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User-Generated Content and Its
Applications in Urban Studies
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Abstract The emergence of Web 2.0 and mobile Internet produces massive user-
generated content (UGC), including geo-tagged photos, social network posts, street
view images, and crowdsourcedGPS trajectories.UGCcreates unprecedented oppor-
tunities to sense what was previously hidden in the physical surfaces of cities and to
portray the interactions of infrastructures, geo-information, and people; therefore, it
is not only a new lens for urban space but also leads to innovative applications. In this
chapter, we will introduce several typical types of UGC, such as geo-tagged photos,
social media data, crowdsourcing GPS trajectories, and videos. We showcase ways
in which user-generated big data can be harvested and analyzed to generate invisible
and impressionistic landscapes of urban dynamics and to stimulate innovative appli-
cations. We discuss typical UGC-driven applications to demonstrate the potential of
UGC in revealing how urban spaces are perceived by the public, establishing links
between tangible artifacts and physical-cyber-social spaces. This fosters alternative
approaches to urban informatics that better capture the intricate nature of urban space
and its dynamics.
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29.1 Introduction

Cities are the living spaces of more than 50% of the global population but occupy
less than 2% of the Earth’s land surface. Although the past decades have witnessed
advances in the economy, the environment, and human health in urban areas, espe-
cially in developing countries, cities are still facing great challenges on the way
toward a sustainable future. These challenges include traffic congestion, environ-
mental pollution, waste management, vitality loss, and social inequality. Since 2000,
the boom of information and communication technologies (ICT), Internet, and artifi-
cial intelligence (AI) has produced massive urban data. Therefore, urban studies are
increasingly adopting an information-centric approach where they meet geographic
information science (GIS), computer science, urban planning, etc. (Batty 2013; Li
2017).

When enabled with Web 2.0, mobile Internet, and smartphones, humans become
sensors to perceive their immediate surroundings and thus produce multi-source and
heterogeneous content, such as text, images, videos, and audio, that is, user-generated
content (UGC) (Koskinen 2003; Wang et al. 2014). UGC denotes content that has
been posted by users on online platforms, including Internet forums, blogs, wikis,
Instagram, YouTube, Douyin, and social networks such as Weibo, Facebook, and
Twitter (Cha et al. 2007; George and Scerri 2007; Goodchild 2007; Krumm et al.
2008; Lenders et al. 2008; Hollenstein and Purves 2010; Heipke 2010). The use
of UGC has grown rapidly in recent years, because of its comparatively low cost,
high penetration, and fast update. For instance, the popular Wikipedia (Fig. 29.1a),
edited by worldwide volunteers, has become the largest encyclopedia in the world
and continues to be updated following advances in science, technology, and society.
Another example is OpenStreetMap (OSM; Haklay and Weber 2008; Fig. 29.1b)
which attracts large numbers of volunteers who use GPS and fine-resolution imagery
to produce a comprehensive base map covering 80% of all roads (Barrington-Leigh

(a) (b)

Fig. 29.1 Representative user-generated content Web sites. a Wikipedia (https://www.wikipe
dia.org/); b OpenStreetMap in Shenzhen (https://www.openstreetmap.org/#map=11/22.5322/114.
0912&layers=T)

https://www.wikipedia.org/
https://www.openstreetmap.org/#map%3d11/22.5322/114.0912%26layers%3dT
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andMillard-Ball 2017). Nowadays, OSM not only supports route planning and navi-
gation services but also provides benefits to city planners with newly available urban
data.

Classic urban studies generally rely on census data or field survey, which is expen-
sive, labor-intensive, and of low temporal resolution. UGC enables urban studies to
dive into the wave of big data (Aguilera et al. 2016). In general, UGC is produced
by volunteers and thus contains volunteers’ perceptions, preferences, or opinions
about places, topics, and people. Accordingly, massive UGC provides unprecedented
data sources for urban researchers to extra urban knowledge. On the other hand,
UGC also motivates an alternative approach for conceptualizing and portraying the
dynamics, structures, and characteristics of city. Consequently, UGC stimulates inno-
vative urban applicationswhich sense infrastructures, spaces, and people at all scales,
reveals hidden urban knowledge, and makes real-time responses in support of urban
emergency and long-term urban policies. Here, we sketch several types of UGC and
their potential in urban sectors. The general framework of UGC-driven urban studies
and insightful urban applications is reviewed. We discuss the challenges and future
directions, including data quality and privacy, multi-source data fusion, integration
of urban sensing, and urban governance.

The remainder of this chapter is organized as follows: Sect. 29.2 introduces four
representative types of UGC, including geo-tagged photos, social media data, crowd-
sourcing GPS trajectories, and videos. Section 29.3 presents the general framework
of UGC-driven urban studies and reviews typical urban applications. Section 29.4
discusses challenges and future directions. Section 29.5 concludes the chapter and
discusses future work.

29.2 User-Generated Content

User-generated content has had a great impact on information-centric urban studies
because of its appealing characteristics that crystallize the relationship between urban
spaces and human activities with massive crowdsourcing data (Crooks et al. 2016;
Jenkins et al. 2016; Thakuriah et al. 2016; Valdez et al. 2018). Accordingly, the
sources and types of UGC are various (Heipke 2010; Mart et al. 2019; See et al.
2019). The focus heremainly concentrates on geo-tagged user-generated content as it
provides opportunities to expose the hidden social, economic, anddemographic infor-
mation in urban spaces (Jenkins et al. 2016), which greatly benefits our understanding
of the diversity of urban spaces and the complexity of urban dynamics. This section
reviews several popular types of UGC and their characteristics, to provide a global
overview of UGC, including geo-tagged photos, social media data, crowdsourcing
GPS trajectories, and videos.
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29.2.1 Geo-Tagged Photos

Geo-tagged photos are images uploaded to Internet forums and social networks by
users. Usually, these photos are tagged with either explicit geographic coordinates
or implicit forms of geo-information (e.g. point of interest or place name). There
are two popular types of geo-tagged photos. One is sourced from the photo-sharing
services, such as Flickr or Picasa, which allow users to share geo-tagged photos
with text tags (Chen et al. 2018). Nowadays, there are many publicly available geo-
tagged photos. For example, Yahoo Research Lab (Thomee et al. 2016) published
one Flickr dataset YFCC100M containing 100 million images (https://webscope.san
dbox.yahoo.com/catalog.php?datatype=i) for benchmarking purposes. MIT CSAIL
(Zhou et al. 2018) published the dataset Place including 10 million photos of urban
landmarks (http://places2.csail.mit.edu/). These photos, coordinates, and timestamps
can be used to generate user footprints (Alivand and Hochmair 2017). Meanwhile,
tagged texts provide auxiliary information with certain models, e.g. topic probability
models. Through extracting the information hidden in these photos, researchers can
effectively detect the temporal activities of photo takers and further analyze the
behavior patterns of urban citizens.

Another type of geo-tagged photo is sourced from street view images collected by
vehicles or volunteers, such as Google Street View (Hara et al. 2013; Li et al. 2015).
Street view images usually contain one panoramic image and the corresponding
location and therefore provide a sequence of images along a road. Different from
remote sensing images monitoring geographic objects from above (aerial or space),
the major advantage of street view images is the access they provide to urban land-
scapes from a pedestrian-like angle (Li et al. 2015; Cao et al. 2018). Consequently,
street view images have had a significant impact on street level research, on such
topics as urban greenery (Li et al. 2015), sidewalk accessibility (Hara et al. 2013),
and the demographics of neighborhoods (Gebru et al. 2017).

Using innovative technologies such as computer vision and semantic annotations,
geo-tagged photos have been used to extract massive knowledge about urban places
and human beings. With regard to urban places, geo-tagged photos enable us to
assess urban landscapes (Gebru et al. 2017; Li et al. 2015), including, for example,
the distribution of urban infrastructure. In terms of human beings, they offer an
opportunity to explore human social and mobility patterns at multiple geographic
scales (Alivand and Hochmair 2017; Zhang et al. 2018). Furthermore, researchers
can leverage them as a lens to articulate the relationship between urban spaces and
human beings.

29.2.2 Social Media Data

Social media data contribute another valuable form of content to urban studies, espe-
cially location-based social networks (LBSN) (Kim et al. 2017; Shelton et al. 2015;

https://webscope.sandbox.yahoo.com/catalog.php?datatype=i
http://places2.csail.mit.edu/
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Thakuriah et al. 2016). In 2018, there were over 3 billion active social media users,
and almost 3 billion active users of mobile social media (Mart et al. 2019). Gener-
ally, LBSN data provide various perspectives on social, economic, and demographic
aspects in urban spaces. Through embedding social media data into urban spaces,
the link to human beings is established, enabling the tangible and comprehensive
understanding of human–environment interactions (Mart et al. 2019).

To date, there have been many substantial studies using LBSN data (e.g.
Foursquare, Twitter, Airbnb, and Weibo) to portray urban dynamics. Table 29.1 lists
the publicly available social media content. Foursquare data usually include place
information, including check-ins, ratings, tips, and photos. Foursquare data have
been used to identify users’ perceptions and preferences in urban spaces through the
identification of the most visited or checked-in places (Agryzkov et al. 2016; Mart
et al. 2017). Twitter and Weibo are other commonly used social media datasets. The
coordinates and timestamps associated with social media content of Twitter can be
used to detect the spatiotemporal patterns in people’s presence and activities (Crooks
et al. 2015). Combined with natural language processing (NLP), Twitter is capable of
detecting certain events, hot topics, culture distribution, urban functions, etc. (Yang
et al. 2015; Tu et al. 2017; Tu et al. 2018a). Different from Twitter data, the content of
Instagram is more visually related about the observed entity rather than text related,
in the format of coordinates, photos, and corresponding descriptions (Giridhar et al.
2017). Thus, Instagram-based studies focus on the descriptions of a place through
keywords and the activities happening in a place (Mart et al. 2019). Airbnb, oneWeb
site offering information about temporal accommodation plays an important role in
urban studies about rental homes. Meanwhile, Airbnb content provides an insight to
observe tourism, especially in tourist cities.

Table 29.1 Publicly available social media data

Social media data Description Web link

Global Foursquare check-in
dataset (Yang et al. 2015)

Contains 33,278,683
check-ins by
266,909 users on 3,680,126
venues (in 415 cities in 77
countries)

https://sites.google.com/site/
yangdingqi/home/foursquare-
dataset

Twitter dataset (Yang and
Leskovec 2011)

Includes 467 million Twitter
posts from 20 million users
covering a 7-month period
from June 1, 2009, to
December 31, 2009

https://snap.stanford.edu/data/
twitter7.html

Instagram dataset (Ferrara
et al. 2014)

Contains information from
45,000 users of Instagram
during the period from Jan 20
to Feb 17, 2014

http://www.emilio.ferrara.
name/datasets/

Airbnb dataset Contains reviews, listings, and
neighborhood information in
worldwide cities

http://insideairbnb.com/get-the-
data.html

https://sites.google.com/site/yangdingqi/home/foursquare-dataset
https://snap.stanford.edu/data/twitter7.html
http://www.emilio.ferrara.name/datasets/
http://insideairbnb.com/get-the-data.html
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29.2.3 Crowdsourcing GPS Trajectories

The availability of crowdsourcing technologies facilitates the emergence and effec-
tive usage of geospatial data, which is of profound significance in the planning
and management of urban spaces (Crooks et al. 2015; Jenkins et al. 2016). Crowd-
sourced GPS trajectories are usually collected by volunteers without professional
services (Heipke 2010), implementing the concept of citizens as sensors proposed
by Goodchild (See et al. 2019). So far, there have been many projects about crowd-
sourcing geospatial data (Heipke 2010), such as OpenStreetMap (OSM) (Planet
2019), Wikimapia, or HD TrafficTM. OSM is probably the most prominent among all
the crowdsourcing projects (Heipke 2010). The purpose of OSM is to establish a free,
editable map across the world, supported by volunteers acting as sensors to collect
geographic data (Barron et al. 2014). OSM has been widely used in a broad range of
urban applications, from navigation to routing, from urban block division to urban
function recognition (Crooks et al. 2015). In addition, digital footprints extracted
from crowdsourced GPS trajectories are also important proxies. Digital footprints
through time provide an insight to understand humanmobility patterns and also offer
access to the dynamic cognition of urban places.

29.2.4 Videos

Videos contain amounts of dynamic information about described phenomena and can
greatly assist urban planning and management, such as urban scene understanding
(Cordts et al. 2016), human activity analysis (Zhu et al. 2017), transportation surveil-
lance (Chen et al. 2016), and emergency management (Schnebele et al. 2015). There
are many ways to obtain video datasets, such as from YouTube videos (Douyin
and Kuaishou), from social media platforms, urban surveillance videos, and street
videos. Unlike the above three kinds of UGC data, although information in videos
is wealthy and dynamic, it is relatively difficult to process videos quickly and effi-
ciently due to their volume, noise, and diversity (Zhu et al. 2017). Lots of techniques
for motion estimation, tracking, segmentation, and video filtering have been devel-
oped (Tekalp 2015). Nowadays, human activity and perception have become hot
topics in urban studies. Videos from social media platforms, such as YouTube, can
be utilized to perform spatiotemporal mapping of human activity, in the form of
human activity recognition, sport mapping, weather impacts on human activities,
crime detection, etc. (Zhu et al. 2017). Moreover, videos can reveal functions in
urban scene understanding, such as those revealed by the Cityscapes dataset (https://
www.cityscapes-dataset.com/; Cordts et al. 2016). This dataset provides a detailed
annotated class list of urban stereo videos covering fifty cities, which can be used in
semantic understanding of urban scenes (Cordts et al. 2016).

https://www.cityscapes-dataset.com/
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29.3 Urban Studies Driven by User-Generated Content

User-generated content contains massive hidden information, such as the users’
socioeconomic status, preferences, opinions, and activity-mobility patterns (Jenkins
et al. 2016; Mart et al. 2019; Thakuriah et al. 2016; Venerandi et al. 2015). Large
volume UGC is stored, cleaned, and extracted to learn about phenomena in urban
spaces and the interactions between urban functions and people. Consequently, UGC
has beenwidely applied in urban studies, such as in urban planning, urban transporta-
tion, urban environment, and health. This section presents the general framework of
UGC-driven urban studies and reviews representative urban applications.

29.3.1 Framework for UGC-Driven Urban Studies

Acquisition, integration, and analysis of UGC can be used to tackle the major issues
that cities face, e.g. traffic congestion, urban growth, air pollution, public health,
and urban safety. Generally, the framework of UGC-driven urban studies contains
four layers from the bottom to the top as shown in Fig. 29.2: UGC harvesting, UGC
management, UGC analytics, and smart urban applications.

In the UGC harvesting layer, single- or multi-source UGC is acquired from an
online forum, vertical Web sites, and social networks. For example, posted Twitter
messages about a city will be crawled for future data processing and analytics. In the
second UGC management layer, the acquired UGC will be organized by locations,
by users, or by associated topics. High-performance computing architectures and
effective indexing structures that simultaneously incorporate spatiotemporal infor-
mation, and texts will be built for efficient data manipulation. In the UGC analytics
step, data mining (clustering and classification), and machine learning (e.g. logistics
regression, decision tree, random forest, and support vector machine), deep learning
(e.g. convolutional neural networks, deep residual networks, generative adversarial
networks), and visualization will be used to recognize objects, patterns, and associa-
tions, and to speculate about causes and effects. In the smart urban application step,
this extracted urban knowledge will be utilized by urban planners, transportation
officials, environmentalists, and medical departments. In addition, the information
will be disseminated to related people and organizations to improve urban living.

29.3.2 Urban Planning

Urban planning refers to social, economic, and political activities concerning the
interconnectedness and complexity of urban spaces (Levy 2016). Urban planning is
close related to many interactions of places and people, including urban form, land-
use planning, locating transportation infrastructures, and designing urban interfaces.
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Fig. 29.2 General framework of urban studies using user-generated content

UGC not only provides rich representations about urban space, but also opens access
to human activity research (Crooks et al. 2015; Li et al. 2017; Longley and Adnan
2016).

The focus here mainly lies on two parts, namely human activity, and urban
form and function. Regarding human activity, social media data collected from
a great number of users, such as Foursquare, Instagram, or Twitter, provide the
detailed descriptions of human activities within urban spaces (Mart et al. 2019),
with which researchers can recognize activity patterns at suitable spatiotemporal
scales. Recently, Tu et al. (2018a) fused large volume social media check-in data
and mobile phone positioning data to extract city-wide human activities and portray
their diurnal patterns. Gebru et al. (2017) inferred demographic information at neigh-
borhoods across the USA from massive street view images. Studies of urban form
and function address the aggregation of the physical shapes of urban spaces and the
human activities that happen in these spaces respectively (Crooks et al. 2016). UGC
provides large amounts of information that can be used to understand urban form and
function and highlights how they influence each other (Crooks et al. 2015). Street
network maps of OSM give detailed insights into urban form and are of fundamental
importance in a range of applications. Other types of UGC, such as geo-tagged
photos and social-media data, can be used to understand urban function (Gebru et al.
2017; Li et al. 2015; Cao et al. 2018). For example, Zhong et al. (2018) presented a
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tweet-topic-function-structure framework to reveal spatial patterns from individual
tweets. Their results demonstrated that when aggregating tweets by zones, the areas
with the same topics form spatial clusters but of entangled urban functions. Using
massive street view images, Zhang et al. (2018) developed a data-driven deep learning
approach to map the distribution of city-wide human perception (e.g. safe, lively,
beautiful, wealthy, depressing, or boring), which suggest the potential of massive
UGC.

29.3.3 Urban Transportation

Transportation is essential to daily movements in the city. Quantities of urban-sensed
data have been used to resolve problems in urban transportation and to build intelli-
gent transportation systems (ITS; Wang et al. 2016). The social media platforms,
mobile phones, and surveillance videos make it possible to generate rich social
signals in a real-timemanner and establish a data foundation for social transportation
research (Zheng et al. 2016). UGC-based ITS can make use of various crowdsourced
social signals to understand the social needs of transportation and combine needs
and services to improve efficiency and effectiveness and make traffic conditions and
citizen travel more convenient (Wang et al. 2016; Tu et al. 2019).

UGCcan be used in a range of applications in urban transportation, for example, in
mapping road networks, monitoring real-time traffic, or recommending travel routes.
In termsof trafficmonitoring, informationobtained fromsocialmedia platforms, such
as Twitter, YouTube, and Flickr, encourages people to participate effectively in traffic
tasks, such as identifying road hazards, and greatly cuts down on the related financial
burden of government (Santani et al. 2015). In traffic management, social media data
support shortest path computing, travel recommendation, etc., and can be improved
by exploiting the content hidden in UGC (Wang et al. 2016). With respect to future
green transportation, UGC that connects vehicles, people, and urban infrastructures
can help to advance the efficiency of entire transportation systems and to promote
reductions in fuel consumption and carbon emission (Wang et al. 2016).

29.3.4 Urban Environments and Health

Theurban environment has a close relationship to the quality of human life and health,
both of which should be emphasized in urban governance. The knowledge mined
from social media data, mobile phones, and other UGC can provide opportunities to
quantify aspects of the urban environment, such as urban green space (Li et al. 2015),
air quality (Jiang et al. 2015), soundscapes (Aiello et al. 2016), and heat distribution
(Overeem et al. 2013). Thus, fine-resolution maps of these environmental factors can
help urban planners to improve residents’ quality of life, surroundings, and health.
For example, utilizing the green index of street view images, Li et al. (2015) assess
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street-level urban greenery and provide suggestions for urban planners to reasonably
improve the distribution of urban green spaces. Jiang et al. (2015) analyzed the
spatiotemporal tendency in social media data using Sina Weibo (Chinese Twitter) in
an effort to monitor air quality dynamically in large cities. Also, maps can be drawn
by establishing a relationship between human perceptions and soundscapes extracted
from social media (Aiello et al. 2016). In addition, smartphone battery temperatures
can be used to estimate urban daily mean air temperatures by utilizing a heat transfer
model in real time (Overeem et al. 2013).

29.3.5 Urban Safety

Citizens residing in urban areas may face fires, storms, heavy rainfall, traffic jams,
and other hazards, which affect urban safety and human life. Therefore, it is impor-
tant to detect urban emergency events in real time (Xu et al. 2016). Lots of messages
from UGC, such as social media, volunteered photos, and videos, contain informa-
tion about urban events and are important data sources to derive emergency events,
capture their physical and social features, and help urbanmanagement departments to
react quickly (Schnebele et al. 2015; Xu et al. 2016). Thus, event detection becomes
a crucial issue in urban emergency management. There have been many studies
focused on urban event detection. For example, some studies proposed adaptive algo-
rithms to detect urban events through geo-tagged data from photo-sharing services
(Papadopoulos et al. 2010). Making use of crowdsourcing to build an emergency
management system is another choice (Oliveira et al. 2017). In addition, in order to
detect emergency events in real time, the 5W (What, Where, When, Who, andWhy)
characteristics are proposed to depict the spatial and temporal information of social
media and thus to achieve detection goals (Xu et al. 2016).

29.4 Challenges and Future Directions

Recent UGC research has made great advances in the domain of urban studies. Many
innovative urban applications have stimulated thinking about better urban living.
Because of the complexity of cities (Batty 2007), this research presents various
challenges to information-centric cities.

29.4.1 Data Quality and Privacy

Recently, with the growing interest in artificial intelligence, it has become possible
to produce UGC not only by people but also by machines. Several studies have
reported that fake messages are posted on Twitter (Fourney et al. 2017). Many
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machine accounts have been created to disseminate special texts and photos with
the objective of influencing specific groups of people. Consequently, UGC may be
biased. When conducting UGC-driven urban studies, attention should be paid to the
data quality issue to strengthen the reliability of the findings (Tu et al. 2018b; Jiang
et al. 2019).

The privacy of UGC is another important issue. Scientific ethics should be high-
lighted for UGC research. Recently, a new General Data Protection Regulation
(GDPR) was adopted in Europe and is likely to fundamentally reshape the way
in which data are handled across every sector. The general public, Internet giants,
and scientific communities should find an appropriate consensus on the collection,
processing, and study of UGC.

29.4.2 Multi-source UGC Fusion

When thousands and even millions of users contribute to UGC, the results are often
highly fragmented. For example, becausemost geo-tagged photos are shared by users
with smartphones, the perceptions and preferences of people without smartphones
cannot be captured. Tweets posted in tourist destinations and at landmarks tend to
emphasize certain topics and opinions, resulting in bias with respect to the general
population (Longley and Adnan 2016). Thus, careful selection of data sources is
crucial if the reconstructed urban knowledge is to be complete and accurate. The
results from a single source of UGC may be biased and contain only a part of urban
knowledge. The misuse of UGC may consequently generate biased understanding.
Fusion of multiple sources may be required to deepen our understanding of objects,
people, and places in the city (Li et al. 2017). By integrating traditional urban data and
alternative UGC, more and more comprehensive and wide-coverage urban solutions
would be supported (Estima and Painho 2016).

29.4.3 Integrating Urban Sensing and Urban Governance

UGCcan provide alternative data sources to sense the invisible city under the physical
surface, for example, regarding urban deprivation (Venerandi et al. 2015), human
mobility (Yang, Qu, Yang et al. 2019; Xu et al. 2019), urban areas of interest (Chen
et al. 2018), urban vibrancy (Huang et al. 2019), and urban functions (Tu et al. 2017,
2018a; Zhong et al. 2018). UGC enables us to assess new dimensions of the city
and to deepen our understanding of complex cities. However, these novel urban-
sensing studies have not been well integrated with urban governance. How to take
the sensed urban information into the workflow of urban governance is still an open
question. UGC-driven urban policy-making will be necessary if we are to explore a
new framework linking UGC to urban operation.
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29.5 Conclusion

The prevalence of UGC provides an alternative data source for urban studies because
of its characteristics of low cost, high penetration, and wide coverage. Massive UGC
can not only sense invisible urban spaces but also provide fertile soil for breeding
innovative applications. This chapter has summarized the four representative types
of UGC: geo-tagged photos, social-media data, crowdsourced GPS trajectories, and
videos. The general framework of UGC-driven urban studies has been presented, and
smart UGC-driven applications in the city have been reviewed. The challenges and
opportunities of UGC in urban studies have also been discussed, in order to provide
insights for future urban informatics approaches. This will lead to the emergence of
alternative urban informatics approaches that better capture the intricate nature of
urban spaces and their dynamics.
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