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Abstract

Spatial Data Infrastructures (SDIs) are a special category of data hubs that
involve technological and human resources and follow well defined legal and
technical procedures to collect, store, manage and distribute spatial data.
INSPIRE is the EU’s authoritative SDI in which each Member State provides
access to their spatial data across a wide spectrum of data themes to support
policy-making. In contrast, Volunteered Geographic Information (VGI) is one
type of user-generated geographic information (GI) where volunteers use the
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web and mobile devices to create, assemble and disseminate spatial informa-
tion. There are similarities and differences between SDIs and VGI, as well as
advantages and disadvantages to both. Thus, the integration of these two data
sources will enhance what is offered to end users to facilitate decision-making.
This idea of integration is in its early stages, because several key issues need
to be considered and resolved first. Therefore, this chapter discusses the chal-
lenges of integrating VGI with INSPIRE and outlines a generic framework for a
global integrated GIS platform, similar in concept to Digital Earth and Virtual
Geographic Environments (VGEs), as a realistic scenario for advancements in
the short term.

Keywords

SDIs, INSPIRE, VGI, Global Integrated GIS platform

1 Introduction

Data hubs have arisen through the evolution of information technology, and
aim to provide a centralised, unified data source that can be easily accessed
by certain groups of users, or more widely by the public, to support a diver-
sity of professional and/or other needs (Mangano, 2013). A special category
of data hub is that of Spatial Data Infrastructures (SDIs; Williamson et al.,
2003), which emerged during the mid-1990s (Delaney and Pettit, 2014). SDIs
involve technological and human resources that follow well defined legal and
technical procedures to collect, store, manage and distribute spatial data. On
14 March 2007, the European Parliament and Council adopted a Directive
establishing the Infrastructure for Spatial Information in the European Com-
munity (INSPIRE) European SDI (European Commission, 2007). Following
the INSPIRE Directive, Public Authorities (PAs) in each Member State should
provide access to their SDI across a wide spectrum of data themes through
a community geoportal, aiming thus to support policy-making and activities
aimed at, but not limited to, the protection of the environment.

Whilst INSPIRE tries to unite and standardise existing Authoritative Geo-
graphic Information (AGI) made available by PAs in EU Member States,
technologies that enable User-Generated Content (UGC) have also appeared
(Moens et al.,, 2014) in web-based platforms (e.g. blogs, wikis, discussion
forums, posts, chats, tweets), mobile computing and GPS devices. Hence,
users have started to create and share data and information. Volunteered
Geographic Information (VGI) is one type of user generated GI (Goodchild,
2007), where volunteers use the web and mobile devices to create, assemble
and disseminate spatial information. Among the most well known VGI plat-
forms are OpenStreetMap (OSM; Demetriou, 2016) and Wikimapia, but there
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are many others, covering a range of fields such as conservation, planning, and
crisis management. Thus, there is a potential for VGI to become an impor-
tant source of information that could benefit INSPIRE and similar projects
and efforts; on the other hand, VGI could also benefit from INSPIRE through
integration with official and reliable data and the need to adopt more strict
specifications.

Although INSPIRE' is a well organised, official and reliable platform that is
based on strict standards, it provides data that are mainly used by experts and
involves static information (with a limited level of detail in some cases) that
is not updated very regularly because of the high costs involved. VGI, on the
other hand, is captured unoflicially by volunteers, often using cheap devices,
e.g. a handheld GPS or smartphones; hence the data quality is usually limited
and the data collection is not based on strict standards. However, real-time data
can be collected anywhere by anybody, opening up concrete possibilities for
data to be updated very regularly at little or no cost. Therefore, the integration
of both types of data (Craglia, 2007; Budhathoki et al., 2008; Craglia et al., 2008;
McDougall, 2009; Parker et al., 2012; Massa and Campagna, 2016) could poten-
tially enhance what is delivered to end users, supporting the full spectrum of
related needs, both professional, e.g. planning and spatial decision-making,
and of the daily activities of citizens.

The idea of integration of VGI and authoritative data has arisen recently and
been emphasised by several researchers (Budhathoki et al., 2008; Craglia et al.,
2008; McDougall, 2009; Parker et al., 2012). In addition, the benefits of inte-
gration refer to both the organisations involved, i.e. National Mapping Agen-
cies (NMAs; Olteanu-Raimond et al., 2017) that operate national INSPIRE
geoportals, and those who run VGI initiatives, as well the end users. Although
some efforts towards this integration have already been made (Craglia, 2007;
Wiemann and Bernard, 2014), the literature suggests that this endeavour is in
its early stages because several critical issues need to be considered and resolved.
As a result, the available literature is limited and focuses on specific projects or
technical issues (Botshelo, 2009) without attempting to investigate the broader
picture of integration or setting out a conceptual framework. Further to this inte-
gration, the vision is the development of a global integrated GIS platform, which
extends the capabilities of a typical data hub and the benefits of integration of
SDIs with VGI by embedding on-line geospatial tools, to deliver both static and
dynamic outputs to support planning and decision-making. Such visionary and/
or applied advanced geospatial tools and frameworks moving in this direction
are the GeoWeb (Dangermond, 2005), Digital Earth (Craglia et al., 2008) and
Virtual Geographic Environments (VGEs; Lin et al., 2013).

Based on the above, this chapter aims to discuss the challenges of integrating
VGI with INSPIRE, and to outline a generic framework for a global integrated
GIS platform, similar in concept to Digital Earth and VGEs, as a realistic sce-
nario for advancements in the future. The remainder of this chapter is organ-
ised as follows: Section 2 provides an overview of SDIs and VGI, contrasting



276 Mapping and the Citizen Sensor

these two sources of data. This is followed by a discussion about critical issues
that arise in INSPIRE and VGI integration (Section 3). In Section 4, the pros-
pects of integration are examined, with some examples. Section 5 then presents
an outline of a conceptual framework for an ideal global integrated GIS plat-
form, while conclusions are summarised in Section 6.

2 Spatial Data Infrastructures (SDIs) and Volunteered
Geographic Information (VGI)

Before discussing the various issues of integration between SDIs and VGI, an
overview of each infrastructure and a comparison are presented, providing the
necessary background.

2.1 Spatial Data Infrastructures (SDIs)

Data hubs are defined as community-run catalogues of useful, online datasets,
which store a copy of the data or host them in a database and provide some
basic visualisation tools (Open Knowledge Foundation, 2013). A typical data
hub consists of four basic elements, as shown in Figure 1: Data, a Facilitator,
a Custodian and End Users, which together form a dynamic communication
cycle (Delaney and Pettit, 2014).

In particular, the Facilitator should provide a connection between the Cus-
todian, i.e. the data hub’s administrator, and the End Users; negotiate with the
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Fig. 1: Data hub conceptual communication - feedback cycle (adapted from
Delaney and Pettit, 2014).
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Custodian in terms of the needs or problems; and provide feedback to end
users. The role of the Custodian is to provide and distribute data, which will be
used by the End Users. It is to be noted that the terms ‘end users’ and ‘users, as
used in this chapter, have a slightly different meaning: namely, while ‘end users’
utilise the data provided by the hub, they do not necessarily contribute to the
development of the hub voluntarily, i.e. by delivering new data, updating exist-
ing data or sharing data — tasks that are carried out by ‘users. Obviously, ‘users’
can also be ‘end users’; that is, they can have a double role.

Access to data hubs can be free and/or licensed. A data hub allows users to
access, search and use a variety of data with associated metadata provided as a
discrete set of formats. The data hub concept has been realised in many loca-
tions and contexts globally. Many scientific fields have collaborated to create
research-specific data hubs to store and discover data and to distribute them to
other researchers (Delaney and Pettit, 2014).

SDIs are a special category of data hubs (Williamson et al., 2003) that involve
a framework of interacting elements, aiming to acquire, store, preserve, pro-
cess, distribute, use and maintain data with ‘a direct or indirect reference to a
specific location or geographical area’ (European Commission, 2007). The main
elements of this framework are: spatial datasets and their metadata; networks
services and technologies; standards that define the quality of the data; policies
for distributing and managing the data; human resources; and a mechanism for
coordinating and monitoring the whole infrastructure (European Commission,
2007; Iliffe, 2012). An SDI may be developed by national public bodies to sup-
port all of the spatially relevant activities in a country. Each national, regional
or local SDI, as a node of INSPIRE, recognises the significance of metadata by
ensuring all contributed data align to a minimum standard and aims to deliver
up-to-date data and information to other government agencies and the general
public (Steven, 2005) to support effective decision-making. Several SDIs have
been developed (Craglia, 2007), e.g. the National Spatial Data Infrastructure
(NSDI) in the United States in 1994 and INSPIRE in Europe.

2.2 Volunteered Geographic Information (VGI)

UGC is divided into two main types: non-georeferenced and georeferenced, as
illustrated in Figure 2. The most popular forms of the former type include text
messaging, social media interactions, photos, videos, blog entries, etc. Georef-
erenced UGC involves various forms of location-based technologies, such as
location-based services (LBSs), location-based social networks (LBSNs), social
network location sharing (SNLS), location-based games (LBGs) and location-
based social network games (LBSNGs; Odobasic et al., 2013). In particular, the
LBS industry has profited from UGC primarily because ubiquitous and afford-
able smartphones equipped with multiple sensors foster geographic data col-
lection. Similarly, LBSN leverage the power and high adoption rate of modern
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mobile devices to provide applications and services that allow users to share
and discuss the real-world places they visit, as a part of their virtual interactions
(Furey et al., 2013). In terms of social networks, location sharing has changed
from a purpose-driven to a social-driven activity. Users traditionally shared
their location with one other person (one-to-one) or with a small group (one-
to-few); social networks, depending on the privacy/user settings, enable users
to share their location with a large group (one-to-many) or with everyone (one-
to-all; Tang et al., 2010). LBGs are games in which the game play somehow
evolves and progresses based on a player’s location. Thus, LBGs almost always
support some kind of georeferencing technology, for example by using, WiFi,
Near Field Communication, Bluetooth and satellite positioning such as GPS.
The blend of LBGs and LBSNs creates LBSNGs, which are exemplified by a
service like Foursquare.

Among the most popular geo-UGC-based technologies is VGI (Goodchild,
2007), or crowdsourced GI, which has arisen since 2007. VGI involves harness-
ing tools to create, assemble and disseminate geographic data provided volun-
tarily by individuals, and it can be generated through geobrowsers or smart-
phone apps, making use of georeferencing or geocoding tools and techniques.
Two widely popular VGI platforms are OSM (Haklay, 2010) and Wikimapia
(Wikimapia, 2015), but there are many others, covering many kinds of fields,
such as conservation, planning, and crisis management. A special class of
VGI is Social Media Geographic Information (SMGI), which can generally be
divided into active and passive type (Figure 2). The former type is produced for
a given scope, e.g. citizen science, crowd mapping or public participation, and
users (i.e. volunteer contributors) are fully aware of this, such as in the case of
OSM or Wikimapia. In contrast, the latter is produced for other purposes (i.e.
users share passively or share unvolunteered information for undefined pur-
poses, such as in the case of social network interaction) and may be accessed
independently at a later stage for reuse by third parties for a variety of disparate
aims.

2.3 A Comparison of SDIs and VGI

There are similarities and differences between SDIs and VGI (Castelein et al.,
2010) regarding data, as well as advantages and disadvantages, and these are
outlined in Figure 3. In particular, data provided by SDIs are captured by well
trained specialists who are employed by formal public or private organisations,
and through well defined workflows, using state-of-the-art technology (Caste-
lein et al., 2010); hence the SDI approach is an official, top-down approach
involving high costs. On the other hand, VGI is captured unofficially by volun-
teer-citizens (classified by Coleman et al. (2009) into five categories), through
smart phones/devices that provide GPS and Internet access or using other sim-
ple aids to take measurements; it is a bottom-up process with limited or no
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operational costs. Whilst the former data are generally free of charge or can be
licensed through a fee, the latter are always provided for free. Moreover, SDIs
have a data-centric scope as they mainly provide data used by experts through
GIS portals, while VGI delivers information to a broader audience of mainly
non-experts through user-friendly GI platforms.

In addition, SDIs involve static information provided periodically and in
some cases with a limited level of detail, while VGI has both static and dynamic
(real-time) information, since it can process real-time, spatiotemporal infor-
mation, and can provide a much greater level of detail in some cases. This sug-
gests that VGI could be a potentially complementary source to SDI in provid-
ing relevant real-time data related to physical catastrophes, crisis management
situations or humanitarian missions. Furthermore, SDI provides certified data
based on strict and professional international standards and specifications
such as that provided by the Open Geospatial Consortium (OGC) and Interna-
tional Standardisation Organisation (ISO), while VGI is based on essential data
standards that vary from platform to platform; most importantly, the quality of
their data is unknown.

The above comparison also reveals two weaknesses of SDIs: the lack of capac-
ity for real-time data to be collected anywhere by anybody and the lack of the
flexibility of very regular data updates at low or no cost. Thus, a combination of
both technologies will enhance what is offered to end users to facilitate decision-
making, and the idea of integration has been discussed by several researchers
(Budhathoki et al., 2008; Craglia et al., 2008; McDougall, 2009; Parker et al.,
2012). However, this challenge will not be an easy one, because the institutional
framework of the integration will be complex due to the different requirements
and scope underlying each technology.

Spatial Data
Infrastructures Volunteered G|
by public authorities by the public
Top-down Bottom-up
Based on specifications Multi-format data/unknown standards
Certified data Unknown data quality
Workflows Real time
Licensing Privacy
Cost/benefits

No operational costs or limited cost

Fig. 3: The differences between SDIs and VGL



Integrating Spatial Data Infrastructures (SDIs) with Volunteered Geographic Information 28|

3 Integrating VGI to INSPIRE

The dominant European SDI is INSPIRE, and its integration with VGI is a dif-
ficult task because of several critical issues regarding the common implement-
ing rules, which are discussed below. An overview of INSPIRE is first provided.

3.1 The INSPIRE Directive

INSPIRE, which has been defined by EU Directive 2007/2/EC (European Com-
mission, 2007) and was adopted in 2007, establishes the requirement that each
Member State should provide access to their SDI through a community geo-
portal operated by the European Commission or any other access point they
wish to operate. The INSPIRE implementation provides a large-scale applica-
tion of the open geoportal environment and is a big step forward in the devel-
opment of an SDI in Europe. INSPIRE will overcome existing weaknesses and
gaps in the interoperability of information resources across Europe by integrat-
ing them into a common framework (Craglia, 2007). The aim of INSPIRE is
to assist policy-making and activities related to the environment and beyond;
hence it involves data regarding a broad spectrum of fields, which are reflected
in 34 spatial-data themes. The INSPIRE implementation represents a signifi-
cant investment from all Member States, and has resulted in close to 300,000
spatial datasets being made available to the community through a standardised
data-discovery site. The main INSPIRE portal allows users to search for data-
sets from across the EU from a single interface, and allows advanced search
filters to be used to narrow down searches by geography, format or spatial
theme. The INSPIRE portal only displays metadata for each dataset; it does not
allow users to directly access any of the datasets, either manually or program-
matically. However, each metadata resource contains a link to the data source,
which may be a file, service or web application.

It should be noted that INSPIRE involves some general rules: it is based on
existing SDI of Member States, and hence does not require the collection of
new data, but demands the transformation of existing data to comply with its
specification structure; and it does not affect intellectual property rights. In
particular, the Directive also requires that common implementing rules be
adopted in four main specific areas: metadata, data specifications, network
services, and data and service sharing. These areas face critical integration
issues, as discussed below.

3.2 Critical Issues for Integration

Following the INSPIRE Directive, Member States should provide metadata
for spatial datasets/data series and/or for spatial data services. The metadata
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consist of 27 elements of information regarding the data resources, elements
of information which are grouped into 10 categories: identification; classifica-
tion; keywords; geographic location; temporal reference; quality and validity;
conformity with the interoperability implementing rules; constraints related
to access and use; organisation responsible for the resource; and metadata for
metadata (European Commission, 2007). Clearly, populating all of these ele-
ments of metadata for VGI data will have a consequential time and cost. Fur-
thermore, these elements cannot be gathered comprehensively by volunteers
given current VGI practices. An issue is therefore who will be responsible for
inputting all of these metadata and validating their reliability. Therefore, VGI
metadata can be limited to only the basic information among the 27 elements
provided by INSPIRE that can be input by the contributor, by the VGI system
administrator or automatically by the system.

Similarly to metadata, the employment of common data specifications is
a vital aspect of integration. Specifically, in order to ensure the interoperabil-
ity of spatial information in INSPIRE, common international standards (those
defined by ISO), technical specifications (e.g. regarding data types, code lists
and enumerations, encoding, updating, the life cycle of spatial objects, refer-
ence temporal systems, and metadata) and minimum performance criteria for
download services and transformation services have been defined (for each of
the 34 related themes mentioned earlier). The issue of how to accommodate the
diversified, dynamic and easy-to-access VGI data types to SDI is not a serious
problem in technical terms; the problem is to define and apply minimum data
requirements for VGI that are reasonable and achievable in order to satisfy data
quality requirements (Wiemann and Bernard, 2014). Aspects of data quality
such as positional accuracy, classification correctness and accuracy of the time
measurement may follow the ISO 19157 standard (ISO, 2013; see Chapter 7 by
Fonte et al. (2017) for more information on quality); a legally binding aspect is
that of the topological consistency of the network data. VGI data quality and
credibility vary from contributor to contributor (Flanagin and Metzger, 2008;
Goodchild and Li, 2012; Foody et al., 2013); thus it is only up to a data provider
whether they will respect data quality recommendations and whether they will
report on recommendations in the metadata. Although some case studies on
popular VGI platforms such as OSM have shown good and acceptable out-
comes (Haklay, 2010), NMAs should evaluate the risks and problems that arise
from the adoption of this new production system (Coleman et al., 2009; Bégin,
2012). Users should always be aware of how can they assess the credibility of
data (Flanagin and Metzger, 2008) and contributors should be aware of the
quality of the data used (Dassonville et al., 2003) and of whether they are fit for
purpose. It is essential to develop tools that enable this evaluation. In addition,
data quality can be improved by providing training on the needs of SDIs and
on their protocols, and incentives can be awarded to contributors providing
good work (see Chapter 5 by Fritz et al. (2017) for a discussion of incentives
for volunteers).
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The interoperability of network services is also crucial for the joint opera-
tion of the systems. In particular, INSPIRE network services utilise one stand-
ard communication-protocol and binding technology for all service types to
avoid mixing technologies: the Simple Object Access Protocol (SOAP), which
ensures streamlined integration and implementation, as well as getting a maxi-
mum benefit from the offered services. SOAP is a protocol specification for
exchanging structured information in the implementation of web services in
computer networks. It uses the XML Information Set for its message format,
and relies on other application layer protocols, most notably Hypertext Trans-
fer Protocol (HTTP) or Simple Mail Transfer Protocol (SMTP), for message
negotiation and transmission. In contrast to INSPIRE, it is reasonable that
the various VGI platforms should use different communication-protocols and
binding technologies through the platform owner’s Application Programming
Interfaces (APIs). However, VGI may reuse the two types of services provided
by INSPIRE, i.e. viewing and downloading. The former operation is typically
based on OGC Web Map Services (WMSs) or OGC Web Map Tile Services
(WMTSs), which are easy to integrate into a VGI application from the tech-
nical as well as the legal point of view; the VGI application acts like a client
application to a server, publishing data under the INSPIRE Directive. Most of
the INSPIRE view services are provided free of charge, but there may be condi-
tions that prevent their reuse for commercial purposes (European Commis-
sion, 2007). The latter type of service, download, is based on OGC Web Fea-
ture Services (WESs), OGC Web Coverage Services (WCSs) and OGC Sensor
Observation Services (SOSs), among others, which are also easy to integrate
from a technological point of view. Data published through INSPIRE down-
load services may also have associated fees, but these charges should not exceed
the cost of collection, production, reproduction and dissemination, together
with a reasonable return on investment (European Commission, 2007).

Once the aforementioned technical issues are resolved, an integrated data
and service sharing policy should be defined. Currently, INSPIRE requires
Member States to provide the institutions and bodies of the community with
access to spatial datasets and data services in accordance with harmonised con-
ditions based on a minimum set of conditions to be respected. Member States
are permitted exceptions to data sharing, and can even completely restrict
access to certain data or can set security measures for obtaining access to these
datasets and data services; for example, public-data access that may threaten
individual privacy or national security can be restricted. While SDI data are
under the full control of each Member State and several data are provided free
of charge, VGI data are generally freely accessible, even though in some cases
access is limited through restrictions. However, inherently, VGI platforms
encourage registration of new users not only in terms of access, but also in
terms of inputting new data and editing existing data. As a result, some critical
security aspects may arise for society. For instance, how can a criminal VGI
contributor be identified if they try to promote illegal activities and fraudulent



284 Mapping and the Citizen Sensor

information? (Legal issues of VGI are discussed in Chapter 6 by Mooney et al.,
2017.) The above discussion indicates that VGI cannot be ruled through a strict
framework such as that applied for INSPIRE, because it involves volunteered
pieces of many GI infrastructures without an authoritative structure and scope.
Therefore, the focus should be on the minimum aspects that will ensure inter-
operability, credibility and security of services and data.

4 The Prospects of Integration
4.1 Integration for Supporting Conventional Spatial Tasks

The combination of INSPIRE and VGI provides great potential for creating
a comprehensive information platform by linking the advantages of author-
itative information, i.e. quality assurance and normative status, with VGI
advantages, i.e. rapid, up-to-date and dynamic information (Wiemann and
Bernard, 2014). As a result, this integration can benefit NMAs, administra-
tors of VGI projects and end users, with consequent socio-economic impacts
(Campagna and Craglia, 2012). In particular, NMAs may have a real oppor-
tunity to use crowdsourced data to update some of their databases when
the update is not done by them regularly due to the high costs involved or
to add new data that are not available to them (Coleman et al., 2009). They
can also use crowdsourced data to detect changes or vernacular place names
(Olteanu-Raimond et al., 2017). On the other hand, INSPIRE can serve
as a basis for validating VGI information (Wiemann and Bernard, 2014).
Furthermore, end users may use this mix of official and spatio-temporal
data for any relevant purpose, i.e. for leisure (to walk in unexplored natural
tracks), for receiving notifications about a fact (e.g. the impacts of an earth-
quake), for travelling (i.e. which travel route to follow) and for professional/
authoritative decision-making (e.g. how to manage a physical catastrophe or
a crisis; Craglia, 2007; Wiemann and Bernard, 2014).

Some efforts towards VGI/SDI integration for the aforementioned purposes
have already occurred (Craglia, 2007), e.g. the Linked Map project, which links
GI from different sources, in particular SDI and VGI, through the paradigm of
Linked Data (Lopez-Pellicer and Barrera, 2014). Linked Data connects related
data through Web technologies. The Linked Map project has converted gov-
ernment datasets provided by the Spanish National Geographic Institute to
Linked Data into Resource Description Framework (RDF) data, so that these
datasets can be linked to VGI sources (OSM, DBpedia, etc.) and can be inte-
grated using RDF links. RDF is a standard model for data interchange on the
Web; RDF links enable Linked Data browsers and crawlers to navigate between
data sources and to discover additional data. Another successful example is
the case of the Ordnance Survey, which has linked an administrative geog-
raphy dataset to other datasets on the Web, demonstrating the advantages of
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explicitly encoding topological relations between geographic entities over tra-
ditional spatial queries (Goodwin et al., 2008).

4.2 Integration with Social Media

Both active and passive Social Media Geographic Information (SMGI) can be
integrated with SDIs in a GIS environment to perform qualitative and quanti-
tative spatial, or more complex, multidimensional, analyses (Jankowski et al.,
2010; Bugs, 2014; Campagna et al., 2015; Longley and Adnan, 2016). In par-
ticular, the integration of INSPIRE and VGI may generate a higher level of
knowledge than INSPIRE alone, especially in those domains where the social
component of data plays a relevant role, such as in politics, geo-marketing,
tourism or spatial planning. The INSPIRE model may be extended through
integration with SMGI, where multimedia data (i.e. texts, images, videos or
audio) and user evaluations of the portrayed objects or phenomena are given
with a time-stamp, enabling various kinds of new analysis, such as the spatial,
temporal and statistical analysis of user interests and preferences; multimedia
analyses; behavioural analyses; or combinations of these analyses, among oth-
ers. Regarding the spatial analysis of user interests, the high number of georef-
erenced posts on social media platforms such as Twitter, Instagram, YouTube,
Panoramio and Flickr can be used to investigate the patterns of user interests
in space using density (Campagna, 2014) and clustering functions (Massa and
Campagna, 2014). Data from such platforms can be accessed through APIs,
georeferenced and saved as spatial data layers. Using SDI services such as WMSs
or WESs, GIS software can easily access the social media platform through the
API, enabling the seamless integration of AGI and geo-UGC, as demonstrated
by Massa and Campagna (2014). The overlay of spatial data layers with topo-
graphic SDIs such as administrative boundaries may offer useful hints to public
authorities in understanding not only which places are important to the com-
munity and how they are perceived (Campagna, 2014), but also the composi-
tion of a community, e.g. local people, commuters, tourists or others.
Similarly, the temporal reference is often an available attribute in SMGI,
which enables the study of when given places or infrastructures and services
are used at different points in time. In addition, spatial statistics of user pref-
erences, i.e. the collecting of posts by location, enables planners to analyse
patterns in user interests at different scales. An example is given in Floris and
Campagna (2014), where hotspot analysis has been used at the regional level
to study tourist preferences by profile, before further analysing single hotspots
with a tool embedded in ArcGIS called the Spatio-Temporal Textual analysis
(Spatext-STTx) suite and with geographically weighted regression to explore,
at the local level, what physical and locational factors may affect those prefer-
ences. Furthermore, multimedia analysis is well developed in the case of text
analytics. However, it is currently more difficult to automatically extract useful
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information from images, video or audio. In the case of text, many software
packages can be used to apply simple (i.e. calculating word frequency, or tag
clouds) to more advanced (e.g. sentiment analysis) text analysis techniques.
These techniques can be easily applied to subsets of SMGI obtained by spa-
tial, temporal or user query. Moreover, user behavioural analysis, i.e. querying
SMGI by a user, enables the study of user behaviour in space and time. This
information can be used to analyse, for example, whether a public space is vis-
ited by local people or by outside visitors. This information may also be useful
for profiling: for the users visiting a certain place or service, user spatiotem-
poral footprints can be defined to identify people who mainly move locally,
regionally or internationally, and where they come from.

An additional application of the Spatext (STTx) suite is that made in a case
study for the cyclone Cleopatra in Sardinia (Italy) to extract all relevant data and
information (e.g. perceptions, opinions and needs from the local communi-
ties) from social media, i.e. Twitter, YouTube, Wikimapia and Instagram. These
data were then integrated with the latest official datasets for further analysis
and relevant action by decision-makers. Another related web application called
‘Place, I care’ was employed to support urban and regional planning processes.
In particular, the aim was to collect information from concerned citizens about
the physical, environmental and socio-cultural space to support collaborative
and participatory planning. Although they have not been verified yet through
a systematic analysis, there have been several case studies on the application of
STTx in the same areas with different SMGI sources, where different types of
users returned similar results, suggesting further research should be devoted to
better understanding the issue of representativeness.

The above novel analytics may result not only in increasing the real-time
monitoring capability of geo-UGC in representing the state of territorial sys-
tems, but also in supporting public participation and dialogue among digitally-
enabled communities, which increasingly represent a substantial share of the
total population in most countries. Other similar examples can be found in
several domains. For example, the US Geological Survey (USGS) uses social
networking to collect real-time, earthquake-related messages and early infor-
mation to accelerate the delivery risk and response. Other related initiatives
aim at (spatial) data collection, e.g. Project Noah? which is a citizen science
web/mobile tool developed to explore and document wildlife around the globe.
Similarly, the ZmapujTo.cz mobile application® was developed in 2012 in the
context of an ecological project to combat illegal dumping grounds in the
Czech Republic and contribute to solving this problem with the involvement
of citizens and relevant authorities. At the time of creation, there was only a
database of old ecological burdens, which covered the illegal dumps only mar-
ginally. In order to cover the largest possible area and utilise the potential of
crowdsourced data, a platform was founded for information-gathering from
citizens. The modern, efficient and widely-accepted platform was chosen for
mapping while the mobile application and interactive web form were used for
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reporting. More than 2 500 illegal dumps were reported, and more than 40
municipalities and towns took part during the lifetime of the first version. In
March 2014, the second version of ZmapujTo.cz was launched. This version
introduced several new features. The most important change was the ability to
report not only illegal dumping, but also a variety of other problems that one
can encounter both in town and in the countryside. The entire website was
redesigned, including an interactive map for efficient, fast and intuitive work.
Further to the aforementioned applications, many other initiatives are aimed at
supporting pluralism and public participation in decision-making, such as in
the case of the SoftGIS approach (Kahila and Kyttd, 2009) adopted in the design
of the Maptionnaire web platform (Kahila-Tani et al., 2016).

While early experiences in SDI/VGI integration and analyses may still be
limited to expert research laboratories or to the fortresses of the social media
corporations, institutional initiatives such as MYGEOSS may trigger further
development in this domain. MYGEOSS is an ongoing project (2015-16) of
the European Commission to develop smart Internet applications based on the
Global Earth Observation System of Systems (GEOSS) to inform European cit-
izens about the changes affecting their local environment. Specifically, within
this project, a number of interactive apps were developed that reuse official spa-
tial data to offer interactive services to the end users. For example, an applica-
tion called ‘Know Your City!, developed by UbikGS, presents social, economic
and environmental indicators on a map-based quiz. Similarly, ‘Loss of the
Night, created by Interactive Scape GmBH & GFZ, is an application enabling
citizen scientists all over the world to collect quantitative information on the
changing nighttime environment, and MYGEOSS Phenology App Response
was produced by the Friedrich-Schiller University to support vegetation phe-
nology analysis using satellite data and data collected by citizens*.

Despite the aforementioned efforts, Lopez-Pellicer and Barrera (2014) note
that the integration of INSPIRE with VGI has not gained the expected atten-
tion yet, and this especially from large producers of GI, because of the techni-
cal disadvantages of the current Linked Data mechanism (Schade et al., 2010).
Similarly, Wiemann and Bernard (2014) state that this integration effort is in its
early stages, because several critical issues, which have been discussed earlier,
need to be considered. Therefore, it seems that there is still a long way ahead
for a full integration and operation of a global GIS platform, which is a concept
set out in the next section.

5 Towards a Global Integrated GIS Platform

During the last few decades, the world has evolved rapidly because of the con-
tinuous increase in the urban population, new needs, modern lifestyles and
technological advancements, creating millions of individual activities with
environmental, economic and social impacts at different levels. As a result, sus-
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tainability at various levels and contexts has been introduced as one of the core
aims of society, sustainability which will be better met if we understand the
complexity of interactions and interrelations between the parameters involved.
This suggests the need for dynamic information systems that provide reliable,
accurate and real-time data to support intelligent planning and management
in order to reach optimum decisions. Visionary and/or applied advanced geo-
spatial tools and frameworks that move in this direction, such as the GeoWeb
(Dangermond, 2005), Digital Earth (Craglia et al., 2008) and VGEs (Lin et al,,
2013), have been proposed.

The GeoWeb is a computer network providing the ability to integrate and
share geospatial information locally or globally via the Internet. Through the
GeoWeb, the ideal system would be a wide network of distributed GIS ser-
vices constructed and implemented by various inter-organisational collabora-
tive agreements so that individual systems and communities might use each
other’s services, splitting the world into geographic components and allowing
the dynamic integration of knowledge. The communities involved may range
from simple users to governments, business enterprises and professionals
focusing on improving their decision-making. Gradually, these communities
may expand, interoperate more and become increasingly synergistic; hence
the system might be driven by the thousands to millions of participants cur-
rently using websites such as Google Earth and OSM. Eventually, these services
could provide a global network of open-access geographic knowledge about
the planet and online applications (open access and licence-based) for pro-
cessing this information to produce the outputs for decision-making. These
functionalities may support a whole range of applications and purposes, sup-
porting regional, national and even global applications, solving issues rang-
ing from routine, static and structured problems to problems that are complex
and unstructured (including those demanding real-time responses) and that
depend on cross-organisation and cross-discipline collaboration. Both GIS
professionals and citizens sensors have a role in this system. The former have
the skills, knowledge and experience of authoritative system development and
operation, while the latter represent the “VGI-soldiers’ across space and time
who voluntarily collect and share valuable static or real-time information not
available to SDIs (Dangermond, 2015).

Similarly, the vision of Digital Earth as defined by Craglia et al. (2008), which
refers to a virtual globe system, would provide access to vast amounts of spati-
otemporal multi-geoinformation for various levels of users - including model-
ling tools to facilitate decision-making. Digital Earth has eight key character-
istics: it has multiple connected globes/infrastructures addressing the needs of
different audiences; it is problem-oriented, i.e. focused on various key appli-
cation themes such as the environment, health and societal issues; it enables
space-temporal search in real-time from both sensors and humans; it allows
spatial-based queries and advanced spatial analysis; it provides access to mod-
els as well as to ‘what if” scenarios and forecasts; it supports the visualisation of
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abstract concepts and data types regarding global social issues, e.g. low income
and poor health; it is based on open access and public participation across mul-
tiple technological platforms and media; and it is engaging, to enhance interac-
tive and exploratory learning for multidisciplinary education and science. Five
use cases that would comprise the vision of Digital Earth involving a unique
platform have been provided by Goodchild (2012). These use cases involve
Digitial Earth as a geoportal, a visualisation service, a platform for simulation
and prediction, a source of unprecedented spatial and temporal resolution, and
a technology fully integrated into human activities.

In a similar vein, VGEs involve a new generation of Web-based virtual geo-
graphic analysis platforms to facilitate the advanced exploration of physical,
environmental, socio-economic and other phenomena to solve related prob-
lems at a deeper level by combining state-of-the-art geotechnology and knowl-
edge. Such a VGE system would consist of four basic components: (i) the data
component for the integration, organisation and management of geographic
information; (ii) the modelling and simulation component for the dynamic
analysis of geographic phenomena by providing experts from various disci-
plines with an open access platform to develop and disseminate distributed
advanced models in an easy and collaborative ways; (iii) the interactive compo-
nent between the system and users that includes external and internal data col-
lection tools; and (iv) the collaborative component that enables group decision-
making for significant societal problems through public participation in the
processes carried out by experts.

Although the concept of Digital Earth, the existing technology of the
GeoWeb and the use cases for VGEs have a common aim and functions, i.e. to
provide advanced geodata hubs and sophisticated spatial analysis tools on the
Web, they have some differences in terms of their focus. In particular, Digital
Earth and VGEs involve extended capabilities beyond sharing knowledge and
geoinformation such as the GeoWebs, by providing advanced virtual reality,
processing, simulation and analysis models for solving a wide range of complex
spatial problems. In addition, VGEs involve more problem-oriented geotech-
nology tools that inherently have some of the features of planning and decision
support systems, while the Digital Earth concept aims to provide more abstract
tools for investigating the spatial interactions of certain domains.

Based on the aforementioned visions, we try to shift from a conceptual con-
text for creating a new-generation geographic tool, to a more practical and tan-
gible framework for developing a global integrated GIS platform, as illustrated
in Figure 4. This framework extends the capabilities of a typical data hub and
the benefits of integration of SDIs with VGI. In particular, the system consists
of three main components: integrated data infrastructures, integrated online
applications and a system for providing outputs (both static and dynamic) that
could lead to decision-making and actions. As an alternative to providing wide
access to a single source of data, the Integrated Data Infrastructures component
can provide distributed data mashups by integrating vast stores of information
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(from many sources in the public and private sector as well as from citizens)
and of many different types of data, along with geospatial services that can
interact and be used to create new information. The data sources can be SDIs
such as INSPIRE or NSDI in the United States, VGI platforms created through
various projects (e.g. OSM and Wikipedia), social media (e.g. Facebook or
Twitter) and other media such as emails, mobile phones, Instant messenger,
etc. Existing services can be combined to make new services, and Geocom-
munities, which are currently fragmented, may be consolidated in a loosely
coupled environment and create new synergies (Esri, 2006).

The integration of online applications could provide functionalities from
simple publishing and mapping/visualisation to advanced GeoComputation
modelling (Abrahart and See, 2014). In particular, the current Web-GIS ser-
vices can be extended to provide not only easy map publishing and viewing
through VREs, but also basic GIS functions, such as querying, buffering, over-
lays, etc., through Open Access (or licence-based) online GIS software. In addi-
tion, focused GIS applications, in the form of different thematic modules (i.e.
for planning, transport, the environment, etc.) embedded in the online GIS,
may be offered through distributed geo-services based on Web, GIS server-
technology and service-oriented architecture (SOA) that is open, interoperable,
and dynamic, based on common data and service standards and specifications.
Using the SOA model with GIS services, users can integrate their desktop and
departmental solutions into implementations that connect many departments
and organisations (Dangermond, 2008). The Web Services architecture allows
users to both federate their distributed systems and integrate GIS and spatial
processing with other IT business systems, such as Enterprise resource plan-
ning (ERP), Customer relationship management (CRM) and Supervisory con-
trol and data acquisition (SCADA). While this has been possible for some time,
the advent of SOA and simple technologies to integrate these services has made
it much easier and promises to greatly expand the GIS market. Ideally, in this
context, easy-to-build ad-hoc advanced spatial models for GeoComputation
that employ artificial intelligence techniques, for example, for solving compli-
cated problems might be the biggest achievement of this system.

The results of the system could take the form of Dynamic Outputs. Outputs,
which result from the processing of static or real-time information, can have
any form, i.e. they can take the form of maps, reports and messages, and mass
notification alerts. In particular, maps and reports in text or tabular form are
the custom outputs of a GIS and can be used by users for decision-making and
appropriate actions. Messages, e.g. through phone calls, emails, SMS, Viber etc.,
refer to real-time reporting to administrations and organisations. Similarly,
mass notification alerts refer to broad notifications, or alerts, sent to people
in a specific geographic region in emergency or crisis management situations.
The tremendous high-speed evolution of the Web and Geospatial technologies
suggests that this ‘super’ global Geo-system is not far away.
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6 Conclusions

The integration of SDIs, and in particular INSPIRE, with VGI may potentially
provide considerable benefits for all stakeholders involved, i.e. public and pri-
vate organisations, professionals and citizens, because each technology may
complement the other. In particular, benefits may include benefits for specific
professional groups dealing with spatial problems; for planning and decision-
making; and for the wider community, which may enable the dissemination and
uptake of real-time updated information regarding daily activities (e.g. traffic
incidents) or emergency situations, physical catastrophes or unknown threats.
Although some early efforts towards this integration have been made, this pro-
ject is not an easy task, since several technical and institutional issues need to
be resolved, as discussed earlier. Ideally, the integration could be extended to
creating a global integrated GIS platform, whose general framework has been
presented and involves similar visions and concepts to Digital Earth and VGEs.
The next steps should be focused on the establishment of a wider network of
involved stakeholders, i.e. academia, industry, public authorities, citizens and
NGOs, in the context of a well defined project (e.g. through a COST Action) to
set up a robust framework that covers all of the aspects of the project, from the
initial concept to its implementation, in order to achieve successful examples of
integration and, ideally, an integrated GIS platform.
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