watching in Sri Lanka: Understanding the
metadata of crowd-sourced photographs on FlickrTM social media platform. Sri Lanka J.
Aquat. Sci. 24, 41-52. https://doi.org/10.4038/sljas.v24i2.7566.

Cunha, J., Elliott, M., and Ramos, S. (2018). Linking modelling and empirical data to assess
recreation services provided by coastal habitats: The case of NW Portugal. Ocean Coast.
Manag. 162, 60-70. https://doi.org/10.1016/j.ocecoaman.2017.12.022.

Teles da Mota, V., and Pickering, C. (2021). Assessing the popularity of urban beaches using
metadata from social media images as a rapid tool for coastal management. Ocean Coast.
Manag. 203, 105519. https://doi.org/10.1016/j.0ocecoaman.2021.105519.

Likhtanskaya, N., and Arkhipova, O. (2018). Approbation of method for estimation and
forecasting of recreational appeal of territory with the help of geotagged data from the social
network for the coastal zone of the Azov Sea. https://doi.org/10.23885/2500-123x-2018-2-3-
35-41.

Wicaksono, A., Khakhim, N., Farda, N.M., Hizbaron, D.R., and Mardiatno, D. (2020). Flickr
social media and spatial planning analysis for beach tourism management: Case study in
Parangtritis Village, Bantul Regency. In Proceedings of National Geomatics Seminar 2020:
Geospatial Information for Innovation to Accelerate Sustainable Development.

Howarth, C. (2014). Where to Go? Using social media to assess the spatial distribution of
recreation on the great barrier reef.

Lee, I, Cai, G., and Lee, K. (2014). Exploration of geo-tagged photos through data mining
approaches. Expert Syst. Appl. 41, 397-405. https://doi.org/10.1016/j.eswa.2013.07.065.
Lombard, A.T., Ban, N.C., Smith, J.L., Lester, S.E., Sink, K.J., Wood, S.A., Jacob, A.L.,
Kyriazi, Z., Tingey, R., and Sims, H.E. (2019). Practical approaches and advances in spatial
tools to achieve multi-objective marine spatial planning. Front. Mar. Sci. 6.
https://doi.org/10.3389/fmars.2019.00166.

Monkman, G.G., Kaiser, M.J., and Hyder, K. (2018). Text and data mining of social media
to map  wildlife  recreation  activity. Biol.  Conserv. 228,  89-99.
https://doi.org/10.1016/j.biocon.2018.10.010.

Sbragaglia, V., Correia, R.A., Coco, S., and Arlinghaus, R. (2020). Data mining on YouTube
reveals fisher group-specific harvesting patterns and social engagement in recreational

29



254,

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

anglers and spearfishers. ICES J. Mar. Sci. 77, 2234-2244,
https://doi.org/10.1093/icesjms/fsz100.

Spalding, M., Burke, L., Wood, S.A., Ashpole, J., Hutchison, J., and Zu Ermgassen, P.
(2017). Mapping the global value and distribution of coral reef tourism. Mar. Policy 82, 104—
113. https://doi.org/10.1016/j.marpol.2017.05.014.

Depellegrin, D., Blazauskas, N., and Vigl, L.E. (2012). Aesthetic value characterization of
landscapes in coastal zones. In 2012 IEEE/OES Baltic International Symposium (BALTIC),
pp. 1-6. https://doi.org/10.1109/BALTIC.2012.6249166.

Ghermandi, A., Camacho-Valdez, V., and Trejo-Espinosa, H. (2020). Social media-based
analysis of cultural ecosystem services and heritage tourism in a coastal region of Mexico.
Tour. Manag. 77, 104002. https://doi.org/10.1016/j.tourman.2019.104002.

Gulgin, D. (2020). Mapping cultural ecosystem services using social media data: the case of
Datca peninsula. Turk. J. For. 21, 407-416. https://doi.org/10.18182/tjf.808414.

Havinga, I., Bogaart, P.W., Hein, L., and Tuia, D. (2020). Defining and spatially modelling
cultural ecosystem services using crowdsourced data. Ecosyst. Serv. 43, 101091.
https://doi.org/10.1016/j.ecoser.2020.101091.

Pace, D.S., Giacomini, G., Campana, |l., Paraboschi, M., Pellegrino, G., Silvestri, M., Alessi,
J., Angeletti, D., Cafaro, V., Pavan, G., et al. (2019). An integrated approach for cetacean
knowledge and conservation in the central Mediterranean Sea using research and social media
data sources. Aquat. Conserv. Mar. Freshw. Ecosyst. 29, 1302-1323.
https://doi.org/10.1002/aqc.3117.

Sullivan, M., Robinson, S., and Littnan, C. (2019). Social media as a data resource for
#monkseal conservation. PLOS ONE 14, e0222627.
https://doi.org/10.1371/journal.pone.0222627.

Hale, B.W. (2018). Mapping potential environmental impacts from tourists using data from
social media: A case study in the Westfjords of Iceland. Environ. Manage. 62, 446-457.
https://doi.org/10.1007/s00267-018-1056-z.

Becken, S., Stantic, B., Chen, J., Alaei, A.R., and Connolly, R.M. (2017). Monitoring the
environment and human sentiment on the Great Barrier Reef: Assessing the potential of
collective sensing. J. Environ. Manage. 203, 87-97.
https://doi.org/10.1016/j.jenvman.2017.07.007.

Becken, S., Connolly, R.M., Chen, J., and Stantic, B. (2019). A hybrid is born: Integrating
collective sensing, citizen science and professional monitoring of the environment. Ecol.
Inform. 52, 35-45. https://doi.org/10.1016/j.ecoinf.2019.05.001.

Jovanovié, V., and Vukeli¢, B. (2015). Using geosocial analysis for real-time monitoring the
marine environments. J. Environ. Prot. Ecol. 16, 1344-1352.

de Juan, S., Ospina-Alvarez, A., Villasante, S., and Ruiz-Frau, A. (2021). A Graph Theory
approach to assess nature’s contribution to people at a global scale. Sci. Rep. 11, 1-13.
https://doi.org/10.1038/s41598-021-88745-z.

30



266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

2717.

Ruiz-Frau, A., Ospina-Alvarez, A., Villasante, S., Pita, P., Maya-Jariego, I., and de Juan, S.
(2020). Using graph theory and social media data to assess cultural ecosystem services in
coastal areas: Method development and application. Ecosyst. Serv. 45, 101176.
https://doi.org/10.1016/j.ecoser.2020.101176.

Khan, M.Z.A. (2019). Evaluating nature-based tourism in secured regions in developing
countries. Tour. Today 18, 180-193.

Kim, Y., Kim, C., Lee, D.K., Lee, H., and Andrada, R.II.T. (2019). Quantifying nature-based
tourism in protected areas in developing countries by using social big data. Tour. Manag. 72,
249-256. https://doi.org/10.1016/j.tourman.2018.12.005.

Retka, J., Jepson, P., Ladle, R.J., Malhado, A.C.M., Vieira, F.A.S., Normande, I.C., Souza,
C.N., Bragagnolo, C., and Correia, R.A. (2019). Assessing cultural ecosystem services of a
large marine protected area through social media photographs. Ocean Coast. Manag. 176,
40-48. https://doi.org/10.1016/j.ocecoaman.2019.04.018.

Antoniou, V., Fonte, C.C., See, L., Estima, J., Arsanjani, J.J., Lupia, F., Minghini, M., Foody,
G., and Fritz, S. (2016). Investigating the feasibility of geo-tagged photographs as sources of
land cover input data. ISPRS Int. J. Geo-Inf. 5, 64. https://doi.org/10.3390/ijgi5050064.
Yan, Y., Schultz, M., and Zipf, A. (2019). An exploratory analysis of usability of Flickr tags
for land use/land cover attribution. Geo-Spat. Inf. Sci. 22, 12-22.
https://doi.org/10.1080/10095020.2018.1560044.

Derungs, C., and Purves, R.S. (2016). Characterising landscape variation through spatial
folksonomies. Appl. Geogr. 75, 60-70. https://doi.org/10.1016/j.apgeoq.2016.08.005.
Gschwend, C., and Purves, R.S. (2012). Exploring geomorphometry through user generated
content: Comparing an unsupervised geomorphometric classification with terms attached to
georeferenced images in  Great Britain. Trans. GIS 16, 499-522.
https://doi.org/10.1111/j.1467-9671.2012.01307 .x.

Barros, C., Moya-Gomez, B., and Garcia-Palomares, J.C. (2019). Identifying temporal
patterns of visitors to national parks through geotagged photographs. Sustainability 11, 6983.
https://doi.org/10.3390/su11246983.

Barros, C., Moya-Gdémez, B., and Gutiérrez, J. (2020). Using geotagged photographs and
GPS tracks from social networks to analyse visitor behaviour in national parks. Curr. Issues
Tour. 23, 1291-1310. https://doi.org/10.1080/13683500.2019.1619674.

Moreno-Llorca, R., F. Méndez, P., Ros-Candeira, A., Alcaraz-Segura, D., Santamaria, L.,
Ramos-Ridao, A.F., Revilla, E., Bonet-Garcia, F.J., and Vaz, A.S. (2020). Evaluating tourist
profiles and nature-based experiences in Biosphere Reserves using Flickr: Matches and
mismatches between online social surveys and photo content analysis. Sci. Total Environ.
737, 140067. https://doi.org/10.1016/j.scitotenv.2020.140067.

Di Minin, E., Tenkanen, H., Hausmann, A., Heikinheimo, V., Jarv, O., and Toivonen, T.
(2016). Social media data for analysing spatio-temporal patterns and nature-based
preferences of people in national parks. In Proceedings of AGILE 2016.

31



278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

Hausmann, A., Toivonen, T., Slotow, R., Tenkanen, H., Moilanen, A., Heikinheimo, V., and
Di Minin, E. (2018). Social media data can be used to understand tourists’ preferences for
nature-based experiences in protected areas. Conserv. Lett. 11, e12343.
https://doi.org/10.1111/conl.12343.

Hausmann, A., Toivonen, T., Fink, C., Heikinheimo, V., Kulkarni, R., Tenkanen, H., and Di
Minin, E. (2020). Understanding sentiment of national park visitors from social media data.
People Nat. 2, 750-760. https://doi.org/10.1002/pan3.10130.

Tenkanen, H., Di Minin, E., Heikinheimo, V., Hausmann, A., Herbst, M., Kajala, L., and
Toivonen, T. (2017). Instagram, Flickr, or Twitter: Assessing the usability of social media
data for wvisitor monitoring in protected areas. Sci. Rep. 7, 17615.
https://doi.org/10.1038/s41598-017-18007-4.

Heikinheimo, V., Minin, E.D., Tenkanen, H., Hausmann, A., Erkkonen, J., and Toivonen, T.
(2017). User-generated geographic information for visitor monitoring in a national park: A
comparison of social media data and visitor survey. ISPRS Int. J. Geo-Inf. 6, 85.
https://doi.org/10.3390/ijgi6030085.

Heikinheimo, V., Tenkanen, H., Hiippala, T., and Toivonen, T. (2018). Digital imaginations
of national parks in different social media: A data exploration. In Proceedings of 1st
Workshop  on Platial  Analysis  (Heidelberg  university), pp.  45-52.
https://doi.org/10.5281/zenodo.1472745.

Ghermandi, A., Sinclair, M., Fichtman, E., and Gish, M. (2020). Novel insights on intensity
and typology of direct human-nature interactions in protected areas through passive
crowdsourcing. Glob. Environ. Change 65, 102189.
https://doi.org/10.1016/j.gloenvcha.2020.102189.

Dagan, D.T. (2019). Social media as a means of understanding park visitors: An evaluation
of user-generated content related to two low use, remote national parks.

Kuehn, D., Gibbs, J., Goldspiel, H., Barr, B., Sampson, A., Moutenot, M., Badding, J., and
Stradtman, L. (2020). Using social media data and park characteristics to understand park
visitation. J. Park Recreat. Adm. 38, 135-145. https://doi.org/10.18666/JPRA-2019-10035.
Liang, Y., Yin, J., Pan, B., Chi, G., Andris, C., Miller, Z., Jorgenson, J., and Nickerson, N.
(2020). Understanding demographics and experience of tourists in Yellowstone National
Park through social media. Travel Tour. Res. Assoc. Adv. Tour. Res. Glob. 54.

Sessions, C., Wood, S.A., Rabotyagov, S., and Fisher, D.M. (2016). Measuring recreational
visitation at U.S. National Parks with crowd-sourced photographs. J. Environ. Manage. 183,
703-711. https://doi.org/10.1016/j.jenvman.2016.09.018.

Walden-Schreiner, C., Leung, Y.-F., and Tateosian, L. (2018). Digital footprints:
Incorporating crowdsourced geographic information for protected area management. Appl.
Geogr. 90, 44-54. https://doi.org/10.1016/j.apge0g.2017.11.004.

Wood, S.A., Winder, S.G., Lia, E.H., White, E.M., Crowley, C.S.L., and Milnor, A.A. (2020).
Next-generation visitation models using social media to estimate recreation on public lands.
Sci. Rep. 10, 15419. https://doi.org/10.1038/s41598-020-70829-x.

32



290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

Levin, N., Lechner, A.M., and Brown, G. (2017). An evaluation of crowdsourced information
for assessing the visitation and perceived importance of protected areas. Appl. Geogr. 79,
115-126. https://doi.org/10.1016/j.apgeoq.2016.12.009.

Norman, P., and Pickering, C.M. (2017). Using volunteered geographic information to assess
park visitation: Comparing three on-line platforms. Appl. Geogr. 89, 163-172.
https://doi.org/10.1016/j.apgeog.2017.11.001.

Mancini, F., Coghill, G.M., and Lusseau, D. (2018). Using social media to quantify spatial
and temporal dynamics of nature-based recreational activities. PLOS ONE 13, e0200565.
https://doi.org/10.1371/journal.pone.0200565.

Sinclair, M., Mayer, M., Woltering, M., and Ghermandi, A. (2020). Using social media to
estimate visitor provenance and patterns of recreation in Germany’s national parks. J.
Environ. Manage. 263, 110418. https://doi.org/10.1016/j.jenvman.2020.110418.

Sinclair, M., Mayer, M., Woltering, M., and Ghermandi, A. (2020). Valuing nature-based
recreation using a crowdsourced travel cost method: A comparison to onsite survey data and
value transfer. Ecosyst. Serv. 45, 101165. https://doi.org/10.1016/j.ecoser.2020.101165.
Levin, N., Kark, S., and Crandall, D. (2015). Where have all the people gone? Enhancing
global conservation using night lights and social media. Ecol. Appl. 25, 2153-2167.
https://doi.org/10.1890/15-0113.1.

Waldron, A., Adams, V., Allan, J., Arnell, A., Asner, G., Atkinson, S., Baccini, A., Baillie,
J., Balmford, A., Beau, J.A., et al. (2020). Protecting 30% of the planet for nature: costs,
benefits and economic implications (Campaign for Nature).

Wood, S.A., Guerry, A.D., Silver, J.M., and Lacayo, M. (2013). Using social media to
quantify ~ nature-based  tourism  and  recreation. Sci. Rep. 3, 2976.
https://doi.org/10.1038/srep02976.

Gosal, A.S., and Ziv, G. (2020). Landscape aesthetics: Spatial modelling and mapping using
social media images and machine learning. Ecol. Indic. 117, 106638.
https://doi.org/10.1016/j.ecolind.2020.106638.

Bhatt, P., and Pickering, C.M. (2021). Public perceptions about Nepalese national parks: A
global  Twitter  discourse  analysis. Soc. Nat. Resour. 34, 685-702.
https://doi.org/10.1080/08941920.2021.1876193.

Mangachena, J.R., and Pickering, C.M. (2021). Implications of social media discourse for
managing national parks in South Africa. J. Environ. Manage. 285, 112159.
https://doi.org/10.1016/j.jenvman.2021.112159.

Campelo, M.B., and Nogueira Mendes, R.M. (2016). Comparing webshare services to assess
mountain bike wuse in protected areas. J. Outdoor Recreat. Tour. 15, 82-88.
https://doi.org/10.1016/j.jort.2016.08.001.

Cardoso, A.S. (2020). Deep learning to automate the assessment of cultural ecosystem
services from social media data.

Clemente, P., Calvache, M., Antunes, P., Santos, R., Cerdeira, J.O., and Martins, M.J. (2019).
Combining social media photographs and species distribution models to map cultural

33



304.

305.

306.

307.

308.

309.

310.

311

312.

313.

314.

ecosystem services: The case of a Natural Park in Portugal. Ecol. Indic. 96, 59-68.
https://doi.org/10.1016/j.ecolind.2018.08.043.

Ros Candeira, A., Moreno Llorca, R., Alcaraz Segura, D., Bonet Garcia, F.J., and Vaz, A.S.
(2020). Social media photo content for Sierra Nevada: a dataset to support the assessment of
cultural  ecosystem  services in protected areas. Nat. Conserv. 38, 1.
https://doi.org/10.3897/natureconservation.38.38325.

Vaz, A.S., Moreno-Llorca, R.A., Gongalves, J.F., Vicente, J.R., Méndez, P.F., Revilla, E.,
Santamaria, L., Bonet-Garcia, F.J., Honrado, J.P., and Alcaraz-Segura, D. (2020). Digital
conservation in biosphere reserves: Earth observations, social media, and nature’s cultural
contributions to people. Conserv. Lett. 13, €12704. https://doi.org/10.1111/conl.12704.
Rossi, S.D., Barros, A., Walden-Schreiner, C., and Pickering, C. (2020). Using social media
images to assess ecosystem services in a remote protected area in the Argentinean Andes.
Ambio 49, 1146-1160. https://doi.org/10.1007/s13280-019-01268-w.

Véisanen, T., Heikinheimo, V., Hiippala, T., and Toivonen, T. (2021). Exploring human-
nature interactions in national parks with social media photographs and computer vision.
Conserv. Biol. 35, 424-436. https://doi.org/10.1111/cobi.13704.

Vieira, F.A.S., Bragagnolo, C., Correia, R.A., Malhado, A.C.M., and Ladle, R.J. (2018). A
salience index for integrating multiple user perspectives in cultural ecosystem service
assessments. Ecosyst. Serv. 32, 182-192. https://doi.org/10.1016/j.ecoser.2018.07.009.
Chun, J., Kim, C.-K,, Kim, G.S., Jeong, J., and Lee, W.-K. (2020). Social big data informs
spatially explicit management options for national parks with high tourism pressures. Tour.
Manag. 81, 104136. https://doi.org/10.1016/j.tourman.2020.104136.

Hausmann, A., Toivonen, T., Heikinheimo, V., Tenkanen, H., Slotow, R., and Di Minin, E.
(2017). Social media reveal that charismatic species are not the main attractor of ecotourists
to sub-Saharan protected areas. Sci. Rep. 7, 763. https://doi.org/10.1038/s41598-017-00858-
6.

Hirvonen, H., Leppdmaki, T., Rinne, J.J., Muukkonen, P., Di Minin, E., and Fink, C. (2020).
Modifying and analyzing Flickr data for wildlife conservation. In Examples and progress in
geodata science, P. Muukkonen, ed. (University of Helsinki), pp. 66-90.

Willemen, L., Cottam, A.J., Drakou, E.G., and Burgess, N.D. (2015). Using social media to
measure the contribution of Red List species to the nature-based tourism potential of African
protected areas. PLOS ONE 10, e0129785. https://doi.org/10.1371/journal.pone.0129785.
Pickering, C.M., and Norman, P. (2020). Assessing discourses about controversial
environmental management issues on social media: Tweeting about wild horses in a national
park. J. Environ. Manage. 275, 111244. https://doi.org/10.1016/j.jenvman.2020.111244.
Barry, S.J. (2014). Using social media to discover public values, interests, and perceptions
about cattle grazing on park lands. Environ. Manage. 53, 454-464.
https://doi.org/10.1007/s00267-013-0216-4.

34



315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

326.

327.

Ebeling-Schuld, A.M., and Darimont, C.T. (2017). Online hunting forums identify
achievement as prominent among multiple satisfactions. Wildl. Soc. Bull. 41, 523-529.
https://doi.org/10.1002/wsb.796.

Liang, Y., Kirilenko, A.P., Stepchenkova, S.O., and Ma, S. (David) (2020). Using social
media to discover unwanted behaviours displayed by visitors to nature parks: Comparisons
of nationally and privately owned parks in the Greater Kruger National Park, South Africa.
Tour. Recreat. Res. 45, 271-276. https://doi.org/10.1080/02508281.2019.1681720.
Egorova, E. (2021). Using textual volunteered geographic information to model nature-based
activities: A case study from Aotearoa New Zealand. J. Spat. Inf. Sci., 25-63.
https://doi.org/10.5311/JOSI1S.2021.23.157.

Fisher, D.M., Wood, S.A., Roh, Y.-H., and Kim, C.-K. (2019). The geographic spread and
preferences of tourists revealed by user-generated information on Jeju Island, South Korea.
Land 8, 73. https://doi.org/10.3390/1and8050073.

Gliozzo, G., Pettorelli, N., and Haklay, M. (Muki) (2016). Using crowdsourced imagery to
detect cultural ecosystem services: a case study in South Wales, UK. Ecol. Soc. 21, 6.
http://dx.doi.org/10.5751/ES-08436-210306.

Juhasz, L., and Hochmair, H. (2019). Comparing the spatial and temporal activity patterns
between Snapchat, Twitter and Flickr in Florida. GIS Cent.
https://doi.org/10.1553/giscience2019 01 s134.

Karasov, O., Heremans, S., Kilvik, M., Domnich, A., and Chervanyov, I. (2020). On how
crowdsourced data and landscape organisation metrics can facilitate the mapping of cultural
ecosystem services: An Estonian case study. Land 9, 158.
https://doi.org/10.3390/land9050158.

Komossa, F., Wartmann, F.M., Kienast, F., and Verburg, P.H. (2020). Comparing outdoor
recreation preferences in peri-urban landscapes using different data gathering methods.
Landsc. Urban Plan. 199, 103796. https://doi.org/10.1016/j.landurbplan.2020.103796.
Komossa, F., Wartmann, F.M., and Verburg, P.H. (2021). Expanding the toolbox: Assessing
methods for local outdoor recreation planning. Landsc. Urban Plan. 212, 104105.
https://doi.org/10.1016/j.landurbplan.2021.104105.

Lotan, A., Kost, R., Mandelik, Y., Peled, Y., Chakuki, D., Shamir, S.Z., and Ram, Y. (2018).
National scale mapping of ecosystem services in Israel-genetic resources, pollination and
cultural services. One Ecosyst. 3, €25494. https://doi.org/10.3897/oneeco.3.e25494.

Lu, W., and Stepchenkova, S. (2012). Ecotourism experiences reported online: Classification
of satisfaction attributes. Tour. Manag. 33, 702-712.
https://doi.org/10.1016/j.tourman.2011.08.003.

Martinez Pastur, G., Peri, P.L., Lencinas, M.V., Garcia-Llorente, M., and Martin-Lopez, B.
(2016). Spatial patterns of cultural ecosystem services provision in Southern Patagonia.
Landsc. Ecol. 31, 383-399. https://doi.org/10.1007/s10980-015-0254-9.

Meng, S., Huang, Q., Zhang, L., He, C., Inostroza, L., Bai, Y., and Yin, D. (2020). Matches
and mismatches between the supply of and demand for cultural ecosystem services in rapidly

35



328.

329.

330.

331.

332.

333.

334.

335.

336.

337.

338.

339.

urbanizing watersheds: A case study in the Guanting Reservoir basin, China. Ecosyst. Serv.
45, 101156. https://doi.org/10.1016/j.ecoser.2020.101156.

Mufioz, L., Hausner, V.H., Runge, C., Brown, G., and Daigle, R. (2020). Using crowdsourced
spatial data from Flickr vs. PPGIS for understanding nature’s contribution to people in
Southern Norway. People Nat. 2, 437-449. https://doi.org/10.1002/pan3.10083.

Long, P.R., Nogué, S., Benz, D., and Willis, K.J. (2021). Devising a method to remotely
model and map the distribution of natural landscapes in Europe with the greatest recreational
amenity value (cultural services). Front. Biogeogr. 13.
https://doi.org/10.21425/F5FBG47737.

Oteros-Rozas, E., Martin-Lopez, B., Fagerholm, N., Bieling, C., and Plieninger, T. (2018).
Using social media photos to explore the relation between cultural ecosystem services and
landscape features across five European sites. Ecol. Indic. 94, 74-86.
https://doi.org/10.1016/j.ecolind.2017.02.009.

Runge, C.A., Daigle, R.M., and Hausner, V.H. (2020). Quantifying tourism booms and the
increasing footprint in the Arctic with social media data. PloS One 15, e02271809.
https://doi.org/10.1371/journal.pone.0227189.

Runge, C.A., Hausner, V.H., Daigle, R.M., and Monz, C.A. (2020). Pan-Arctic analysis of
cultural ecosystem services using social media and automated content analysis. Environ. Res.
Commun. 2, 075001. https://doi.org/10.1088/2515-7620/ab9c33.

Rieb, J.T., and Bennett, E.M. (2020). Landscape structure as a mediator of ecosystem service
interactions. Landsc. Ecol. 35, 2863-2880. https://doi.org/10.1007/s10980-020-01117-2.
Fox, N., August, T., Mancini, F., Parks, K.E., Eigenbrod, F., Bullock, J.M., Sutter, L., and
Graham, L.J. (2020). “photosearcher” package in R: An accessible and reproducible method
for  harvesting large  datasets from  Flickr.  SoftwareX 12, 100624.
https://doi.org/10.1016/j.s0ftx.2020.100624.

Zhang, H., and Smith, J. (2020). Validating the use of social media data to measure visitation
to public lands in Utah. In Proceedings of Conference of Travel and Tourism Research
Association: Advancing Tourism Research Globally.

Zhang, H., van Berkel, D., Howe, P.D., Miller, Z.D., and Smith, J.W. (2021). Using social
media to measure and map visitation to public lands in Utah. Appl. Geogr. 128, 102389.
https://doi.org/10.1016/j.apgeog.2021.102389.

Koylu, C., Zhao, C., and Shao, W. (2019). Deep neural networks and kernel density
estimation for detecting human activity patterns from geo-tagged images: A case study of
birdwatching on Flickr. ISPRS Int. J. Geo-Inf. 8, 45. https://doi.org/10.3390/ijgi8010045.
Mancini, F., Coghill, G.M., and Lusseau, D. (2019). Quantifying wildlife watchers’
preferences to investigate the overlap between recreational and conservation value of natural
areas. J. Appl. Ecol. 56, 387-397. https://doi.org/10.1111/1365-2664.13274.

Lee, H., Seo, B., Koellner, T., and Lautenbach, S. (2019). Mapping cultural ecosystem
services 2.0 — Potential and shortcomings from unlabeled crowd sourced images. Ecol. Indic.
96, 505-515. https://doi.org/10.1016/j.ecolind.2018.08.035.

36



340.

341.

342.

343.

344,

345.

346.

347.

348.

349.

350.

351.

Lenormand, M., Luque, S., Langemeyer, J., Tenerelli, P., Zulian, G., Aalders, 1., Chivulescu,
S., Clemente, P., Dick, J., Dijk, J. van, et al. (2018). Multiscale socio-ecological networks in
the age of information. PLOS ONE 13, e0206672.
https://doi.org/10.1371/journal.pone.0206672.

Vaz, A.S., Castro-Diez, P., Godoy, O., Alonso, A., Vila, M., Saldafia, A., Marchante, H.,
Bayon, A, Silva, J.S., Vicente, J.R., et al. (2018). An indicator-based approach to analyse the
effects of non-native tree species on multiple cultural ecosystem services. Ecol. Indic. 85,
48-56. https://doi.org/10.1016/j.ecolind.2017.10.009.

Vaz, A.S., Gongalves, J.F., Pereira, P., Santarém, F., Vicente, J.R., and Honrado, J.P. (2019).
Earth observation and social media: Evaluating the spatiotemporal contribution of non-native
trees to cultural ecosystem services. Remote Sens. Environ. 230, 111193.
https://doi.org/10.1016/j.rse.2019.05.012.

Wartmann, F.M., and Mackaness, W.A. (2020). Describing and mapping where people
experience tranquillity. An exploration based on interviews and Flickr photographs. Landsc.
Res. 45, 662—-681. https://doi.org/10.1080/01426397.2020.1749250.

Wartmann, F.M., Tieskens, K.F., van Zanten, B.T., and Verburg, P.H. (2019). Exploring
tranquillity experienced in landscapes based on social media. Appl. Geogr. 113, 102112.
https://doi.org/10.1016/j.apge0g.2019.102112.

Casalegno, S., Inger, R., DeSilvey, C., and Gaston, K.J. (2013). Spatial covariance between
aesthetic value and other ecosystem servicess PLOS ONE 8, e68437.
https://doi.org/10.1371/journal.pone.0068437.

Seresinhe, C.l., Moat, H.S., and Preis, T. (2018). Quantifying scenic areas using
crowdsourced data. Environ. Plan. B Urban Anal. City Sci. 45, 567-582.
https://doi.org/10.1177/0265813516687302.

Donaire, J.A., Camprubi, R., and Gali, N. (2014). Tourist clusters from Flickr travel
photography. Tour. Manag. Perspect. 11, 26-33. https://doi.org/10.1016/j.tmp.2014.02.003.
Dunkel, A. (2015). Visualizing the perceived environment using crowdsourced photo
geodata. Landsc. Urban Plan. 142, 173-186.
https://doi.org/10.1016/j.landurbplan.2015.02.022.

Figueroa-Alfaro, R.W., and Tang, Z. (2017). Evaluating the aesthetic value of cultural
ecosystem services by mapping geo-tagged photographs from social media data on
Panoramio and Flickr. J. Environ. Plan. Manag. 60, 266-281.
https://doi.org/10.1080/09640568.2016.1151772.

Van Berkel, D.B., Tabrizian, P., Dorning, M.A., Smart, L., Newcomb, D., Mehaffey, M.,
Neale, A., and Meentemeyer, R.K. (2018). Quantifying the visual-sensory landscape qualities
that contribute to cultural ecosystem services using social media and LiDAR. Ecosyst. Serv.
31, 326-335. https://doi.org/10.1016/j.ecoser.2018.03.022.

Foltéte, J.-C., Ingensand, J., and Blanc, N. (2020). Coupling crowd-sourced imagery and
visibility modelling to identify landscape preferences at the panorama level. Landsc. Urban
Plan. 197, 103756. https://doi.org/10.1016/j.landurbplan.2020.103756.

37



352.

353.

354.

355.

356.

357.

358.

359.

360.

361.

362.

363.

Wartmann, F.M., Acheson, E., and Purves, R.S. (2018). Describing and comparing
landscapes using tags, texts, and free lists: an interdisciplinary approach. Int. J. Geogr. Inf.
Sci. 32, 1572-1592. https://doi.org/10.1080/13658816.2018.1445257.

Gulgin, D. (2021). Predicting visual aesthetic preferences of landscapes near historical sites
by fluency theory using social media data and GIS. Lnternational J. Geogr. Geogr. Educ.,
265-277. https://doi.org/10.32003/igge.811658.

Karasov, O., Vieira, A.A.B., Kilvik, M., and Chervanyov, I. (2020). Landscape coherence
revisited: GIS-based mapping in relation to scenic values and preferences estimated with
geolocated social media data. Ecol. Indic. 111, 105973.
https://doi.org/10.1016/j.ecolind.2019.105973.

Lieskovsky, J., Rusidk, T., Klimantova, A., Izsoff, M., and GaSparovi¢ova, P. (2017).
Appreciation of landscape aesthetic values in Slovakia assessed by social media photographs.
Open Geosci. 9, 593-599. https://doi.org/10.1515/ge0-2017-0044.

Van Zanten, B.T., Van Berkel, D.B., Meentemeyer, R.K., Smith, J.W., Tieskens, K.F., and
Verburg, P.H. (2016). Continental-scale quantification of landscape values using social
media data. Proc. Natl. Acad. Sci. 113, 12974-12979.
https://doi.org/10.1073/pnas.1614158113.

Yoshimura, N., and Hiura, T. (2017). Demand and supply of cultural ecosystem services: Use
of geotagged photos to map the aesthetic value of landscapes in Hokkaido. Ecosyst. Serv. 24,
68-78. https://doi.org/10.1016/j.ecoser.2017.02.009.

Jeawak, S., Jones, C.B., and Schockaert, S. (2017). Using Flickr for characterizing the
environment: an exploratory analysis. In Proceedings of 13th International Conference on
Spatial Information Theory (Leibniz International Proceedings in Informatics).

Jeawak, S., Jones, C., and Schockaert, S. (2018). Mapping wildlife species distribution with
social media: Augmenting text classification with species names. In Proceedings of 10th
International Conference of Geographic Information Science. Leibniz International
Proceedings in Informatics (LIPIcs), S. Winter, A. Griffin, and M. Sester, eds. (Schloss
Dagstuhl/Leibniz-Zentrum fuer Informatik).

Jeawak, S.S., Jones, C.B., and Schockaert, S. (2020). Predicting environmental features by
learning spatiotemporal embeddings from social media. Ecol. Inform. 55, 101031.
https://doi.org/10.1016/j.ecoinf.2019.101031.

Jeawak, S.S., Jones, C.B., and Schockaert, S. (2020). Predicting the environment from social
media: A collective classification approach. Comput. Environ. Urban Syst. 82, 101487.
https://doi.org/10.1016/j.compenvurbsys.2020.101487.

Lin, J., and Cromley, R.G. (2015). Evaluating geo-located Twitter data as a control layer for
areal interpolation of population. Appl. Geogr. 58, 41-47.
https://doi.org/10.1016/j.apgeog.2015.01.006.

Patel, N.N., Stevens, F.R., Huang, Z., Gaughan, A.E., Elyazar, 1., and Tatem, A.J. (2017).
Improving large area population mapping using geotweet densities. Trans. GIS 21, 317-331.
https://doi.org/10.1111/tgis.12214.

38



364.

365.

366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

Pennington, C., Freeborough, K., Dashwood, C., Dijkstra, T., and Lawrie, K. (2015). The
National Landslide Database of Great Britain: Acquisition, communication and the role of
social media. Geomorphology 249, 44-51. https://doi.org/10.1016/j.geomorph.2015.03.013.
Silva, S.J., Barbieri, L.K., and Thomer, A.K. (2018). Observing vegetation phenology
through social media. PLOS ONE 13, e0197325.
https://doi.org/10.1371/journal.pone.0197325.

Wang, Z., Ke, L., Cui, X,, Yin, Q., Liao, L., Gao, L., and Wang, Z. (2017). Monitoring
environmental quality by sniffing social ~media. Sustainability 9, 85.
https://doi.org/10.3390/su9020085.

Yang, M. (2020). Investigating seasonal color change in the environment by color analysis
and information visualization. Color Res. Appl. 45, 503-511.
https://doi.org/10.1002/col.22484.

Kovacs, K., Polasky, S., Nelson, E., Keeler, B.L., Pennington, D., Plantinga, A.J., and Taff,
S.J. (2013). Evaluating the return in ecosystem services from investment in public land
acquisitions. PLOS ONE 8, e62202. https://doi.org/10.1371/journal.pone.0062202.

Alemu 1, J.B., Richards, D.R., Gaw, L.Y.-F., Masoudi, M., Nathan, Y., and Friess, D.A.
(2021). Identifying spatial patterns and interactions among multiple ecosystem services in an
urban mangrove landscape. Ecol. Indic. 121, 107042.
https://doi.org/10.1016/j.ecolind.2020.107042.

Richards, D.R., and Friess, D.A. (2015). A rapid indicator of cultural ecosystem service usage
at a fine spatial scale: Content analysis of social media photographs. Ecol. Indic. 53, 187-
195. https://doi.org/10.1016/j.ecolind.2015.01.034.

Ciesielski, M., and Sterenczak, K. (2020). Volunteered Geographic Information data as a
source of information on the use of forests in the Warsaw agglomeration. Sylwan 164, 695-
704.

Bernetti, 1., Chirici, G., and Sacchelli, S. (2019). Big data and evaluation of cultural
ecosystem services: an analysis based on geotagged photographs from social media in Tuscan
forest (Italy). IForest - Biogeosciences For. 12, 98. https://doi.org/10.3832/ifor2821-011.
Fisher, D.M., Wood, S.A., White, E.M., Blahna, D.J., Lange, S., Weinberg, A., Tomco, M.,
and Lia, E. (2018). Recreational use in dispersed public lands measured using social media
data and on-site counts. J. Environ. Manage. 222, 465-474.
https://doi.org/10.1016/j.jenvman.2018.05.045.

Jo, J.-H., Choi, M., Lee, C.-B., Lee, K., and Kim, O.S. (2021). Comparing strengths and
weaknesses of three approaches in estimating social demands for local forest ecosystem
services in South Korea. Forests 12, 497. https://doi.org/10.3390/f12040497.

Sonter, L.J., Watson, K.B., Wood, S.A., and Ricketts, T.H. (2016). Spatial and temporal
dynamics and value of nature-based recreation, estimated via social media. PLOS ONE 11,
e0162372. https://doi.org/10.1371/journal.pone.0162372.

39



376.

377.

378.

379.

380.

381.

382.

383.

384.

385.

386.

387.

Bhalla, P., Bhattacharya, P., Areendran, G., and Raj, K. (2022). Ecotourism spatio-temporal
models to identify visitation patterns across the Indian Himalayan Region. GeoJournal 87,
1777-1792. https://doi.org/10.1007/s10708-020-10336-8.

Gupta, S., Anand, S., and Gwal, S. (2018). Inbound tourism in Uttarakhand, India, before and
after the 2013 Kedarnath disaster — evidence derived from social networking sites using GIS.
Curr. Sci. 114, 1755-1759.

Moczek, N., Dworschak, U., and Klar, C. Visitor behaviour in the Berchtesgaden National
Park - Impact of social media. Nat. Landsch. 11, 492-499.

Orsi, F., and Geneletti, D. (2013). Using geotagged photographs and GIS analysis to estimate
visitor ~ flows in  patural areas. J. Nat. Conserv. 21,  359-368.
https://doi.org/10.1016/j.jnc.2013.03.001.

Pickering, C., Walden-Schreiner, C., Barros, A., and Rossi, S.D. (2020). Using social media
images and text to examine how tourists view and value the highest mountain in Australia. J.
Outdoor Recreat. Tour. 29, 100252. https://doi.org/10.1016/j.jort.2019.100252.
Walden-Schreiner, C., Rossi, S.D., Barros, A., Pickering, C., and Leung, Y.-F. (2018). Using
crowd-sourced photos to assess seasonal patterns of visitor use in mountain-protected areas.
Ambio 47, 781-793. https://doi.org/10.1007/s13280-018-1020-4.

Schirpke, U., Meisch, C., Marsoner, T., and Tappeiner, U. (2018). Revealing spatial and
temporal patterns of outdoor recreation in the European Alps and their surroundings. Ecosyst.
Serv. 31, 336-350. https://doi.org/10.1016/j.ecoser.2017.11.017.

Signorello, G., Farinella, G.M., Di Silvestro, L., Torrisi, A., and Gallo, G. (2018). Exploring
geo-tagged photos to assess spatial patterns of visitors in protected areas: The case of park of
Etna (Italy). In Proceedings of VGI Geovisual Analytics Workshop, colocated with BDVA
2018.

Egarter Vigl, L., Marsoner, T., Giombini, V., Pecher, C., Simion, H., Stemle, E., Tasser, E.,
and Depellegrin, D. (2021). Harnessing artificial intelligence technology and social media
data to support Cultural Ecosystem Service assessments. People Nat. 3, 673-685.
https://doi.org/10.1002/pan3.10199.

Schirpke, U., Altzinger, A., Leitinger, G., and Tasser, E. (2019). Change from agricultural to
touristic use: Effects on the aesthetic value of landscapes over the last 150 years. Landsc.
Urban Plan. 187, 23-35. https://doi.org/10.1016/j.1andurbplan.2019.03.004.

Tenerelli, P., Puffel, C., and Luque, S. (2017). Spatial assessment of aesthetic services in a
complex mountain region: Combining visual landscape properties with crowdsourced
geographic information. Landsc. Ecol. 32, 1097-1115. https://doi.org/10.1007/s10980-017-
0498-7.

Tenerelli, P., Demsar, U., and Luque, S. (2016). Crowdsourcing indicators for cultural
ecosystem services: A geographically weighted approach for mountain landscapes. Ecol.
Indic. 64, 237-248. https://doi.org/10.1016/j.ecolind.2015.12.042.

40



388.

389.

390.

391.

392.

393.

394.

395.

396.

397.

398.

399.

Atsumi, K., and Koizumi, I. (2017). Web image search revealed large-scale variations in
breeding season and nuptial coloration in a mutually ornamented fish, Tribolodon hakonensis.
Ecol. Res. 32, 567-578. https://doi.org/10.1007/s11284-017-1466-z.

Daume, S., and Galaz, V. (2016). “Anyone know what species this is?” — Twitter
conversations as embryonic citizen science communities. PLOS ONE 11, e0151387.
https://doi.org/10.1371/journal.pone.0151387.

Dylewski, L., Mikula, P., Tryjanowski, P., Morelli, F., and Yosef, R. (2017). Social media
and scientific research are complementary—YouTube and shrikes as a case study. Sci. Nat.
104, 48. https://doi.org/10.1007/s00114-017-1470-8.

Hart, A.G., Carpenter, W.S., Hlustik-Smith, E., Reed, M., and Goodenough, A.E. (2018).
Testing the potential of Twitter mining methods for data acquisition: Evaluating novel
opportunities for ecological research in multiple taxa. Methods Ecol. Evol. 9, 2194-2205.
https://doi.org/10.1111/2041-210X.13063.

Jagiello, Z.A., Dyderski, M.K., and Dylewski, L. (2019). What can we learn about the
behaviour of red and grey squirrels from YouTube? Ecol. Inform. 51, 52-60.
https://doi.org/10.1016/j.ecoinf.2019.02.006.

Maritz, R.A., and Maritz, B. (2020). Sharing for science: High-resolution trophic interactions
revealed rapidly by social media. PeerJ 8, €9485. https://doi.org/10.7717/peerj.9485.
August, T.A., Pescott, O.L., Joly, A., and Bonnet, P. (2020). Al naturalists might hold the
key to unlocking biodiversity data in social media imagery. Patterns 1, 100116.
https://doi.org/10.1016/j.patter.2020.100116.

Barve, V. (2014). Discovering and developing primary biodiversity data from social
networking  sites: A novel approach.  Ecol. Inform. 24,  194-199.
https://doi.org/10.1016/j.ecoinf.2014.08.008.

ElQadi, M.M., Dorin, A., Dyer, A., Burd, M., Bukovac, Z., and Shrestha, M. (2017). Mapping
species distributions with social media geo-tagged images: Case studies of bees and flowering
plants in Australia. Ecol. Inform. 39, 23-31. https://doi.org/10.1016/j.ecoinf.2017.02.006.
Jiménez-Valverde, A., Pefia-Aguilera, P., Barve, V., and Burguillo-Madrid, L. (2019). Photo-
sharing platforms key for characterising niche and distribution in poorly studied taxa. Insect
Conserv. Divers. 12, 389-403. https://doi.org/10.1111/icad.12351.

Cloutier, T.L., Rasmussen, G.S.A., Giordano, A.J., Kaplin, B.A., and Willey, L. (2021).
Digital conservation: Using social media to investigate the scope of African painted dog den
disturbance by humans. Hum. Dimens. Wildl. 26, 481-491.
https://doi.org/10.1080/10871209.2020.1849873.

Cong, L., Wu, B., Morrison, A.M., Shu, H., and Wang, M. (2014). Analysis of wildlife
tourism experiences with endangered species: An exploratory study of encounters with giant
pandas in Chengdu, China. Tour. Manag. 40, 300-310.
https://doi.org/10.1016/j.tourman.2013.07.005.

41



400.

401.

402.

403.

404.

405.

406.

407.

408.

4009.

410.

411.

412.

413.

Lavorel, S., Rey, P.-L., Grigulis, K., Zawada, M., and Byczek, C. (2020). Interactions
between outdoor recreation and iconic terrestrial vertebrates in two French alpine national
parks. Ecosyst. Serv. 45, 101155. https://doi.org/10.1016/j.ecoser.2020.101155.

Lopez, B., Minor, E., and Crooks, A. (2020). Insights into human-wildlife interactions in
cities from bird sightings recorded online. Landsc. Urban Plan. 196, 103742.
https://doi.org/10.1016/j.landurbplan.2019.103742.

Goodbody, T.R.H., Coops, N.C., Srivastava, V., Parsons, B., Kearney, S.P., Rickbeil, G.J.M.,
and Stenhouse, G.B. (2021). Mapping recreation and tourism use across grizzly bear recovery
areas using social network data and maximum entropy modelling. Ecol. Model. 440, 109377.
https://doi.org/10.1016/j.ecolmodel.2020.109377.

Jager, H., Schirpke, U., and Tappeiner, U. (2020). Assessing conflicts between winter
recreational activities and grouse species. J. Environ. Manage. 276, 111194.
https://doi.org/10.1016/j.jenvman.2020.111194.

El Bizri, H.R., Morcatty, T.Q., Lima, J.J.S., and Valsecchi, J. (2015). The thrill of the chase:
uncovering illegal sport hunting in Brazil through YouTube™ posts. Ecol. Soc. 20.
http://dx.doi.org/10.5751/ES-07882-200330.

Lunstrum, E. (2017). Feed them to the lions: Conservation violence goes online. Geoforum
79, 134-143. https://doi.org/10.1016/j.geoforum.2016.04.009.

Fink, C., Hausmann, A., and Di Minin, E. (2020). Online sentiment towards iconic species.
Biol. Conserv. 241, 108289. https://doi.org/10.1016/j.biocon.2019.108289.

Hausmann, A., Toivonen, T., Fink, C., Heikinheimo, V., Tenkanen, H., Butchart, S.H.M.,
Brooks, T.M., and Di Minin, E. (2019). Assessing global popularity and threats to Important
Bird and Biodiversity Areas using social media data. Sci. Total Environ. 683, 617-623.
https://doi.org/10.1016/j.scitotenv.2019.05.268.

Nekaris, B.K.A.-1., Campbell, N., Coggins, T.G., Rode, E.J., and Nijman, V. (2013). Tickled
to death: Analysing public perceptions of 'cute’ videos of threatened species (slow lorises —
Nycticebus  spp.) on  Web 2.0  sites. PLOS ONE 8, e69215.
https://doi.org/10.1371/journal.pone.0069215.

Roberge, J.-M. (2014). Using data from online social networks in conservation science:
which species engage people the most on Twitter? Biodivers. Conserv. 23, 715-726.
https://doi.org/10.1007/s10531-014-0629-2.

Fink, C., Toivonen, T., Correia, R.A., and Di Minin, E. (2021). Mapping the online songbird
trade in Indonesia. Appl. Geogr. 134, 102505. https://doi.org/10.1016/j.apgeog.2021.102505.
Hinsley, A., Lee, T.E., Harrison, J.R., and Roberts, D.L. (2016). Estimating the extent and
structure of trade in horticultural orchids via social media. Conserv. Biol. 30, 1038-1047.
https://doi.org/10.1111/cobi.12721.

Kitson, H., and Nekaris, K.A.l. (2017). Instagram-fuelled illegal slow loris trade uncovered
in Marmaris, Turkey. Oryx 51, 394. https://doi.org/10.1017/S0030605317000680.

Allain, S. (2019). Mining Flickr: a method for expanding the known distribution of invasive
species. Herpetol. Bull. 148, 11-14. https://doi.org/10.33256/hb148.1114.

42



414. Daume, S., Albert, M., and von Gadow, K. (2014). Forest monitoring and social media —
Complementary data sources for ecosystem surveillance? For. Ecol. Manag. 316, 9-20.
https://doi.org/10.1016/j.foreco.2013.09.004.

415. Daume, S. (2016). Mining Twitter to monitor invasive alien species — An analytical
framework and sample information topologies. Ecol. Inform. 31, 70-82.
https://doi.org/10.1016/j.ecoinf.2015.11.014.

43



	Social media data for environmental sustainability: A critical review of opportunities, threats, and ethical use
	Understanding direct human-nature interactions at scale
	Observing temporal dynamics of social-ecological change
	Investigating the co-construction of meaning and values
	Shutdown of platforms
	Restrictions in terms of services and changes thereof
	Data manipulation and censorship
	Inclusivity
	Transparency
	Responsibility
	Resource availability
	Lead contact
	Material availability
	Data and code availability

	Review protocol
	Supplemental information
	Acknowledgments
	Author contributions
	Declaration of interests
	References


