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Abstract: Geographic information has been traditionally produced by mapping agencies and
corporations, using highly skilled professionals as well as expensive precision equipment and
procedures, in a very costly approach. The production of land use and land cover databases is
just one example of such traditional approaches. At the same time, the amount of Geographic
Information created and shared by citizens through the web has been increasing exponentially during
the last decade as a result of the emergence and popularization of technologies such as the Web 2.0,
cloud computing, global positioning systems (GPS), smart phones, among others. This vast amount
of free geographic data might have valuable information to extract. Combining data from several
initiatives might further increase the value of such data. We propose a conceptual model to integrate
data from suitable user generated spatial content initiatives. A prototype to demonstrate the ability
of the model to perform such integration, based on two identified use cases, was also developed.

Keywords: land use/land cover; geographic information systems; user generated spatial content;
spatial data integration; VGI; volunteered geographic information

1. Introduction

Official Geographic Information (GI) has been produced by mapping agencies and corporations
and sold to users as paper maps or atlases [1], following a very expensive approach that requires
expert people as well as expensive equipment and precise procedures. Consequently, priority has been
given to the most important and unchanging geographic themes and those with multiple applications,
thereby relegating the others to a secondary role [2].

Recently, we have witnessed the emergence of a new phenomenon in which citizens have been
creating and sharing GI through the web. The development and popularization of technologies such
as the Web 2.0, cloud computing, global positioning systems (GPS), smart phones, among others,
has transformed, and continues to transform, the way that geographic data are produced, stored,
and used [3]. Research has already been conducted exploring the enormous potential that this type
of data seems to be hiding and find possibilities of applying it to real world problems, such as Land
Use/Cover mapping [4,5], disaster response [1,6,7], representation of natural features [8], exploration of
vernacular language [9], or the enhancement of cultural heritage [10].

On this matter, Land Use/Cover (LULC) databases represent one of the interesting areas in which
these data sources could be very helpful. Their production is very costly and time consuming, as it is
mainly based on interpretation and classification of remote sensing data made by highly trained and
skilled people [11]. Moreover, the process includes a validation phase that is extremely important to
provide quality indicators to the final product. This validation is done by confronting the produced
database with reference data assumed to be true, which includes, among other sources, “ground truth”
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collected directly from the field in pre-selected sites [12]. GI shared by citizens through the web can be
used to help the production process, for instance, by decreasing the need to collect data in the field.
Various authors have already explored for this purpose diverse sources of GI produced by citizens and
proposed methods to overcome some of the particularities of this type of data ([4,13–25]), with most
of them reflecting the possible benefits from the integration of data from various sources such as,
for instance, the increase of spatial and temporal resolutions.

This study develops a data model able to integrate diverse sources of GI produced by citizens
to help in the production of LULC databases. As different initiatives have different goals, interests,
and audiences, and different types of data are produced, stored with different structures, and made
available by different types of access, such an integration represents additional challenges to retrieve,
analyze, extract, and visualize useful information from various sources. This requires the development
of integration models to overcome their dissimilarities.

This paper is organized as follows. First we look at the different initiatives of GI produced by
citizens, establish a list of minimum requirements for an initiative to be included in the integration
model, and select the initiatives that meet these requirements. Then we discuss the most important
dissimilarities among the sources selected and propose a conceptual integration model. Finally,
we assess the model through a set of pre-defined use cases and make some final remarks.

2. User Generated Spatial Content

In 2007, Goodchild coined the term Volunteered Geographic Information (VGI) to describe
“the widespread engagement of large numbers of private citizens, often with little in the way of
formal qualifications, in the creation of geographic information, a function that for centuries has been
reserved to official agencies” [26]. One year before, in 2006, Neogeography was introduced by Turner
as a term to describe the phenomenon of “people using and creating their own maps, on their own
terms and by combining elements of an existing toolset, sharing location information with friends
and visitors, helping shape context, and conveying understanding through knowledge of place” [27].
Crowdsourcing geospatial data is another term used to describe the phenomenon of large unorganized
groups of users generating content (spatial in this case) that is shared [28].

Despite some differences between these terminologies [29], they are all related to a type of
User Generated Content (UGC) that deals directly or indirectly with spatial content and refers to
volunteers and large groups of people, sometimes acting like a crowd, often without expertise or
formal qualifications, contributing with spatial data to the “community”.

More recently, Stefanidis et al. [30] came up with what they defined as a “deviation from
Goodchild’s notion of volunteered geography” (p. 319). They argue that the information disseminated
through some social media initiatives is not geographic information per se (i.e., geography is not their
main purpose, unlike other initiatives such as OpenStreetMap), although they provide a geographic
context since they have associated information about location. They called it Ambient Geospatial
Information (AGI). Fischer [31] argued that in some cases, when VGI is used for purposes other
than those for which volunteers have contributed, it can be seen as a not-so-Volunteered Geographic
Information, and termed this as involuntary geographic information (iVGI).

We adopt the wider term User Generated spatial Content (UGsC) to unite all these diverse
definitions [32]. This term is a particular case of UGC that deals with spatial content, and is intended
to encompass all the initiatives containing data with spatial characteristics provided by citizens with
or without the purpose of contributing data for spatial purposes, such as VGI, iVGI, neogeography,
crowdsourcing geospatial data, and AGI.
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3. User Generated Spatial Content—Integrator Model

Different types of data, stored with different structures and made available by different types
of access, represent additional challenges in dealing with data from various sources. This requires
the development of integration models to overcome the dissimilarities and extract useful information.
For this it is important to define the minimum requirements that an UGsC data source must have in
order to be included in the model, identify those initiatives that follow these minimum requirements,
look at their similarities/dissimilarities, and finally develop the integration model.

3.1. Minimum Requirements and Relevant Initiatives

Following the inventory made by Elwood et al. [29], 99 initiatives were identified in 2009 and
the most recent version of the list, available online, counts 100 initiatives, but no update date is
mentioned [33]. Each initiative was checked for availability, resulting in 61% of initiatives still active
without changes, 3% having changed their name, and 36% no longer active. The most well-known
initiatives such as OpenStreetMap (OSM), Flickr, Panoramio, Wikimapia, among others, are still active.
The inventory classifies the initiatives according to their purpose in three groups: geovisualization,
geoinformation, and geosocial. Geovisualization is oriented to mapping user-contributed information.
Geoinformation is concerned with capturing, compiling, and integrating geotagged content
(data generated through location-based services) and geolocational information for place names.
Geosocial is more focused on users sharing geolocated media with others in their professional or
social networks.

Given the purpose of this study, we are more interested in UGsC projects that acquire and
store data related with physical aspects of the Earth rather than data about users’ locations or being
a platform for the aggregation of all types of data. We start by analyzing the active initiatives identified
in the inventory to establish a list of essential requirements that any source needs to meet to be included
in the UGsC Integration model. From this analysis some important characteristics were identified,
and need to be discussed prior to the requirements definition:

1. Type of spatial context: In this matter we found two main types of spatial resolution: places and
coordinates (latitude and longitude). Places are not accurate and sometimes can be very vague
in terms of spatial location [9]. For instance, when one mentions the name of a city, there is
no accurate position in that city. Coordinates refer to a location with much more accuracy and
therefore are of more interest for this study.

2. Type of spatial phenomena: landscape, user position, highly dynamic phenomena (natural, such as
fires, tornados, etc., or artificial, such as cars, animals, people, etc.), and static entities (buildings, roads,
farms). User position and highly dynamic phenomena are not of interest for this study because
they do not represent physical aspects of the earth.

3. Type of data: text, photos, and geometries. Text events, when georeferenced by latitude and
longitude coordinates or similar, can be very precise and rich in terms of geographical information,
but more research that is outside the scope of this study is needed to extract meaningful
information from messages/descriptions. Photos, when georeferenced by latitude and longitude
coordinates, are very useful as they provide an image of the location. Photos georeferenced by
places, as mentioned in the previous point, can have a very imprecise location. Geometries are
usually georeferenced by their coordinates representing precise geographic data.

4. Type of access: no public access, access using public APIs, access using private API, and access
using direct URLs to the photos. Some initiatives, usually held by private companies, do not
provide public access to stored data or require users to pay a fee to use their private API.
Public APIs are available free of charge and manage privacy issues internally, so by using them
only publically available content will be accessed. In this model only public APIs are considered.

5. Type of data license: Open Data Commons Open Database License (ODbL), license to public use,
and license that belongs to the contributor, among others, are some of the types of data licenses
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used. It is important to note that our model will use only publically available data and will not
store or commercially exploit the data used.

6. Type of coverage: local, regional, or global. Local coverage is more related with a small portion
of the Earth, like a country or a region inside a country. Regional coverage is more connected
with areas covering groups of countries or continents. Global coverage is associated with the
entire globe. Depending on the type of coverage of the LULC being produced and the area of the
Earth being classified, some initiatives can be more interesting than others (e.g., if the working
area is Portugal, UGsC data covering Ireland will not be of interest).

Useful information can be extracted from this discussion. Spatial context is of extreme importance
to have precise locations of UGsC data. This does not mean that the information is accurate but rather
that when a location is referred to we know exactly where it is with regard to the reference system
used. It was consequently decided to eliminate all the initiatives that do not store data with spatial
coordinates such as latitude and longitude or georeferenced geographical objects. Initiatives that
do not provide a public API, free of charge, or do not allow access to stored data through Internet
open protocols in any way, were also excluded from the study. In the same sense, for legal reasons,
all the data without a free type of license were excluded. Consequently, a list of essential requirements
that any initiative should follow to be included in the model was developed (Table 1). Table 2 shows
UGsC initiatives identified that follow the defined requirements and were subsequently used in the
development of this study.

Table 1. List of essential requirements that any initiative must have.

Type of Requirement Requirement

Spatial context Data have to be georeferenced by coordinates

Spatial phenomena Data have to represent, at least partially, physical aspects of the Earth

Data type Photos and geometries are preferred but text can also be valuable if text mining tools
are available and implemented

Access type Data must be publically accessible through the Internet using open protocols

Data license Data must be available free of charge for the purpose of land use/cover classification

Coverage Depends on the type of coverage of the Land Use/Cover (LULC) being produced
and the area of the Earth being classified

All the initiatives have the data referenced by coordinates, representing physical aspects of the
Earth, and are publically available. Except for the GeographUK (regional dataset covering Great
Britain and Ireland) all the datasets have a global coverage. In terms of access type, all the initiatives
provide public APIs to access their data, except the Degrees Confluence project, in which the access
has to be made using photo specific URLs. Finally, concerning the type of data, two initiatives have
vector data, five are based on photos, and seven have textual descriptions incorporated.
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Table 2. Selected User Generated spatial Content (UGsC) initiatives.

Name Since
Spatial Context

(Data Georeferenced
by Coordinates)

Spatial
Phenomena

Coverage Data Type
Access
Type Availability

Global Regional Vector
Data Photos Descriptions

Degrees Confluence 1996 X X X X X URL Public
Flickr 2004 X X X X X API Public

OpenStreetMap 2004 X X X X API Public
GeographUK 2005 X X X API Public

Panoramio 2005 X X X X X API Public
Wikimapia 2006 X X X X X API Public

Twitter 2006 X X X X API Public
Instagram 2010 X X X X X API Public
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3.2. Structural Similarities and Dissimilarities among the Initiatives Selected

As stated above, different UGsC initiatives have different goals, interests, and audiences,
and produce different types of data, and consequently, different structures are adopted. In this
section we explore the UGsC initiatives selected to find structural similarities and dissimilarities
among them, in order to identify solutions for their integration.

Only one characteristic in common across all the initiatives was identified. All of them have
a geographical location expressed in terms of latitude and longitude coordinates associated with
the data. In this sense we identified two types of geographical representation: points, and multiple
geometries. Most of the initiatives fall into the first and use points to represent their data. Photo based
initiatives, such as Flickr and Panoramio, and message based initiatives, such as Twitter, associate,
respectively, photos and messages with a point location. Some other initiatives are more related with
the second type. OSM and Wikimapia are two examples of initiatives that use a multiple geometry
approach by representing their data through points, lines, and polygons.

In terms of dissimilarities, two were quickly recognized. The first difference is related to the
type of access. Two different types of access were identified: (1) accessing by using a direct URL;
and (2) accessing through a public API. The former does not provide a search mechanism and needs
a tailored development to retrieve information for very particular locations: the intersections of
meridians with parallels. The latter provides a specific interface, publically available, with known
operations to retrieve the desired information from the source. Although the majority of the initiatives
provide a public API to access their data, it should be noted that the operations implemented by
their interfaces are different from each other. Figure 1 provides a general overview of this common
characteristic, also describing the type of access for each of the initiatives selected.
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Another important difference that has to be pointed out is the schema of the response from each
initiatives’ API. Although there are some overlaps, the response schema of each initiative is, in general,
different, which raises integration issues. Therefore, a common schema needs to be defined so that
information aside from the location can also be integrated and used.

3.3. Model Architecture

There are three approaches to integrate several and diverse sources of data: (1) the virtual
approach, in which the information is queried and retrieved from the source on-the-fly; (2) the materialized
approach, in which a centralized database is developed to store data previously queried to the data
sources; and (3) the hybrid approach, which is a mixture of the first two approaches [34]. According to
these authors, the virtual approach fits better when the information sources are changing frequently,
whereas the materialized approach would be preferable when the changes occur with lower frequency.

As mentioned above, UGsC data are of the type that change/update frequently. Therefore, the data
integration model based on a virtual approach better fits the type of data we are dealing with, with the
advantage of always accessing the most recent data available.

The data integration model will follow a virtual approach with the data from the different sources
being queried and retrieved on-the-fly using an interactive online platform. Given also the nature
of these diverse sources, having different structures and types of access, the integration is based on
a mediator [35] that resides between the application tier and the UGsC sources. Speaking broadly,
the aim of this architecture is to ensure that the query made by the user on the application tier is
properly translated to the different UGsC sources automatically, without the user having to know the
structure or access type of the sources.

This architecture is based on three tiers or levels: the application, the mediator, and the UGsC
sources. As shown in Figure 1, the integration is made by overlaying the different data using their
location parameters. Figure 2 presents a developed version of the architecture of the data integration
model at the three levels, detailing the mediator tier.

The client tier establishes the interface between the user and the core application. It comprises
mainly a Web Graphical User Interface (GUI) that displays all the information and allows user
interaction. The user can easily query all the available UGsC sources for a specific location, visualize the
response, and interact with the data.

The mediator tier is the core of the data integration model. As shown in Figure 2, it is composed
of the integration component, including search settings defined by the user, and a set of readers.
The integration component receives the query from the client tier, calculates the bounding box
according to the defined settings, and dispatches it to the different available readers. Each reader is
then responsible to formulate a specific query to the respective UGsC source, interpret the response,
and send it back to the integration component. The integration component will then harmonize all the
responses and send the result back to the client, to be displayed by the Web GUI.

One of the main advantages of the approach used in this architecture is the possibility to integrate
new UGsC sources at any time, as long as they fulfil the minimum requirements defined, by developing
a specific reader for each source and adding it to the integration component configuration settings.
The integration component can also evolve in the future to incorporate tools to help in the decision
making process. Descriptive statistics, data conflation, data fusion, text and data mining, or even
machine learning techniques might be incorporated, and applied at the geographical and semantic
levels, to provide better insights about the quality of the classification or, ultimately, to make the
decision in a fully automated way.

This tier is composed of the data sources themselves. As mentioned in the previous section, as long
as the minimum requirements are met, any new source can be added to the model by developing
a reader that knows how to communicate and query the data to the source, as well as to interpret and
format the response.
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4. Prototype Development and Implementation

To validate the UGsC-Integrator model proposed in the previous chapter, a prototype was
developed and implemented. The first step was to define a set of important use cases in order
to understand which features should be included. Use cases are a valuable and widely used tool
to capture system requirements [36], and very helpful in designing systems. The architecture and
implementation was then achieved based on those requirements.
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4.1. Definition of Use Cases

To identify the requirements for the development of the prototype, two use cases were defined.
Related with remotely sensed products, the first is about supporting the process of classification,
e.g., to help a photo-interpreter to investigate areas of unclear classification, and the second is related
to supporting the validation process.

Figure 3 shows an integrated view of the main operations required by these use cases.
Basic operations, such as defining location, selecting initiatives to query, and visualizing the retrieved
features in an integrated map, are needed by both use cases. These operations are enough to
retrieve and visually analyze photos from initiatives providing this kind of data, thus helping in
the photo-interpretation process. Advanced operations are of more interest for the validation use case.
In this case, tools to analyze tag statistics, to select features by tag, and to export data to be integrated
in external applications, are very important.
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4.2. Architecture and Implementation

The prototype implementation started with the selection of the most appropriate technology.
Given the fact that: (1) the crowd is continuously sharing geographic information through the initiatives
identified; (2) internet access is required to access data; and (3) applications are running more and
more in the cloud using the World Wide Web (WWW) to provide online tools for different purposes,
it was decided to develop this prototype oriented to work in real-time and using the WWW as the
platform of operation.

In terms of technology, and as the objective is not related with any evaluation of software
or benchmark measurement, open source options with the necessary flexibility to implement
interactive and user friendly solutions were selected. Thus, two main structures were required:
(1) a web-based framework and (2) a mapping framework. For the first case the framework Sencha Ext
JS, version 4.2.2 [37] was selected. This framework is a JavaScript framework for building feature-rich
cross-platform web applications allowing developments with rich User Interface (UI) components.
For the second case we selected Open Layers, version 3.1.1 [38]. This library is very well known for its
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Web GIS development capability for high performance mapping. To serve the application, the Apache
HTTP Server, version 2.4.10, was used [39]. This stack responds to all the defined requirements and has
been used in several Web GIS implementations [40–45]. Based on the purpose of the model, we included
in the prototype two completely different sources of UGsC: (1) a photo sharing initiative—Panoramio;
and (2) a vector-based mapping initiative—OSM.

The next step was to design the main UI for the application. Based on the use cases it was clear
that a two-step approach was needed. First the user would need to select the location to analyze
along with the input parameters followed by the request itself, and second the resulting data would be
displayed in an integrated way allowing a certain level of interaction between the user and the features
displayed, such as feature selection, among others. Consequently, the final layout was divided into
two main parts: (1) the initial map and input parameters definition; and (2) the features dashboard.

5. Results and Discussion

In this section we use the prototype to demonstrate the model in action by performing the different
activities of each use case. We also discuss some challenges and limitations as well as the current status
and future developments.

5.1. The Model in Action

The prototype is used here to demonstrate the ability of the model to integrate UGsC data and
perform the different activities of the use cases.

To use the prototype, the user initiates the process by defining a set of input parameters to query
the UGsC sources. First the location of interest needs to be captured using one of three possibilities:
(1) by inputting the latitude and longitude in the respective fields; (2) by searching on the map using the
available zoom and pan tools and clicking on the location; or (3) by dragging a KML (Keyhole Markup
Language) file containing locations to validate and using it as a reference to select. The third option is
of more interest for the validation use case, in which a sample of locations is usually created by other
applications and can thus be imported here for validation. The next step is to define the size of the
square bounding box by entering the side length (e.g., 200 m) upon which the respective box is drawn
on the map. The initiatives to query are also defined here, allowing the user to select one or more
UGsC initiatives, followed by the request of the data. Figure 4 shows an example of the initial interface
with a location already defined as well as the other input parameters.
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After obtaining the data, the features dashboard UI tab becomes available, allowing access to
the data in a map format as well as additional information such as metadata on individual features,
as shown in Figure 5. This example is more oriented to the classification use case, in which only the
Panoramio source was queried. Each photo is represented by a point on the map and the user is able
to access the respective photo and metadata by selecting individual features, including the photo URL
giving access to the full size. The user can use all these available data as ancillary information and
make the decision on which class best fits the unclear location.
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OpenStreetMap (OSM) features, the red features represent Panoramio photos, and the highlighted blue
features represent the OSM selected feature).

The validation use case requires more information to support the decision maker in validating the
classification of a specific location. Here the user is probably interested in mixing data from different
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sources regardless of the type of data. In this case we selected the Panoramio and OSM sources together
as input parameters.

Figure 6 shows the features dashboard UI with all the features and respective metadata added to
the different views. The main map is now showing features from both initiatives spatially integrated.
The statistics chart is displaying the frequency of each tag (e.g., the number of features per tag), and the
list of tags allows multiple selection of tags and features in both directions.

Looking at each box helps us to understand how these pieces of information can support the
decision maker of the validation use case. By selecting features on the main map, their attributes
are shown in the features information box. Figure 7 shows an example of the attributes of a selected
OSM feature.
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Figure 7. Detail of the Features info view for an OSM selected feature.

A list of tags, listing all the tags of the features that have been downloaded in a specific request,
is also available. This list also gives the possibility of performing multiple selection of tags, seeing their
respective features also selected on the map. Figure 8 shows this functionality when a multiple
selection of tags is executed and all the features containing at least one of those tags is automatically
highlighted on the main map.
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Figure 8. Selecting features by tag with multiple tags selected (note: the light blue features depict OSM
features, the red features represent Panoramio photos, and the highlighted blue features symbolize
features that have been selected).

A tag statistics box that shows the frequency of tags within the downloaded features is also
available. Looking at this box in Figure 6 one can see the name of a street with the highest frequency
and also a few tags with house numbers, indicating that this might be a residential area.
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Another interesting operation is the possibility to drop a polygon onto the main map. This is
particularly useful in this use case since LULC products are usually constituted by classified areas,
or polygons, and gives the validator the ability to overlay the polygon containing the location being
validated. Figure 9 depicts such a feature, showing the polygon overlaying the other features.
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features that have been selected, and the red feature depicts the dragged polygon).

Finally, the user can export to KML either all the features present in the map or only the features
that have been selected for further analysis in a desktop software by using the appropriate buttons
on the list of layers box. The downloaded file can then be opened in any desktop GIS software that
supports this format (e.g., QGIS).

Based on all these analyses the user is able to decide if the information provided is enough to
support a decision and, if so, decide to validate the location positively or negatively.

5.2. Challenges and Limitations

The greatest concern in using UGsC resides in data quality. Several studies have been undertaken
to understand the quality of this type of data as well as measures, indicators, and methods to evaluate
that quality [15,46,47]. One characteristic is their heterogeneous nature with a spatial bias in the
information. Rural areas have many fewer data than urban areas [15,48,49], and even inside urban
areas a spatial bias exists with touristic and popular areas having more data than other less known
locations [15]. We believe that the integration of different data sources helps to reduce the impact
of this issue, but such investigation is outside the scope of this study. Additional measures specific
to UGsC data have been proposed by different authors. Antoniou and Skopelity [50] provided
indicators classified in four main categories: (i) data; (ii) demographics; (iii) socio-economic situation;
and (iv) contributors. These indicators are of special importance when no authoritative data are
available to use as reference. The integration of methods to measure such indicators in the prototype
would be a valuable future improvement.

Regarding data access, most of the public APIs of the UGsC initiatives have restrictions in terms
of number of requests a user can make, or the quantity of data that can be downloaded within
a certain amount of time. This represents a constraint on using the prototype for larger areas or with
very high frequency. Another important limitation is related to the semantics of tags. One of the
advantages of some UGsC initiatives is to give enough freedom to citizens to classify uploaded data
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with non-structured tags. On the other hand, these non-structured tags represent a key challenge when
it comes to integration. Tags are related to the language, the region, or even the user environment.
To overcome this limitation, ontologies would need to be properly developed and integrated, which is
outside the scope of this study. The exponential availability of data produced by citizens is closely
related to the introduction of the Web 2.0, the increasing availability of positioning equipment at
a lower cost, and better and free imagery of the world. Such technologies are not available in all the
locations of the world and consequently UGsC initiatives will present fewer available data, or even
no data, for these locations. This phenomenon is identified as the Digital Divide [3] and represents
a major limitation of the UGsC-Integrator and prototype for locations where such technologies are not
used and data are scarce or non-existent as a result.

5.3. Current Status and Future Developments

This prototype used two initiatives to demonstrate the implementation of the integration model.
In the future it can integrate new initiatives at any time by developing and implementing the
respective reader and parser to contact, query, download, and integrate their features in the application,
taking into account their specificities.

In terms of future research, we foresee the development of more use cases and the integration
of more and different UGsC initiatives to increase the reliability and comprehensiveness of the
platform. Although data conflation and fusion processes might reduce the level of detail of the
information obtained by the integration of different initiatives to a certain extent, such tools might be
available optionally on the platform, but further investigation is needed to determine their advantages.
Analytical tools such as image processing to automatically remove useless photos, such as photos
mostly covered by peoples’ faces, and detect the predominant LULC class either for each photo or for
a collection of photos with a certain area are an important upgrade. Finally, the development of a web
service is planned. The main advantage would be related to the possibility of using the data resulting
from the UGsC-Integrator directly in different and independent applications.

6. Conclusions

In this study we developed the architecture of a data integration model that combines diverse
sources of UGsC in a common platform; this data integration model is to be used in the process of
LULC databases production, more specifically, to help in the validation phase. From a comprehensive
list of UGsC initiatives already identified by Elwood et al. [29], we identified and discussed the
important characteristics and defined a set of minimum requirements that any UGsC source must meet
to be included. A list of the current UGsC initiatives satisfying such requirements was also developed,
and the similarities and dissimilarities identified were taken into account in the design of the model.
The architecture defined was structured to allow the future evolution of the model by enabling the
incorporation of new sources of UGsC as well as techniques that might already give some preliminary
quality indicators and, ultimately, automate the decision making process by providing final quality
indicators about the LULC database under evaluation.

A prototype application was used to demonstrate the implementation of the model in which the
integration of data coming from different sources with different structures was verified using a common
map. Additional information, such as tags and attributes, were also analyzed in an integrated approach
to calculate statistics and allow the selection of features by tag. Two use cases were used to illustrate
the model in action proving that the integration of data from different initiatives is possible. Other use
cases not implemented here can also be identified: a landscape architect interested in studying a specific
area from the landscape point of view might use available photos; a data/big data analyst interested
in analyzing all of the available data for a given location can use the prototype to access and download
raw data; an urban planner might use the prototype to access ancillary information to support the
planning process, etc.
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We hope to have demonstrated how diverse UGsC data can be integrated and how useful
information to support decision making can be extracted.
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