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Abstract

Web GIS applications which are high functioning, efficient, and meet the performance
demand of the client are essential in modern cartographic workflows. With more and more
complex spatial data being integrated into web applications, such as time related features, it
is essential to harmonize the means of data presentation so that the end product is aligned
with the needs of the end-user. This thesis presents microservices as a new way of building
Web GIS applications which display various time-series visualizations from historical CLC
data to explore future opportunities with the coming CLC+ data. Within the scope of
this master’s thesis, a microservice application prototype was designed and developed to
streamline intuitiveness and functionality. After conducting expert interviews and method
analyses, a highly usable, utilitarian prototype was deployed which presents various time-
series visualizations. Further, an online survey was conducted which highlighted the
usefulness and the increase in intuitivity when supplementary statistics are provided to
the user in addition to slippy map integration into Web GIS applications. The prototype
provides a solution which helps to understand various ways in which current web and
spatial analysis methods can be combined to create visualizations that add value to existing
spatial data for cartographic web workflows.

Keywords: Web GIS, microservice, land cover/land use, time series, user-centered design
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Chapter 1

Introduction

As web-based cartographic visualizations are becoming more ubiquitous, ongoing research
offers new avenues for continued development. Modern cartography aims to improve
understanding of how to harmonize new research within multiple cartographic fields,
such as Web GIS design guidelines, processing of earth observation data, and integrating
web-based apps into microservice architectures.

Developing methods to present land cover/land use (LCLU) time series in web-based
visualizations provides value to cartographers (Yu et al., 2021). When offering earth
observation (EO) data products such as raster and vector maps in web-based visualizations,
it is essential to maintain readable, intuitive, and aesthetically pleasing visualizations of
the data (Farkas, 2020).

The Copernicus Program is a network which collects data through a variety of sources such
as EO satellites, and sensors on the Earth’s surface (Büttner, 2014). The abundance of data
available makes new investigations into earth observation techniques convenient (Bielecka
& Jenerowicz, 2019; Kosztra & Arnold, 2019). One derived product from the Copernicus
Programme is the CORINE Land Cover (CLC) dataset1. The CLC data is available for all
of Europe and describes the land cover for the continent in vector and raster products. The
products from the historic CLC inventory are used within a wide variety of projects and
agencies such as environmental (Szumacher & Pabjanek, 2017), agriculture (Kandziora et
al., 2013), community planning (Naranjo Gómez et al., 2020), and urban sprawl (Cerba et
al., 2009).

The CLC+ project is currently in development and projected to be the next generation
LCLU products for Europe, with a higher spatial and temporal accuracy (Kosztra & Arnold,
2019). The text below aims to describe the ongoing work of CLC+ to provide context for
the research of this thesis.

"The European Environment Agency (EEA) and European Commission DG
Internal Market, Industry, Entrepreneurship and SMEs (DG GROW) have
determined to develop and design a conceptual strategy and associated tech-
nical specifications for a new series of products within the Copernicus Land

1https://land.copernicus.eu/pan-european/corine-land-cover (Accessed 5 August 2021)
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1.1. INNOVATION AIMED AT

Monitoring Service (CLMS) portfolio, which should meet the current and
future requirements for European Land Cover Land Use (LC/LU) monitoring
and reporting obligations. This process of development is nominally called
the "2nd generation CORINE Land Cover (CLC)" and the suite of products
resulting are referred to as “CLC+”.

The CLC+ suite of products becomes part of the new European baseline
for LC/LU monitoring for the decade to come, and the CLC+ Core database
(one of the components of CLC+) allows to derive tailored products (so called
instances) for support to key EU policy needs through the full policy cycle, as
well as to specific needs as expressed by stakeholders in the Member States.
Important first use-cases for CLC+ Core instances are around monitoring,
reporting and validation to support the implementation of the Regulation on
the inclusion of greenhouse gas emissions and removals from land use, land
use change and forestry (LULUCF).

The CLC+ Backbone component produces a detailed (...) geometric vec-
tor reference layer with basic thematic content (18 classes) and a 12-class 10m
spatial resolution raster product. The products will be fully compliant with the
EAGLE data model and nomenclature and can be used as input data for the
CLC+ Core database. (Copernicus Land Monitoring Service pan-European
component: Technical specifications for implementation of CLC+ based on
the EAGLE concept — European Environment Agency, 2017)"

The high spatial and temporal nature of the CLC+ data presents an opportunity to analyse
changes at the Earth’s surface using web based cartographic visualization techniques with
more accuracy than the CLC data.

1.1 Innovation Aimed At

The aim of this thesis is to enhance the processing and visualization of changes to LCLU
classes in time series through the research and prototyping of Web GIS microservice tools.
Additionally, there has not been good access to statistical visualizations for the existing
CLC data, so this thesis is also investigating scientifically based methods to provide more
accessibility to the data. Compared to the historic CLC Data, the CLC+ Backbone will
provide much more data and therefore performant visualisation techniques are needed.
Further, creating these tools in user-centered workflows helps to facilitate the design and
development (Abras et al., 2004).

To accomplish the goals of the thesis, a framework has been developed to visualize changes
to LCLU classes in time series cloud-based tools. This is completed through the research
and prototyping of microservice tools and developing a prototype application. The goal of
the resulting application is to help communicate land cover information more efficiently and
assist in the decision-making process of end-users who wish to statistically compare data
from different temporal periods from the map. Furthermore, the prototype aims to provide

8 Jesse Friend



CHAPTER 1. INTRODUCTION

intuitive, user-center designed cartographic visualizations to help users make informed
choices based on historic and current data.

This research could add value to Web GIS microservices with the implementation of a
web-based interface that includes interactive maps and other forms of statistical analysis. In-
tegrating microservices into cartographic workflows have been shown to increase efficiency
in project workflows by reducing the amount of time necessary to develop new tools and
distributing tasks among team members without the fear of breaking a system. Additionally,
existing research has presented a need for more research into GIS microservices (Mena et
al., 2019).

1.2 Research Identification

1.2.1 Research Objectives

To support this work, research into different avenues of cartographic time series visualization
techniques was explored. The input data is derived from historical CLC data of the years
2000, 2006, 2012, and 2018. These datasets are a high-quality source for European land
cover data and provides an opportunity for developing visualizations including maps and
statistical graphics (Cieślak et al., 2017).

1.2.2 Research Questions

Research Question 1

• How can the concept of digital cartographic visualizations be constructed so that it
conveys information in an effective form within the context of developing projects
such as CLC+?

– What are the needs of end-users and clients, who will be using the service?

– How can a product be designed with intuitive use as a core function?

– How can user-input directly influence the end-result visualization?

– What visual aspects are necessary within the final product?

Research Question 2

• How can visualizations of remote sensing derived time series be integrated into a
Web GIS digital microservice infrastructure?

Jesse Friend 9



1.3. HYPOTHESIS

– How could integrating cartographic visualizations into microservices improve
cartographic project workflows?

– Do web-based cartographic visualizations offer value to ongoing workflows in
the remote sensing domain?

Research Question 3

• What are the advantages of creating a visualization application over implement-
ing existing technologies, or other methods such as static maps, reports, and other
graphics?

1.3 Hypothesis

Cloud-based cartographic time-series visualizations of remote sensing derived products can
be an advantage to include within organizational Web GIS architectures as microservices.
Cartographic projects with integrated user-feedback cycles can help improve the continual
development of derived products. Additionally, there will be an advantage in the design
process for a remote sensing time-series visualization prototype if user-conceptions and
ideas are part of the implementation in the sense of user-centered design.

1.4 Thesis Structure

This section provides a brief introduction for the content of the thesis to help with easy
navigation of the following chapters.

Chapter 2: Related Work

The related work chapter immediately follows Chapter 1: Introduction, and opens by
discussing existing research and foundations of Web and Microservice Architectures. The
next section continues into Web Interfaces and how a user interacts with web applications.
Section 2.3 follows by exploring the various topics of research on the subjects of GIS,
Geodata, and Implementation into the Web. Subsequently, Section 2.4 is an examination
into work related to Land Cover and Land Use Data. Finally, the chapter closes with an
investigation into research and techniques of User-Centered Design.

10 Jesse Friend



CHAPTER 1. INTRODUCTION

Chapter 3: Expert Interview

The Expert Interview chapter incorporates concepts from Chapter 2.5: User-Centered
Design to lay the groundwork for developing expert interviews on topics related to creating
a design strategy for a time-series visualization prototype. The results of the interviews are
then placed in the context of the design structure of said prototype.

Chapter 4: Time-Series Prototype

Chapter 4: Time-Series Prototype discusses the application of technological methods, as
well as the case study utilized to create an application prototype. Further, the results are
discussed as well as the issues faced in the development of the prototype.

Chapter 5: User Study

The User Study chapter discusses how the user-centered design methods can be incorpo-
rated into the final stage of development as a task-based survey. The methods, and questions
of the survey are also discussed in the context of user-centered design, and the results of
the survey are presented.

Chapter 6: Synthesis

The Synthesis chapter harmonizes the findings into a discussion on the topic as a whole.

Chapter 7: Conclusion and Outlook

Finally, the thesis closes by discussing the findings, placing them in a larger context, and
considering potential future work on the topic.

Jesse Friend 11



Chapter 2

Related Work

This chapter provides a sound background on utilizing various approaches to create frame-
works to present LCLU geodata in a Web GIS application using a microservice architecture.
The sections cover a variety of topics which highlight factors in developing effective
frameworks for the utilization of web-based cartographic visualization tools. In order to
communicate a thorough background of the topics, descriptions are provided.

Section 2.1 opens by presenting a background of web and microservice architectures in
the context of web applications. Section 2.2 then elaborates on the topic of web interfaces,
and how to present information to users in a browser in an easy to comprehend manner.
Geographic information system (GIS) applications and how to create Web GIS applications
with today’s available tools are the topic of Section 2.3. Section 2.4 focuses on the topic of
LCLU datasets and the applications of said data in scientific context. Finally, Section 2.5
provides definitions, background, and current research into user centered design processes
which can be utilized in the field of cartography.

2.1 Web and Microservice Architectures

Every application that is available on the internet must be created through an architecture
which is built specifically to store, transmit, and present data (Fielding & Taylor, 2002).
The machinery involved in the process is referred to as the hardware. The operating
systems, applications, and digital interfaces are referred to as the software of the architecture
(Cardellini et al., 1999).

Fielding and Taylor (2002) presents on the classic web application model which involves
a user interface which a browser presents to a client. The tools and services within said
browser use a method of data transportation to connect to a web server stored on physical
hardware to create a common web page. This data transfer protocol makes it possible to
send HTML and CSS data back to the user interface which allows the browser client to be
interactable (Erl, 2004). The server may be connected to a variety of other systems such
as datastores, additional backend processing, and legacy systems such as is displayed in
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CHAPTER 2. RELATED WORK

Figure 2.1. This concept is the backbone of web architecture, including that of Web GIS
applications.

Additionally, an important method for Web GIS applications is to apply the Ajax application
model. Ajax is shorthand for Asynchronous JavaScript + XML. Ajax removes much of the
start/stop nature of the classic web application model. Rather than an entire web page being
retrieved when a client uses their browser, an Ajax engine, made by JavaScript, renders the
interface and interacts with the server when a user interacts with various features (Garrett,
2007). This method removes the need to interact with a server when a web page is loaded,
and allows the engine to asynchronously make requests to the server when it is necessary.
This point is crucial with Web GIS applications, where extreme amounts of data must be
transported from the server to the browser in efficient ways to present visualizations and
further statistical analysis.

Figure 2.1: The differences between a classic model and the Ajax model (Garrett, 2007).

2.1.1 Web Servers

Each piece of information associated with presenting interactable maps on Web GIS
applications must be stored somewhere. The internet is merely a connecting bridge between
different computers across the world (Erl, 2004). The places where all of the data and
applications available on the internet are kept are referred to as web servers (Arlitt &
Williamson, 1997).

Jesse Friend 13



2.1. WEB AND MICROSERVICE ARCHITECTURES

Garrett (2007) discusses the specifics of a server model. In terms of hardware, a web server
can be described as any computer that stores web server software and the files for a website,
such as HTML documents, CSS stylesheets, JavaScript files. After data is uploaded to
a server, it is then connected to the internet and allows for data transport to other clients
connected to the internet. In the context of Web GIS applications, geospatial data is also
stored and retrieved through web servers with a similar model.

A web server has a software component that configures how other clients on the internet can
access any files hosted on the server. Generally, the access is through an HTTP software
protocol which can be contacted through the domain name of the website. Through this
protocol, clients can access data stored within the server (Arlitt & Williamson, 1997).

Garrett (2007) also explains the method to retrieve the data from a server, through an
HTTP request made to a back web server. An HTTP request is made by a client using
the server’s web address to transport the desired resources directly to a users device. The
data returned from the server can then be used to present as things such as application
interfaces, data which is able to be manipulated by services within applications, and other
user interactions. The same method is also applied when retrieving geodata for Web GIS
applications (Alesheikh et al., 2021).

Further, an important concept with Web GIS applications is using multiple web servers
which are distributed across different architectures help applications load faster. This is due
to the size of some geodata, and the speed in transferring data from the server to a client’s
browser. This dynamic load balancing allows clients to schedule requests across various
servers to meet scaling and data availability needs for applications (Bryhni et al., 2000).

2.1.2 Web Applications

Fielding and Taylor (2002) describe a web application as the term used for the access
of applications from a browser client over an internet network. Web GIS applications
are developed with specific languages which can present interactions, request data, and
provide services to users. These languages are often some combination of HTML, CSS, and
JavaScript, but also include other variations of web-friendly iterations of these languages
such as Angular1 and React2.

Web applications are sometimes built using a service oriented architecture (SOA) strategy.
With the increased adoption of the internet worldwide over the course of the twenty-first
century, a need arose for organizations to adopt an architecture strategy which is not
dependent solely on one or a few servers to serve the necessary data for the increasingly
complex web applications (Erl, 2004). From this need came the development of SOAs.
Alesheikh et al. (2021) shows how this can be applied in Web GIS, and the application of
this concept is elaborated more in Chapter 2.3.2: Web GIS

SOA helps increase the capabilities of a web application by utilizing the distribution of
data among various servers (Xiao et al., 2016). As shown in Figure 2.1, an application uses
HTTP requests to collect and present data to a browser client. These interactions are the

1https://angular.io/ (Accessed 14 September 2021)
2https://reactjs.org/ (Accessed 14 September 2021)
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foundation for creating applications. By storing data in various servers, and only presenting
the relevant information for the services being utilized, applications are able to function
at a fast speed compared to if everything was stored in one location and requested at the
same time (Bryhni et al., 2000). The use of distributed servers for Web GIS applications
are discussed in the context of this thesis in Chapter 2.3.2: Web GIS.

Xiao et al. (2016) show how SOAs also help in regard to the ability of developing and
delivering applications for continuous development processes. This is because of the
need to only work on individual services within an entire application stack when the need
arises to update said service. When this is the case, developers can focus their attention
towards updating the application code, server, and the associated data connections so that
the service can still run reliably. When not using SOA, a monolithic application must be
tested based upon the dependencies of all of the aspects included in the development to
ensure a successful update.

2.1.3 Application Programming Interfaces and Microservices

Application Programming Interfaces

Another aspect of web application development that is extremely beneficial to Web GIS
applications are application programming interfaces, also known as APIs. Qi et al. (2020)
describes an API as a software intermediary which allows multiple applications to commu-
nicate. With the increase in applications which connect to the web of things, many large
organizations have provided their own development functions as an API which can enrich
application functionality. This includes enterprises such as Google which provides the full
functionality, and customization options of Google Maps to developers who wish to utilize
the Google Maps API3 as a feature within their application. In the context of Web GIS,
APIs allow developers to share pre-built application structures4, geospatial data analysis5,
and data visualization techniques6 with a single line of code importing a library.

Microservices

Developing microservice architectures is an emerging trend within web application de-
velopment to alleviate some of the traditional problems that arise within existing web
service oriented development architectures. Lewis (2012) first presented on the idea of
microservices as a scalable architecture in java, and research has continued on the topic
(Mendonça et al., 2019).

Microservices are a concept built on the idea that rather than creating an entire software
package that is dependent on all distributed parts to run simultaneously, many individual

3https://developers.google.com/maps/get-started/ (Accessed 14 September 2021)
4https://openlayers.org/ (Accessed 14 September 2021)
5https://gdal.org/ (Accessed 14 September 2021)
6https://geoviews.org/ (Accessed 14 September 2021)
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applications, called microservices, are able to execute individually within the main appli-
cation (Dragoni et al., 2017). Recently, Mena et al. (2019) has presented the possibility
to develop microservice applications dedicated to working with geospatial data from a
variety of different Internet of Things (IoT) devices. This thesis is building off of the current
developments in microservices to explore additional applications of microservices in Web
GIS such as web visualizations.

The microservice architecture is differentiated from a SOAs due to the fact that a microser-
vice should be "able to evolve independently and choose its own architecture, technology,
and platform, and can be managed, deployed and scaled independently with its own release
life cycle and development methodology," (Xiao et al., 2016, p. 63).

The main goal of a microservice is to accomplish singular tasks within the overall scope
of the software, as is shown in Figure 2.2. By developing a Web GIS application into
multiple smaller applications, known as microservices, the entire application does not need
to execute, instead different aspects of the entire application are executed when engaged
with by the user (Thönes, 2015). Each microservice is completely independent from any
other microservice, and only draws upon a server or database if it’s individual task is called
upon within the application.

Figure 2.2: Example of a traditional microservice architecture (Mena et al., 2019).

The microservice concept is built around the idea of the scope of context for the microser-
vice application task. Which means that each microservice does not share it’s resources
with other microservices within the overall scope of the application. Each individual
microservice can then be scaled, modified, and updated independently within the combined
application (Mendonça et al., 2019).

A few issues with microservices, are discussed in Mazzara et al. (2018), mostly related
to the size of development teams and organizational systems. In regards to development
teams, small groups of developers are generally dedicated to a few small microservices so
development/maintenance costs can become very high. Another issue mentioned is the
complexity of organizational architectures when employing microservices. The ability to
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orchestrate increasing amount of microservices can become a challenge of efficiency as
more are added.

2.1.4 Conclusion

The techniques for Web GIS application and architecture development have been in con-
tinual development ever since the advent of the internet. Offering simple monolithic map
applications is not enough to meet the growing amounts of geospatial data. Distributed
servers and Ajax data transfer methods have been key to helping to grow the possibilities of
Web GIS applications. Now, the current trend of changing every process within a pipeline
into an independent application has been driven by the growth and adoption of APIs and
microservices. The same trends can be seen in the field of geography, and implementing
GIS and geodata into the internet. This niche of geospatial microservices in the larger
aspect of microservices has not been studied to the extent as other microservice offerings,
however, there exists a space for further conversation on the topic (Mena et al., 2019).

2.2 Web Interfaces

When developing Web GIS applications, some form of interface is necessary for users
to have some level of awareness of the spatial recognition within the application, as well
as some inherent recognition of the available features to the user. This section explores
important concepts in the field of interfaces such as front-ends and the newly developing
trend of micro-frontends, which is a further development of microservices, discussed in
Chapter 2.1.3: Application Programming Interfaces and Microservices. These con-
cepts are the foundation for presenting geospatial data to users whenever building web
based cartographic visualizations such as time-series.

2.2.1 Web Frontends

A frontend of a Web GIS application is the graphical user interface (GUI) that the user
actually sees and interacts with when visiting a web page. Jansen (1998) describes a GUI
as a visual user interface on a digital template. GUIs present the opportunity for users to
interact with programmed components through the use of various tools such as graphical
icons, text based commands, audio indicators, and typed commands, among others. It
allows user to easily navigate through complex software relations using simple visual cues
and intuitive design templates such as a mouse cursor or scroll bars (Hurtienne & Blessing,
2007). Designing GUIs which are intuitive are essential for Web GIS apps, where users
may not have a strong frame of reference for familiarity to tools and features.

Garrett (2007) discusses the idea of a frontend as generally being composed of HTML,
CSS, and JavaScript. These work in composition with each other to produce the application
interface. HTML was introduced as a markup language, allowing different text to be
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highlighted and linking different documents. CSS is a stylesheet language which formats
how HTML or XML documents should be presented on the web page. The CSS file
describes how the different components, text, media, and elements should be presented to
the user. JavaScript is a programming language which can manipulate elements within the
other documents to create dynamic applications and functions in Web GIS applications
(Pavlenko et al., 2020).

As discussed in Section 2.1, the development of Ajax has since presented the opportunity
for Web GIS applications to generate on the client-side rather than on the server-side. This
allows web pages to dynamically load only when users interact with certain features. This
change brought about a paradigm shift in the field of web development, as developers shifted
away from single page applications and moved towards dynamically loading web pages.
In terms of Web GIS applications, this presents opportunities to load massive amounts of
data asynchronously, thus increasing the speed of the application.

Figure 2.3 below displays a typical frontend development pipeline and how HTML, CSS,
JavaScript, and Ajax interact with each other and the backend of an application to deliver a
usable application to the user.

Figure 2.3: A frontend development workflow to present applications.7

A frontend commonly runs in a browser, on the client end. When creating a frontend, a
developer must also consider how an application must be able to run effectively in different
browsers, such as Chrome 8, Safari 9, and Firefox 10 among others. Other factors such as the
operating system and all of the different devices that may be used to access the application
also play a factor in how a frontend is presented when the application is used.

2.2.2 Micro-frontend

The deployment of Web GIS applications with monolithic single page frontends can create
the same issue as monolithic applications such as was discussed in Chapter 2.1.2: Web

7https://www.upwork.com/hiring/development/front-end-developer/ (Accessed 20 July

2021)
8https://www.google.com/chrome/ (Accessed 14 September 2021)
9https://www.apple.com/safari/ (Accessed 14 September 2021)
10https://www.mozilla.org/firefox/new/ (Accessed 14 September 2021)
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Applications. It again, like with services, becomes an issue of scalability, maintenance, and
deployment of applications (Pavlenko et al., 2020). Micro-frontends have been presented as
a concept to attempt to relieve some of the known issues when developing web applications.
A micro-frontend utilizes the same independent application concept of a microservice. It
allows for streamlined development of tasks which involve the presentation of information
collected from other resources into a frontend aspect of an application.

Mena et al. (2019) discusses the concept of micro-frontends in terms of Web GIS ap-
plications. The possibility to independently deploy Web GIS micro-frontends with no
dependencies to the greater organizational architecture presents opportunities to increase
efficiency, application loading time, and efficiency.

Like microservices, micro-frontends do not rely on the entire application to run simulta-
neously, instead, the application can run independently and only utilize the server load
necessary for the individual need served by the frontend (Cerny et al., 2018). This concept
saves development teams time and load balancing due to the ability to have individual team
members tasked with developing various tasks, without the need to continuously update
and test the entire application (Cherradi et al., 2017).

M. Geers presents the following foundational needs of micro-frontends (Geers, n.d.):

• Technology Independence: Every micro-frontend must be able to run indepen-
dently from each other, thus the technologies for each application must be chosen
with considering the impact of other applications

• Keep code isolated: Ensure that the code from all micro-frontends are isolated from
each other so that everything is self contained.

• Establish Micro-frontend Prefixes: Micro-frontends must have the same naming
conventions within each system so that there is clear ownership and code collisions
are avoided.

• Prefer Native Browser Features: Utilize the Browser Events for communication
rather than a local API.

• Site Resiliency: Every feature should still be useful, regardless of whether the
JavaScript failed or not.

Previous work suggests that performance efficiency, compatibility and maintainability, and
security are all increased when employing micro-frontend approaches (Rantanen, 2015).
These findings show the benefit of employing these same strategies inWeb GIS applications.
This is due to the isolating factors inherent in developing user interfaces as a component
of an application, separate from all other tasks within a combined application. It has has
broad, beneficial effects on quality, far outweighing the potential negative aspects such as
performance issues, and lack of adoption in the larger scope of web development.
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2.2.3 Conclusion

The ongoing developments within web interfaces is much like that of the changes occurring
in backend development: everything is becoming more modularized. Each feature within
an interface is becoming a small application in itself, or is a feature called from an API.
The same can be seen with map interfaces and Web GIS applications. An important facet
in these changes is to have every new application remain independent of each other. Like
the research on Web GIS microservices, there is still large room for research into micro-
frontends, however preliminary findings point to an improvement in development methods
such as single page and monolithic applications.

2.3 GIS, Geodata, and Implementation into the Web

The capabilities of a GIS are continually expanding. Cartographers can now integrate
geodata into web applications with ease through the use of various standards to complete
complex geographic analysis outside of a traditional GIS (Agrawal & Gupta, 2017). These
new changes present the opportunity to take advantage of another evolution in web devel-
opment, microservices, discussed in Chapter 2.1.3. It is now possible to create geospatial
microservices which offer users a source of rich information and features without the need
to install native applications. This increase in flexibility provides cartographers with an
opportunity to create complex Web GIS applications for nearly any topic of interest.

2.3.1 GIS Applications

The ideas of location, interactions between humans and nature, and the distribution of natu-
ral and man-made resources and features, are at the core of scientific inquiry in geography
(Agrawal & Gupta, 2017). Humans have found, and continue to find ways to communicate
these conceptions in forms that effectively convey the spatial distribution of features in
various media. With the development of new technologies and hardware, cartography has
been adapted to a digital format, and has continued its growth in this media (Brovelli et
al., 2016; Neene & Kabemba, 2017; Nowak et al., 2020). One of the largest growth has
been in the form of developing GIS applications for the use in different technologies such
as web and mobile devices.

Lee and Kang (2015) show that applications that have a foundation in GIS are incredibly
widespread across many forms of technology today due to the idea that nearly every human
communication, natural and unnatural feature, and resource contain a geospatial component.
Most current technologies and applications integrate some sort of geographic aspect into
the system (Goodman et al., 2019).

The existing principles of GIS software have also been incorporated into modern web
applications. Alesheikh et al. (2021) helps to define this application of GIS as Web GIS.
This transformation has come in part due to the wide and freely available sources of
geospatial data now on the internet (Zhou et al., 2014). This topic is essential in developing
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web applications which can serve as a vehicle to present cartographic visualizations, such
as the LCLU time series in this thesis.

2.3.2 Web GIS

One consideration in creating Web GIS applications, is the amount of spatial data which ac-
companies the program. Voland and Asche (2017) has shown the issues with incorporating
the increasing amounts of real-time data into Web GIS applications can cause problems
with application performance. Thus the storing and accessing of data is a major component
of developing highly effective Web GIS services.

GeoServer11 is an open sourced web server software which has been designed to share
geospatial data across applications on the web, and in GIS software (Youngblood, 2013).
It is effective in the field of Web GIS to allow programs to access geodata in extremely
efficient manners. Iacovella (2017) discusses how it was developed and can be used in
accordance with the Open Geospatial Consortium (OGC) to help serve data in a variety
of forms following the various standards for geospatial data, such as Web Feature Service
(WFS), Web Map Service (WMS).

WFS

Peng and Zhang (2004) presents how a WFS client can access and download any stored
vector data and implement it into software, maps, and perform tasks. The vector data
is accessible through a variety of different formats such as KML 12, GML, and JSON.
WFS provide more operations available to the client such as GetFeature, which provides
flexibility in geodata analysis, especially on web maps.

When using requests such as GetFeature from a WFS, the additional information retrieved,
often in the form of KML data, is available to the JavaScript within an application to
perform functions. KML data is a file format based on the XML standard used to display
and transmit geographic data (Peng & Zhang, 2004). Zhao et al. (2008) shows how complex
actions can be performed such as area analysis and feature analysis without having to load
the actual features from the GeoServer into the web application. Serving large amounts
of actual features would be extremely expensive, so the ability to serve KML data from
a WFS is essential in applications which request information on a very large amount of
features.

WMS

A WMS is designed to serve raster spatial data. The OGC WMS standard allows clients to
serve spatially referenced map data as images. The images are not maps themselves, but
allow for portrayal and design styles suitable for computer screens. Boulos andHonda (2006)

11http://geoserver.org/ (Accessed 5 October 2021)
12https://www.ogc.org/standards/kml (Accessed 14 September 2021)
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uses another functionality of a WMS which allows for clients to specify GetFeatureInfo
queries for the data at given locations. This allows users to get additional information to
the images from the server without loading more images.

Geospatial Microservices

Mena et al. (2019) presents a way geospatial researchers have begun to incorporate practical
applications of microservices in Web GIS applications and data. In their example, a web
map which acts as a service and displays real time data from various sensors in the field,
such as temperature, air pressure, wind speed, etc. that is coded independently from the
rest of the web application. The benefit being that when a user chooses to engage a web
map, only the relevant database and server will be called upon.

Voland and Asche (2017) is another example of developing a framework for microservices
for spatio-temporal geodata collected from IoT data sources. This work was focused
on creating aesthetically pleasing cartographic visualizations for car and traffic related
data. The work deals with massive amounts of data in microservices, and discusses the
importance of performing more research on the topic. This development architecture helps
to preserve the overall load balance of the application, especially when accessing large
amounts of data from a variety of servers and Geoservers for Web GIS applications.

2.3.3 Conclusion

GIS applications have come a tremendous distance since their advent. With developing
means of creating maps such as Web GIS applications, high numbers of users access maps
in various forms everyday on their devices. To solve issues in data transportation, solutions
such as GeoServer came about to meet the evolving needs by serving geodata in a fast and
effective format. This is an important facet when creating applications which are dealing
with massive amounts of geodata.

These new developments can be combined with the shifts in web development architectures
such as microservices, to present complex geospatial analysis with incredible ease. There
exists a large space in research to study the various forms and methods for creating these
new geospatial microservices.

Because the application of microservices to geospatial applications in Web GIS is relatively
new, there are not as many specific examples utilizing these technologies. Nonetheless, the
examples of microservice and API development in Chapter 2.1.3: Application Program-
ming Interfaces andMicroservices, and the work above on geospatial microservices help
present a groundwork for development of time-series visualization applications which
utilize data from a variety of sources and servers from across the internet for this thesis.
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2.4 Land Cover and Land Use Data

An analysis into LCLU datasets is beneficial for establishing a background in relation to
presenting LCLU data in Web GIS time-series visualizations. Land cover helps to describe
the natural or man-made cover over the surface of the earth, while land use refers to the
purpose for which land is used. LCLU data is often available very cheap or free, and at
a high enough quality to create effective analysis models (Castelluccio et al., 2015; Giri,
2012). Visualizing the data in maps and other statistical methods provides an additional
benefit to understanding the underlying trends in an easy to understand format (Freitas et
al., 2011).

2.4.1 LCLU Datasets and Broad Applications

There are many free to use LCLU datasets available for use on the internet. Some of the
popular land cover datasets include the Copernicus Land Monitoring Service13, Global
Land Cover Service14 from the USGS, andMODIS15 fromNASA. These land cover datasets
have been derived from remote sensing data, and often have both a publicly available raster
and vector dataset for downloading from some sort of web inventory.

Because of the ability to use LCLU data over specific time periods, the use of the data is
used for many scientific analyses of spatio-temporal changes on the Earth related to climate
change. Things from urban topics like monitoring heat islands in cities (Chen et al., 2006;
Jiang & Tian, 2010) and planning sustainable urbanization (Dewan & Yamaguchi, 2009;
Hecht et al., 2020), to changes in the environment like monitoring change analysis in river
deltas (Abd El-Kawy et al., 2011; Weng, 2002).

2.4.2 LCLU Time-Series

Using remote sensing derived LCLU products has an added benefit of a static temporal
frequency. Depending on the orbit of a satellite, LCLU products can be updated at certain
time intervals which makes it easier to analyse changes over time to specific areas of interest.

Rodriges Zalipynis (2012) has proven the value of using time associated geodata from
publicly available remote sensing data sources to create time-series visualizations. In the
article, the authors present various air quality statistics drawn from remote sensing derived
products. They present their findings in a variety of graphs and plots to show how the
time-series visualizations can bring value to the data which is not necessarily seen when
simply viewing the individual maps and images for each time period given.

Freitas et al. (2011) created an LCLU time series analysis tool using browser utilities
available at the time. Their work found that in addition to interactive maps, supplementary
information in the form of statistic graphics was a benefit to the time-series visualizations

13https://land.copernicus.eu/ (Accessed 5 October 2021)
14https://www.usgs.gov/centers/eros (Accessed 5 October 2021)
15https://modis.gsfc.nasa.gov/data/dataprod/mod12.php (Accessed 5 October 2021)
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they created. Figure 2.4 shows an image from their research which contains the interactive
map aspect, as well as additional statistical measures which the authors were able to draw
further conclusions from for the location selected. Incorporating their findings in a Web
GIS application helped to increase the availability of the utilities and data found within
their tools to the user.

Figure 2.4: An image from the time-series developed by Freitas et al. (2011)

2.4.3 Conclusion

Understanding changes to land cover over time with time-series visualizations presents
an opportunity to understand location specific shifts that could be an indication of larger
systemic developments such as climate change. Further, adding additional statistical graphs
and visualizations helps users understand the inherent data more than simply presenting
maps and images of raster data. By incorporating these visualizations and time-series maps
into Web GIS applications, rather than just allowing the LCLU data to be available for
downloading, researchers have shown it helps to make the data be more available to users
for analysis.
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2.5 User-Centered Design

User-centered design (UCD) is a process which continually collects and integrates user
feedback into the end product of a project. There are multiple stages defined along the
development cycle in which a member of such projects pause to gather ideas, feedback,
suggestions, etc. from the identified end-user group to continually improve project de-
velopment goals. The motivation behind UCD is to create a usable end-product which
successfully addresses the issue faced by the user group.

The term ‘user-centered design’ was first used in the 1970s, and then popularized by Don
Norman in the 1980s by the work done within his research laboratory at the University
of California San Diego (Rogers & Sharp, 2002). User-centered design then exploded in
use after the publication of a co-authored book titled: User-Centered System Design: New
Perspectives on Human-Computer Interaction by D. A. Norman and Draper (1986).

According to D. Norman (1998, p. 188), there are four main tenets of UCD that help place
the user at the center of the design process.

• Make it easy to determine what actions are possible at any moment.

• Make things visible, including the conceptual model of the system, the alternative
actions, and the results of actions.

• Make it easy to evaluate the current state of the system.

• Follow natural mappings between intentions and the required actions; between ac-
tions and the resulting effect; and between the information that is visible and the
interpretation of the system state

The work by Norman and the researchers that followed emphasized the importance of
incorporating users to totally understand their needs and wants in the end-product. After
the publication of their ideas, users became a central part of the development process.
Their involvement lead to more effective, efficient and safer products and contributed to
the acceptance and success of products (Rogers & Sharp, 2002).

The concept of User-centered design is based around two distinct methods, investigative and
generative. Investigative looks into what users currently know about the desired end-product
through the use of surveys and interviews (Soloway et al., 1996). Generative methods are
done with the goal of helping to bring new ideas to the table. Things such as brainstorming
are employed to accomplish this task.

Once the end-users become identified and an examination into the needs has been concluded,
the designers behind a project can begin developing solutions which can be assessed later
by the users.

2.5.1 User-Centered Design Process

The user-centered design process normally follows four iterative stages. Figure 2.5 displays
how each stage is evaluated in the fourth stage to continually redesign and improve the
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product (Rogers & Sharp, 2002).

• Understand the context of use: Identify the individuals who are ultimately going
to use the product, the context under which they will use it, and the environments of
the end product.

• Specify user requirements: Determine all product requirements and goals so that
the final design meets all user-needs.

• Design solutions: Develop a design for a final product based on findings from the
previous stages.

• Evaluate against requirements: Evaluation through usability testing with users of
each previous stage of design.

Figure 2.5: A traditional user-centered design process pipeline.16

The end goal of UCD is to have all tasks within a product, such as an application for
example, match a user requirement. This helps to develop products where the user feels
comfortable, and they are able to logically navigate through the different features with ease.

2.5.2 User Interface/User Experience

User interface (UI) is a term used to refer to the the aesthetic experience of a digital product,
while user experience (UX) refers to the product design and the full experience of a user
for both a digital and physical product (Galitz, 2007). In this thesis, UI/UX will only be
discussed in the context of digital products.

UI design is strictly considering the interaction, feel, and style of a product. The topic
is related to making a user interface feel intuitive (Galitz, 2007). When creating a UI, a
designer must consider the different icons, colors, fonts, imagery, and spatial distribution
of screen elements. The end goal is to create a product which visually guides users through

16https://www.interaction-design.org/literature/topics/ux-design?page=8 (Accessed

20 July 2021)
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a products functionality. Another aspect of UI is to have a unified design model so a user
feels comfortable across the various pages, and features of a product(Rogers & Sharp,
2002).

The study of UX ties directly to the work done by D. Norman et al. (1995, p. 155) in the
90’s on user experience design. In this work the topic is explained as such:

“User experience encompasses all aspects of the end-user’s interaction with
the company, its services, and its products.”

UX has a focus strictly on the experience a user has from the moment they engage in a
product until they stop. A goal of UX is to design structures for users to navigate through
the product, without encountering any pain points (Blackler, 2018). Although the topics of
UI and UX can be difficult to distinguish at times, a key difference between the two is that
UI is the sensory experience of the app, while UX is the functional experience of the app.

2.5.3 Intuitivity

The demand for user intuitivity when operating a product is extremely high (Naumann
et al., 2007). Intuitive use can be referred to as an aspect of human-machine systems.
It is the subconscious interaction process between a user and a digital system which is
guided by a user’s intuition. Intuitivity can be understood through the prior knowledge and
subconscious application (Naumann et al., 2007).

Many of the concepts used to define intuitivity can be vague, product specific, and hard
to define in a concrete manner (Naumann et al., 2007). Due to this, the method for
understand the inherent intuitivity of an application, researchers must rely on UCD process
to understand a user’s sentiments towards a product (Blackler, 2018). Understanding the
intuitive interaction of an application is important because it directly leads to improvements
in the user interface. When a product developer incorporates the feedback of the product
users back into the application, it becomes inherently more intuitive to the user base
(Blackler, 2018).

2.5.4 UCD in Cartography

UCD can also be applied to maps and other cartographic visualizations. R. E. Roth et
al. (2017) present the topic of interface success to describe whether or not an interactive
web map works as they should. With the general public being exposed to more and
more interactive maps and visualizations, they posit that the collective map-savviness
is increasing, and thus the need for more integrated UCD techniques in cartographic
development workflows is necessary. R. Roth et al. (2015) outline Three U’s of Interface
Success, discussing how to create design strategies for Web GIS cartographic interfaces.

• Usability: How easy is it to use an interface to complete the objectives at hand?

• Utility: How useful is the interface to complete the objectives at hand?

• User base: Who is the target group that will be using the interface?
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Understanding these three defining factors, along various stages of development help to
deliver a successful interactive web map. R. Roth et al. (2015) also present three interface
evaluation categories: expert based methods, theory based methods and user based methods.
The authors also recommend to combine evaluation methods to understand different aspects
of design expectations throughout the development of interactive maps.

2.5.5 Conclusion

When developing Web GIS applications, it is important to incorporate UCD into the design
process so that users have a high level of usability with the application. Especially with
geospatial applications, UI and UX design helps to provide an interface that allows users
to know where they are in the application, and what they are doing. Further, designing
applications with intuitivity as a core facet of a product ensures that a user base is content
when using the application. When all these topics all work in conjunction with each other
to create a design model, it helps deliver a highly usable product.

2.6 Summary

With the related work established, the primary tasks of this work are laid out as such:

• Develop a workflow to access, read and analyze the relevant input data obtained
through the CLC historical inventory

• Deploy a Web GIS microservice application which theoretically could be imple-
mented into a larger web cloud architecture without dependency issues.

• Provide a frontend which allows accessing, reading, analyzing, and visualizing the
comparison of all inputs in a cartographic and graphically pleasing output

• Perform a UCD based user study to understand the user sentiment towards the end-
product

In order to complete all of the above tasks with UCD as a core component, the next step
after the related work review was to complete a requirements analysis. To do this, multiple
expert interviews were completed to gain insight into the necessary components of a Web
GIS time-series visualization. The methodology, and applied case study for the work is
outlined in the next chapter, Chapter 3: Expert Interviews.
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Expert Interviews

3.1 Methodology

The goal of this thesis was to develop a prototype application which can be deployed as a
microservice in a larger cloud-based infrastructure. To design the web-architectures behind
the final prototype, research had to be completed to inform the development strategy with
the necessary requirements before the work could be started. This was done by first doing
a related work review, see Chapter 2, to understand the current trends and strategies to
develop an application of this type. After the related work, a requirements analysis in the
form of expert interviews were then conducted from individuals who are experts in the field
of GIS to gain insight into the user base of a potential application R. Roth et al. (2015).
Information gathered from both the related work review and expert interviews were then
assembled to understand the context of development for this prototype.

User-Centered Design Integration

In Chapter 2.5.4: UCD in Cartography, the work by R. Roth et al. (2015), on evaluating
interactive webmap interfaces is introduced. On pages 273-276 the authors discuss the three
evaluation categories; expert-based, theory-based, and user-based. The three evaluation
categories are then broken down into 13 total specific methods to evaluate the interface.
One of these thirteen methods is interviews.

On R. Roth et al. (2015, p. 275) the interview method is specified as good for the three
points below:

• the user needs and expectations are poorly known

• the software supports a small number of highly specialized users or a small set of
user profiles

• transitioning an interactive map to a new application domain
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At the onset of the development of the prototype, the end-users and their needs were very
poorly known so the first point helped lead to choosing this method to include in the
methodology. The second point could not be assessed due to the unknown user-base, so
this will need to be assessed further in the requirements analysis. As established in Chapter
2.3: GIS, Geodata, and Implementation into the Web, there have been some examples
of geospatial microservice examples, however, there is still space for more work in this
area. Because this is true, the third point also holds true. For these reasons, interviews are a
method which applies to a requirements analysis for the time-series visualization prototype.

There are multiple interview types which adhere to map interface evaluation. These include
structured interviews, semi-structured interviews, unstructured interviews, and contextual
inquiry. To allow the interviews to drift a bit from point to point, semi-structured interviews
were chosen to employ in the methodology of this thesis.

3.2 Case Study

To fully complete a requirement analysis to design the prototype with the needs of the
end-users of the customer’s (GAF) CLC+ project in mind, four expert interviews were
conducted with professionals in the field of cartography. The goal was to gather viewpoints
from various experts in different specialties in the field of developing Web GIS applications.
The interviews were conducted with: a GIS front-end developer, a GIS backend software
engineer, the CLC+ raster product project manager, and an expert and manager in GIS
emergency management dashboards.

Each interview was conducted one-on-one over video chat. The questions were focused
on discussing the needs of the end-user, technical aspects to include, and potential data
sources. With the expert’s consent, each interview was recorded and the findings from the
interview were gathered and studied to be implemented in the final end product.

The interviews were conducted with a semi-structured, and generative design to bring new
ideas to the table, as mentioned in Chapter 2.5 User-Centered Design. A list of questions
was prepared to give a general outline of the conversation in advance, however, the topics
were set up to allow the participants to diverge from the main topic if they had more ideas
about a certain topic and wanted to get into the specifics of it.

3.3 Results

Some of the main findings of the expert interviews are summarized below and placed
in the context of the research questions. The questions were derived to address the re-
search questions outlined in Chapter 1.2.2, Research Questions. The questions focused
on understanding the various experts ideas on:

• Get to know the potential user base of such an application and what their needs are
for a visualization
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• Web development strategies such as microservices, languages to employ, open
sourced libraries, etc.

• Understanding the project goals and end products of the CLC+ project

• What the existing data from the CLC inventory looks like

• Web visualization strategies for maps and other graphics

The full transcriptions for each of the four interviews can be found in Appendices A-D.

Research Question 1

• How can the concept of digital cartographic visualizations be constructed so that it
conveys information in an effective form within the context of developing projects
such as CLC+?

– What are the needs of end-users and clients, who will be using the service?

– How can a product be designed with intuitive use as a core function?

– How can user-input directly influence the end-result visualization?

– What visual aspects are necessary within the final product?

Expert Feedback

"The typical user of these products will be an expert(see Appendix C)."

"The main need for the end user is to deliver raster GeoTIFF products for experts and
public (see Appendix B)."

"The information content that you get is probably the most important concept for the
end user. Working stable and fluid is probably more important than having the nicest
possible design if you have to make a compromise(see Appendix B)."

"It is more important to get the best data instead of visualizations(see Appendix D)."

Research Question 2

• How can visualizations of remote sensing derived time series be integrated into a
Web GIS digital microservice infrastructure?

– How could integrating cartographic visualizations into microservices improve
cartographic project workflows?
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– Do web-based cartographic visualizations offer value to ongoing workflows in
the remote sensing domain?

Expert Feedback

"Creating visualizations as microservices, that helps. The point here is that you have a lot of
data and you can scale microservices quite easily. So if you want to do some visualization
services with big data these microservices can be scaled and this could be done much
easier. Yeah all in all it can make the code more reusable so it runs for other projects (see
Appendix A)."

"Another benefit is that you can have the code which is doing the visualizations on the fly
in the microservice. Everything is much lighter (see Appendix A)."

Research Question 3

• What are the advantages of creating a visualization application over implement-
ing existing technologies, or other methods such as static maps, reports, and other
graphics?

Expert Feedback

"So the projects that we’ve had lately are ones where the user has wanted to be integrated.
So that the user can also be active, and getting the full picture, and getting the full capabili-
ties where they can choose the time frame for example. The users also get more informed
so they can bring in their own ideas (see Appendix A)."

"It’s gettingmore democratic andmore accessible with open source tools (see Appendix B)."

"Some projects in the field are more desirable to have a finished product where their
user feels in control of the project and the end product is more ’theirs’ (see Appendix C)."

3.4 Discussion

3.4.1 Design Strategy

Research Question 1 can be summarily broken down to the question, "What is needed in
this prototype?", both in terms of data and functionality. The objective in answering the
question was to obtain the needs of the end-users who would be operating on a visualization
associated with the CLC+ project. One of the core ideas taken from the interviews is that
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any visualization for a project such as CLC+ would need to prioritize the usability and
utility of the application over the appearance. This is supported by multiple experts that
stated the potential end users would mostly be experts in the field, so the appearance is not
as important as the capabilities. Feedback such as this was integral to drive the development
direction towards ensuring additional functionality of data analysis when users engaged
with the application.

Research Question 2 is aimed at gathering the technical aspects needed to develop the
prototype, and the possibilities of integrating this product into larger cartographic workflows.
The experts knowledgeable in microservices conveyed how lightweight the application
would be when built merely as a microservice. A significant hurdle when developing GIS
applications is the size of geospatial data. Multiple experts also indicated the benefit of
developing cartographic visualizations as microservices is related to the ability to handle
large amounts of data simultaneously from various servers around the internet. The feedback
from the experts also directly influenced the choices made to create the development stack
of the application.

The goal of Research Question 3 was to gain an understanding as to why developing
tools such as this prototype could be helpful in the first place. The consensus from the
experts is that tools such as this offer value to users for multiple reasons. One reason being
that the unified presentation of large amounts of geospatial data in an interactable tool
offers the user an opportunity to explore different datasets with relative ease. This is an
important aspect when dealing with time-related land cover data, and provides an avenue
to compare similarities and differences of locations without having to invest large amounts
of effort into the process. Another point multiple experts expresses was that users feel
more empowered over their actions when they can explore data in visualizations such as
this. This interactability helps users feel a sense of ownership of the results when they can
actively define the parameters from which the statistics are drawn from the data source.

3.5 Summary

Utilizing UCD to complete a requirements analysis by means of expert interviews, in
concert with a review of the related work, has helped provide a basis for understanding of
the technical needs, user needs, and end-user group for a potential time-series visualization
built using microservice technologies. The knowledge gained from the expert interviews
bolstered the design strategy for the application prototype in terms of web architectures, as
well as UI/UX strategies. The experts helped provide a foundation of knowledge which
directly contributed to answers to the research questions of the thesis.
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Chapter 4

Time-Series Prototype

4.1 Methodology

The methodology of developing time-series visualization tools in cloud-based architectures,
such as microservices, serves to provide a foundation for future research into similar topics.
The desired outcome is to design a Web GIS architecture which can be replicated by readers
of this thesis. Thus the design strategy is explained below in broad topics, and the specifics
of the prototype design are outlined in Chapter 4.2 Case Study.

Web GIS Microservice

The basic foundation of Web GIS applications is the same as what is outlined in Chapter
2.1 Web and Microservice Architectures for normal web applications. It is necessary to
design a workflow which stores, transmits, and presents data (Fielding & Taylor, 2002).
The first step in doing so is to create a web server which can host the files which compose
an application. Most servers have a hardware component and some operating system,
generally Linux1, and a software component such as Apache2 which allows for HTTP data
transfer requests as outlined in Chapter 2.1.1 Web Servers.

To actually create the application a "technology stack", or set of computer languages,
frameworks, and tools are chosen for the development process. In Chapter 2.2.1 Web
Frontends, Garrett (2007) presents how HTML files are the visual interaction framework
for users when they enter a webpage, and that the other files in the server interact with
the containers within the HTML files to create the interface that defines the UI/UX of a
web application. CSS/SCSS files within the web server manipulate the div elements in the
HTML file to create the design of an application such as colors, fonts, and size of elements

1https://www.linux.org/ (Accessed 3 October 2021)
2https://www.apache.org/ (Accessed 3 October 2021)
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on the web interface. In Chapter 2.1.2 Web Applications, common web-development
languages are introduced such as JavaScript, Angular, and React which actually integrate
functionality into web applications. JavaScript is often used within Web GIS applications
because of the wide-range adoption within cartographic web APIs. To assist in creating
web applications, Parcel3 can be used to automatically package a project to uploaded to the
web server used to host the application.

There are various JavaScript libraries which help to create slippy maps easily through
public APIs. Some of the popular ones include Leaflet 4, OpenLayers 5, and Mapbox 6.
Leaflet and OpenLayers are open-sourced libraries which allow for easy integration of
many forms of geodata.

The geodata used in the application prototype come from a variety of web servers across
the internet. Once it is requested in the JavaScript using Ajax calls, further manipulation
with JavaScript allows for additional methods of analysis and visualizations such as the
time-series tools in the work by Freitas et al. (2011) and Rodriges Zalipynis (2012). Since
the web map libraries are designed and accessible as an API, it increases the ease in isolating
geospatial microservices from the overall stack. Once the API is added to an application,
further functionality can be developed using JavaScript to enhance the UI/UX to increase
the interface success among users (R. E. Roth et al., 2017).

Utilizing APIs is essential to maintaining a microservice architecture, as well as micro-
frontends. As Xiao et al. (2016) explain, the independence of an microservice from the rest
of an organization’s technological stack allows each microservice to be updated, maintained,
and scaled with a higher level of ease than by creating monolithic applications or services
as a part of SOAs. Throughout the case study of this prototype, many open-sourced APIs
are included to help increase the abilities of the application as a whole, while reducing the
time needed to develop every functionality independently.

4.2 Case Study

4.2.1 Data Description

As mentioned in Chapter 1, Introduction, the primary data source for this research is from
the CLC inventory.

Both historical vector and raster products from the CLC inventory are utilized within the
context of this research to analyze Web GIS microservice capabilities in creating time
series tools. All of the CLC data is available from the official Copernicus Land Monitoring

3https://parceljs.org/ (Accessed 14 September 2021)
4https://leafletjs.com/ (Accessed 14 September 2021)
5https://openlayers.org/ (Accessed 14 September 2021)
6https://www.mapbox.com/ (Accessed 14 September 2021)
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Website 7.

The CLC raster products are freely available from the Copernicus Land Monitoring website
via a WMS protocol. The layers from 2000, 2006, and 2012 2018 were chosen to normalize
the six year temporal period within the visualizations of maps and statistics. The dataset
from 1990 was omitted due to the ten year period between it’s release and the subsequent
CLC product in 2000. The layers were then all integrated in to the web application as tiled
image layers to increase the efficiency of loading time for the entire application.

The CLC vector products are not publicly available via a WFS, so further steps needed to
be taken to incorporate the functionality of the vector data into the application.

The feature label layer, as well as the transportation layer are accessed direct from the
ArcGIS Rest Services Directory8. Both of the layers are added to the OpenLayers map by
creating a TileLayer, and adding it to the map within JavaScript.

Other open sourceOpenLayers extensions used include the sidebar-v29, and the ol-layerswitcher10.

4.2.2 Study Area

TheCLC dataset is pan-European, coordinated by the EEA, and uses the uses the EEA38+UK
countries11. Figure 4.1 displays a highlight box over the study area that is the foundation
for the prototype. CLC data includes forty-four land cover classes (Pan-European —
Copernicus Land Monitoring Service, n.d.).

4.2.3 Technical Aspects

The web application which presents the time series visualization prototype was written with
the JavaScript runtime engine Node.js 12, CSS/SCSS, and HTML documents. OpenLayers
v6.6.1 was chosen as the JavaScript library to present the maps in the prototype due to
the impressive amount of functionalities in the API. Since the library is designed and
accessible as an API, it increases the ease in isolating geospatial microservice from an
overall organizational stack.

Every WMS layer used was added to the map via a XYZ OpenLayers protocol. XYZ
requests serves tile data on continually updating URLs which include the coordinates of
the user’s location on an interactable map. Serving WMS data as tile services separate an
entire georeferenced map image into a specified number of smaller tiles. When adding
georeferenced map tiles to an application, the speed of delivery is dramatically increased

7https://land.copernicus.eu/pan-european/corine-land-cover (Accessed 14 September

2021)
8https://server.arcgisonline.com/arcgis/rest/services (Accessed 20 September 2021)
9https://github.com/Turbo87/sidebar-v2 (Accessed 10 August 2021)
10https://github.com/walkermatt/ol-layerswitcher (Accessed 10 August 2021)
11https://www.eea.europa.eu/countries-and-regions (Accessed 27 September 2021)
12https://nodejs.org/en/ (Accessed 10 August 2021)
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Figure 4.1: A general view of the coverage of the CLC dataset.

because the application can dynamically access only the tiles which are relevant to the
current context within the application.

When a user clicks at any location on the map, a pop-up opens over the coordinates of the
click. The pop-up displays the land cover class at those coordinates for each of the four
years colored square in a time series. Each square in the pop-up is colored the same as
the land cover class which it represents. This is completed by using the GetFeatureInfo
operation of the different WMS layers at each click location and presents the data via an
HTML pop-up.

A GeoServer v2.1.8 was created to serve the CLC vector layers via a WFS due to the
increased flexibility vector data analysis offers. Serving the vector data via a WFS also
allows users to explore more of the data. One such example is a feature in the application
which executes when a user holds the control/command key down and drags a bounding
box across the map. When the key is released, the prototype provides a time series in the
form of yearly statistics in the side panel. This data was included in part due to the feedback
from multiple experts mentioning the increased abilities of a WFS, such as the quote below
from the CLC+ raster product manager.

"We have a vector product, which is made of polygons. And with this there are
18 classes of attributes also attached to that like building height, composition
of the land cover, then other attributes from other Copernicus products like
phenology or tree cover density. I think that’s much richer in terms of informa-
tion content and also then probably something that is, let say, more options to
play a bit. (see Appendix B)"

The statistical data are retrieved from the project-built GeoServer using a GetFeature url
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to the WFS with jQuery v3.6.013 Ajax calls. Each call gathers all of the features that fall
within the user defined bounding box. The actual vector layers are never added to the map.
The features of the layers are only queried within the area of interest (AOI) from the server
when the user defines a box on the map. This speeds up the application loading time. When
adding each WFS layer directly to the map, the performance of the application is nearly
unusable so an effort to avoid adding unnecessary data was made. The Ajax data response
provides KML data of the features, where it is parsed to be used for the statistical analysis
in the visualizations within the side bar of the map. When the side bar is opened, users
can view the change over time in terms of land cover percentages for the feature coverage
across each year. Visualizations appear to a user when an AOI is created in the form of
both Chart.js v3.5.114 pie charts, and the actual numeral statistics visualized in a table with
Grid.js v5.0.115.

To create a time series slider for the WMS layers, the following steps were taken. First,
a div element was created inside the map div element in the HTML file. In this div, the
current year of the slider was specified. Then, within the JavaScript file a jQuery function is
configured to recognize when the input year is changed by moving the slider. On this change,
the opacity parameter of the desired WMS layer corresponding to the time slider year is
changed to "0", while the opacity value for the other years are set to "1" instantaneously.

The application was then packaged using Parcel for a public URL. The resulting files were
added to a web server to host the application on a domain accessible to others on the
internet.

4.3 Results

Figure 4.2 displays general view of the coverage of the CLC data across all of Europe when
seen in the application. In this figure additional features can be seen, such as the sidebar on
the left which houses the layer switcher, statistics panel, legend, and about panels. Other
buttons include zoom in and out, fullscreen, and the draggable time slider on the bottom of
the screen.

A zoomed in view of Munich, Germany can be seen in Figure 4.3. In this figure the
draggable time slider on the bottom of the interface allows users to move the blue dot across
the four years of data where A=2000, B=2006, C=2012, and D=2018 in the image.

Another feature implemented is the ability to perform a mouse-click at any given point
in the CLC coverage to ascertain the land cover class for the associated coordinates for
each of the four years. As seen in figure 4.4, a small pop-up appears which displays the
coordinates of the mouse click and the land cover classes for the four years. When the
mouse is hovered over the small colored squares for each year, a hover text appears which
displays text with the class name. The squares have the same color value as the land cover
class the user clicks on.

13https://jquery.com/ (Accessed 10 August 2021)
14https://www.chartjs.org/ (Accessed 7 October 2021)
15https://gridjs.io/ (Accessed 7 October 2021)
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Figure 4.2: The overall view of the CLC coverage across Europe in the application.

Figure 4.5 presents the layer selector panel open. The layer selector panel was included to
allow users the ability to remove the transportation network layer, as well as the borders
and labels layer to see just the CLC layers for any location without any other distraction.
There is also the ability to change the base map in this panel so that when the map view
extends beyond the coverage area, users can decide the aesthetic of the base map.

The third button from the top on the sidebar opens the legend panel, which can be seen in
Figure 4.6. This panel provides users a full list of the classes and the associated colors of
the land cover types in the CLC dataset.

The statistics panel is open in Figure 4.7 and 4.8, and presents users the opportunity to
create an AOI by which they can generate yearly land cover statistics with. This is done
by holding shift and dragging and dropping a rectangle over the area they would like to
see. The data can be presented as a pie chart, as in Figure 4.7, or as a queryable table, as in
Figure 4.8. The data in the pie chart is colored the same color values as the associated land
cover classes in the AOI.

The application also has an about panel on the sidebar, shown in Figure 4.9, which provides
a brief description of the project, as well as providing the source for the data used within
this service.
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Figure 4.3: Four images which show the effect moving the time slider has over Munich,

where A=2000, B=2006, C=2012, and D=2018.
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Figure 4.4: Results of clicking to see coordinate class changes over time.

Figure 4.5: The layer selector panel open on the application.

Figure 4.6: The legend panel open on the application.
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Figure 4.7: The pie chart aspect of the statistic tool in action over an area around Munich.

Figure 4.8: The queryable table tab open within the yearly staistics.
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Figure 4.9: The about panel open in the application.

Jesse Friend 43



4.4. DISCUSSION

4.4 Discussion

4.4.1 Technology

The technology stack for the microservice prototype application is composed of HTML,
CSS/SCSS, and JavaScript. These were chosen to allow for easy implementation of a web
map API into the application. JavaScript also allows for wide-ranging implementation of
APIs, and functionality development due to it’s object oriented nature.

The information collected in the interviews helped to inform the decisions made to choose
the development stack. Such as when one expert said this, "for front ends there is Node.js
which is widely used with the OpenLayers library. It’s is a good tool to actually visualize
the maps you want to create," (see Appendix A). Upon further research, OpenLayers was
chosen to employ as the slippy map JavaScript library for the application due to feedback
from the expert interviews in the requirements analysis. This choice was led in part by
other expert feedback like:

"here on OpenLayers.org you can get an impression of what they are doing. So,
it is basically a library to create virtual interactable maps like these. I always
use the API, which has a super strong library, so you can search for so many
things you might want use in your application," (see Appendix C).

The GeoServer was built to serve the WFS vector data to this application because it is the
industry leading open-sourced server to transmit, share, and edit geospatial data. Chart.js
and Grid.js were used to implement as the tools to present the statistic visualizations because
of the simplicity of integration with the KML feature data response from the GeoServer.

4.4.2 Issues

The largest issue that was faced in development was in the creation of a WFS GeoServer
for the vector CLC data. As mentioned in Chapter 4.2.1 Data Description, the CLC
vector products are not publicly available via a WFS, so a GeoServer was prepared for
the application to access the vector layers over the internet via WFS standards. The
GeoPackage16 available for download from the official CLC inventory are not compatible
with GeoServer, so the GeoPackage for each year included in the case study were first
added to a geodatabase. Once the geodatabase was created, the layers were uploaded into
GeoServer, and a WFS layer was then configured for each year’s vector layer. The vector
layers, and all features within were then available for querying from within the prototype
via web WFS standards.

Once the WFS were created, further data quality problems arose. The first, being that the
OGC Intersect Filter Operator17 built directly into the GeoServer for the thesis was not
functioning when requesting data from any URL attempted. This presented an issue in

16https://www.geopackage.org/ (Accessed 8 October 2021)
17https://docs.geoserver.org/master/en/user/filter/filter_reference.HTML (Accesed

8 October 2021)
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querying data into the application. The work around for the application was to use the
Bounding Box (BBOX) Filter Operator18, however, this also created an issue. If features
fell anywhere inside of the BBOX, and continued outside of it, they were still included
in the overall feature area calculation for the statistics visualization. See Figure 4.10 to
see an example of this. The light yellow feature crosses the AOI (A) in the top right
of the box, however, the feature’s coverage (B), extends far beyond the area of the AOI.
With the BBOX filter, the area of this entire feature would be included in the statistics
calculation. To circumvent this issue, a boolean statement was created which only allows
features with an area less than 1.5 times greater than the area of the AOI to be included in
the calculations. As the purpose of this thesis was to test the overall visualization of LCLU
data in a microservice, and not the filter operators, this was acceptable for the completion
of the user-study, outlined in Chapter 5: User Study.

Figure 4.10: An image of the application which shows how a feature which is inside the

AOI (A) in the top right of the box can have a coverage (B) which extends far beyond the

AOI.

4.5 Summary

A time-series visualization application using microservice cloud-based tools was built for
this thesis following the work of others outlined in Chapter 2: Related Work, as well as

18https://docs.geoserver.org/master/en/user/filter/filter_reference.HTML#

bounding-box-operator (Accessed 8 October 2021)
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advice of experts in the field of Web GIS in Chapter 3: Expert Interviews. This chapter
shows a functionally rich application which features various time-series visualizations
can be built utilizing open-sourced APIs, publicly available data, and existing server
technologies.

To further incorporate UCD into the development workflow of the application, the next
chapter outlines a user study which was conducted to understand the application in terms
of the usability and utility of the application. Further interest was placed in understanding
the intuitivity of the UI/UX of the prototype from the participants, as well as understanding
any additional needs of the end user.
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User Study

5.1 Methodology

The research done on understanding UCD for interactive maps by R. Roth et al. (2015)
is a building block for evaluating the usability and utility of an application. The authors
recommend a hybrid approach to incorporating methods to evaluate interfaces throughout
design and development. As expert and theory based methods had already been utilized
to influence the design strategies, user-based is the third method available to deploy in a
development workflow.

Some related user-based methods include: questionnaires, entry/exit surveys, blind voting,
and cognitive workload assessment (R. Roth et al., 2015, p. 275). A method that provides
value to evaluation at the deployment stage of design and development is an online user-
study survey (Buttenfield, 1999). Surveys are good to employ in the evaluation process
when characteristics of the targeted audience are not fully known, the investigators cannot
be physically present, and multiple versions of an interface need to be evaluated.

5.2 Case Study

User Study

To gather user-feedback on the prototype for the customer (GAF), a summative online
survey was created which comprises of twenty-one questions in total. The user study
was conducted on the basis of multiple goals. The first being to create an investigative
survey, discussed in Chapter 2.5 User-Centered Design, to understand the usability of the
prototype and gain any insights from users into potential future design implementations.
Another goal was to create a task which participants of the survey needed to complete
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using the functionality of the application. In the context of this thesis, the survey developed
for the user study is helping to understand the value the additional time-series statistic
generators can also add to the application.

Two different versions of the survey were sent out to users. The only difference between the
two surveys is the link to the application which is included in the survey each participant
gets sent. One version includes the full functionality of the prototype, and the other does
not include the statistic panel. This means the statistic generator and associated graphic
visualizations that come from the statistics panel, such as Figures 4.7 and 4.8 are not
included in the task. Figure 5.1 shows an image of the view over Munich, Germany that
both versions of the application open up to. In the figure, an AOI can be seen as a semi-
transparent white feature over the study area. The AOI is pre-defined for the task outlined
below.

Figure 5.1: The application view when users open the link included in the user study.

The study opens by having the participant agree to a consent form. It then provides three
optional background questions on the participants relation to data visualizations, geospatial
data, and age. The survey then provides 3 current headlines from papers, which provide
context to the effect climate change is having on European weather events. It then gives
an excerpt from a European plan to increase carbon uptake of the continent by increasing
the forest cover across the entire union. Following this, a user task is described, and the
participants are provided a link to the hosted prototype, depending on which group they
are a part of.

The user task was to use the built in functionality of the two versions of the app to approxi-
mate the percentage of coniferous forest for the years 2000, 2006, 2012, and 2018 around
the AOI outlined above across a region in and around Munich (Figure 5.1).

Participants then answer twelve questions which are designed to help understand the
usability and utility of the application, as well as the relation to the research questions. A
final question allows participants to provide final feedback, and any additional development
ideas for the prototype. The questions are listed below with context to their inclusion.
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User Study Questions

The full user study and the included questions can be found as a document in Appendix E.
A description of the questions, and the reason of their inclusion is outlined below.

Question 1 was included for consent to including the participants results in this thesis.
Questions 2-4 were included for additional background analysis of the answers.

Participants were then given a instructions to open the application in their browser and
perform a task to find the percentage of coniferous forest in an AOI for each year of the case
study (see Appendix E, p. 87). Questions 5-8 are all included to directly provide an input
for the participant to complete the task. In the analysis, the difference of the input values
for each participant to the reference truth, or truthy value (referred to as such because of
the potential variation in BBOX placement for each user of the app), for each year were
then averaged by participant. All of the resulting values for all of the participants were then
averaged for both surveys to make a comparison of the abilities based on the added statistic
visualizations.

Questions 9-20 were all given a quantitative answer structure for the participants to provide
an answer to help understand different aspects of the usability and/or utility. Each question
had an exclusive scale of 1 to 5 as shown below:

Highly disagree 1 | 2 | 3 | 4 | 5 Highly agree

Table 5.3 highlights whether the questions were included to analyse the usability or utility
of the map interface and associated visualization tools.

Question Usability Utility
9 X
10 X
11 X
12 X
13 X
14 X X
15 X
16 X
17 X X
18 X
19 X
20 X

Table 5.1: The rationale for including the questions in the user study.

Additionally, the questions were grouped to understand various aspects of the application.
Questions 9, 13, 15, and 17 were grouped to provide insight into the user opinion on the
functionality of the application. Questions 12, 14, 18, and 19 were grouped to help see
how time-series visualizations such as this can help provide insight into dynamic Earth
systems such as climate change. Finally, questions 10, 11, and 16 were grouped to gain
knowledge on how intuitive the application is to the user.
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The final question, Do you have any other suggestions for possible features?, was included
to allow participants an open entry form to enter in any additional features, as well as to
provide a space for any feedback on the application.

5.3 Results

In Figures 5.2-5.5, bar graphs are introduced which present some of the results of the user
study. Within these graphs, the two surveys are compared side-by-side. The blue bar titled
"Full Function" refers to the responses to the survey that included all of the features of
the application. The red bar titled "Statistics Removed" refers to the survey that did not
have the statistics panel included. Figure 5.2 shows the results of the background questions
submitted by the participants for questions 2 (A), 3 (B), and 3 (C).

Figure 5.2: The background of the participants of the user study.

Tables 5.2 and 5.3 present the results of the task for the reduced functionality survey, and full
functionality, respectfully. The final column in each table presents the average difference
each participant had from the truthy values. ∅ ∆ refers to the average percentage of the
differences for each participant. The values in in each of the columns relating to the yearly
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value input for each participant refers to a percentage value out of the total AOI the user
defined in the task.

Participant 2000 2006 2012 2018 ∅ ∆

1 20 19 12 10 6.30
2 30 29 24 23 17.55
3 N/A N/A N/A N/A N/A
4 18 17 9 8 4.05
5 40 38 28 25 23.80
6 20 19 15 14.5 8.18
7 N/A N/A N/A N/A N/A
8 100 70 50 20 51.05
9 12 11 7 6 .05
10 30 28 25 24 17.80

Average ∆ 16.10

Table 5.2: The results of the user task in the reduced functionality survey.

Participant 2000 2006 2012 2018 ∅ ∆

1 12.78 11.1 5.96 5.95 0
2 12.81 11.06 5.96 5.95 -.003
3 12.73 11.05 5.88 5.87 -0.065
4 12.82 11.08 5.98 5.97 .015
5 12.81 11.07 5.97 5.95 .003
6 35.6 32.55 30.05 29.35 22.94
7 12.76 11.06 5.97 5.95 -.013
8 12.68 11.08 5.92 5.07 -.26
9 N/A N/A N/A N/A N/A
10 12.81 11.06 5.97 5.96 .003

Average ∆ 2.513

Table 5.3: The results of the user task in the full functionality survey.

Figure 5.3 displays the results of questions 9 (A), 13 (B), 15 (C), and 17 (D) which were
grouped to provide insight into the user opinion on the functionality of the application.

The results to questions 12 (A), 14 (B), 18 (C), and 19 (D) are shown in Figure 5.4. These
questions were put together to understand the user sentiment towards change analysis using
the functionality of the application.

Figure 5.5 present the results to questions 10 (A), 11 (B), 16 (C) and 20 (D) in the survey.
These questions are displayed together to gain insight into the intuitivity of the application.

Jesse Friend 51



5.3. RESULTS

Figure 5.3: The questions grouped together for insight into application functionality.

Figure 5.4: The questions grouped together for change analysis with the application.
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Figure 5.5: The questions grouped together to gain insight on the application intuitivity.

5.4 Discussion

Understanding the usability and utility of the application is key to keeping the user base
at the center of the design strategy, according to user-centered design principles outlined
in Chapter 2.5: User-Centered Design. Questions for the survey were created to gain an
idea of the user-sentiment towards the functionality, visualizations, data, and the changes
over time. Both versions of the survey included all of the same questions to gain insight
into the general sentiments between the two versions of the app.

Knowing the user sentiments in terms of interface success for the visualization of time-
series LCLU data helps to provide feedback for future projects in the field of Web GIS
microservices. The results from Chapter 5.3 are discussed below.

Task Results

When looking at the results of the user studies, the benefit of including further statistical
graphic visualizations is in full agreement with the work in Freitas et al. (2011). The
additional statistics add present a much more in-depth understanding of the data than maps
alone. The group which had the full functionality of the application for outperformed the
reduced functionality group. The average ∆ for the group with the statistics generator was
2.53%, while for the group without statistics was 16.10%. Additionally, participant 6 in
the full funcitonality group reached out to the author afterwards to disclaim that they had
mistakenly marked the AOI of their statistic generator far too large. With the anomaly of
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their entries removed, the ∆ of the group is just -.04%which could be due to user differences
in perception on a small scale when outlining their AOI in the application.

Another aspect of the task results which is notable is related to the participants who could
not complete the task. Although the reasons for not entering the percentages are unknown,
two participants in the reduced functionality survey chose not to enter any values, and
one participant in the full functionality survey chose not to enter any values for the four
years. One possible reason for the lack of participation in the reduced functionality group
is the lack of interest in working out the values with merely visual indications of the classes
on the map. For the participant who did not enter values for full functionality group, the
reasons are also speculation. Perhaps they did not read the full task description, which
outlines the statistic generator on the side panel. None of the three participants who did not
enter values left additional feedback in the last open entry form.

Functionality

Questions 9, 13, 15, and 17 were grouped together to generally understand more on the
topic of the functionality of the application. This is directly related to both the usability
and utility, and whether the users felt the application was sufficient for completing the
task in terms of the quantity and accessibility of the tools for the task of the survey.

As seen in Figure 5.3, in the full function group, 90% responded that they were both able
to complete the task with the functions of the application (A), they had all of the necessary
tools to answer the questions (B), and that the tools were easily accessible (C). Contrast
this with the statistics removed group, which 80% were either neutral or highly disagreed
that they had they were able to complete the task functions (A), 90% believe that they
had all of the necessary tools (B), and 60% believe that the tools are easily accessible
in the application (C). This is a clear indication that the additional statistical time-series
visualization increase the usability and utility of the application.

Change Analysis

Questions 12, 14, 18, and 19 are grouped to help provide insight into the usability in terms
of change analysis in the underlying data. The context of the user study was on seeing the
changes to carbon uptake of the Earth’s surface to directly influence the ability to combat
climate change. Tools such as this prototype can add value to the monitoring of such
projects on a municipal, country-wide, and global scale.

When analysing the user responses, the results are again very clear in favor of the full func-
tion group which includes the time-series statistic generator. 90% could easily distinguish
the changes to coniferous forest cover over time (A), 100% of the group could understand
how the forest cover has evolved over time (B), and 100% responded that they would also
use visualizations such as this application to help shape their understanding of changes
to our earth (C). Again, the statistics removed group generally responded on the contrary.
There were 60% that were either neutral or disagreed that they could easily distinguish
the changes to the coniferous forest (A), 60% which were neutral or disagreed that they
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could understand how forest evolved over time in the study area (B), and again 60% that
were either neutral or disagreed that they would use information from visualizations such
as this application to shape their understanding of the changes to our earth (C). Perhaps the
starkest indication of these three comparisons is the last statistic mentioned regarding using
an application such as this to shape their understanding. It is clear that the direct statistic
values provided a strong understanding of the changes occurring to the land cover of the
AOI.

Intuitivity

Questions 10, 11, and 16 were included in the survey to help answer the RQ1 subquestion:
How can a product be designed with intuitive use as a core function? As outlined in Chapter
2.5.3: Intuitivity, the concept in regards to a product’s use is incredibly important. This
is because understanding the user sentiment on intuitivity of the application can directly
lead to important improvements in the interface (Blackler, 2018). This concept is related
to the definition of usability provided by R. Roth et al. (2015) in Chapter 2.5.4: UCD in
Cartography.

The results agree that the version of the application with the full functionality is much more
intuitive when a statistics time-series is included to understand the land cover data more.
In response to "The application is intuitive", 80% of the full function group agreed with
the statement (B), and 60% of the statistics removed group disagreed while a further 10%
were neutral (B).

In the full function group, 90% understood how to use the application (A), and 80% feel
comfortable with the accuracy of their answers (C). Contrast this with the statistics removed
group, where 60% were either neutral or disagreed that they understood how to use the
application (A), and a full 100% disagreed with the statement, "I feel comfortable with the
accuracy of my answers," (C). These findings point to a major increase in intuitivity for
Web GIS applications that include additional features which draw out more information
from slippy maps, such as statistical analysis graphics.

Potential Issues

One potential issue that could be found in this data, is the lack of age diversity in both
groups of users (Figure 5.2, A). All of the respondents to the survey were between the age
of 18 and 35. This could lead to misrepresentation of things such as intuitivity, usability,
and utility of the application. If more age groups were represented, then a more thorough
understanding of how various populations interact with the type of visualizations presented
in the application could be found.
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5.5 Summary

The results of the user study are clear. Including additional time-series visualizations, such
as the statistic pie-charts and tables, into a LCLU Web GIS application is beneficial to the
usability, utility, and also the intuitivity of the application. The statistics helped users
understand the data, changes to the data, as well as the application as a whole much deeper.
Providing these visualizations add value to LCLU map interfaces and increase the interface
success.
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Chapter 6

Synthesis

The development of microservice web applications has been an emerging trend to create
web services which offer an opportunity for streamlined development, code isolation from
dependencies, and an abundance of web APIs for enriched application functionality. In
terms of Web GIS, there is still a large space for research into the topic. Due to the growing
abundance of geospatial data, the opportunity to develop Web GIS microservices and
micro-frontends which can be implemented into large organizational web architectures
provides a modular approach to integrate additional geospatial applications into more web
services. In addition to slippy maps, further statistical analysis in the form of various
visualizations impart a growth in understanding for the user in the inherent data displayed
on the map interface aspect of a Web GIS application.

For this thesis, a microservice Web GIS application was developed which presents LCLU
data in various time-series visualizations such as time sliders, pie-charts, and tabular data.
The development tasks of the application integrated UCD methodology for each step to
deliver a product, which results suggest has interface success for the end-user. The expected
results were achieved through the successful creation of a Web GIS microservice which
offers multiple time-series visualizations for LCLU data.

The development tasks were accomplished with the help of a review of the related work
in the field to gain a grasp of current strategies used to create Web GIS microservices.
Additionally, the expert interviews conducted for the thesis lay out a framework of the
technological and user needs of the end product in the context of GAF’s CLC+ project.
From these requirement analyses, various methods such as utilizing existing cartographic
and visualization APIs helped create a functional application which meets the needs of
the end user. Further, because the application is built with microservice ideology, the
application could be integrated into any larger organizational web architecture system.

Cartographic UCD evaluation methods for map interfaces can be broken into three methods:
expert based, theory based, and user based. Combining the three methods conveys the
most thorough understanding of an interface to help the user remain at the center of the
design process. For this thesis all three were completed in the form of: a theory-based
review of the related work, expert interviews to understand the product and end user, and a
user-based survey to gain insights into user sentiment of the end product. The results of the
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user survey suggest that the end product is highly intuitive, contains sufficient tools and
visualizations for a firm understanding of the data, and meets the needs of the end users.

The results of this thesis would agree with Mena et al. (2019), that there is an inherent
value in developing Web GIS applications as microservices. The applications serve data
fast and reliably, due to the fact that only the relevant files and servers are called upon
when the user engages with the different tools within the map interface. Further, the results
of Chapter 5: User Study leads to agreement with Freitas et al. (2011) in the discussion
that the visualization of remote sensing data as time-series in web map interfaces, is more
valuable when additional statistic visualizations are added to the interface.

The research questions were answered throughout the work of the thesis. The results and
discussion within the context of Chapter 3: Expert Interviews, help lay the groundwork
for the direct answers to the questions in the broader results from the expert feedback.
These answers to the research questions directly led to many of the design and development
strategies of the Web GIS microservice developed as a part of this thesis.

Further, the hypothesis that microservice cartographic time-series visualizations, built
with UCD principles in mind, are advantageous to include in organizational Web GIS
architectures can be confirmed based on the results of the user study. A majority of the
respondents of the survey say that they find the application highly functional, see value
in a time-series visualization such as this, and would use these visualizations to inform
themselves on various time-dependent events such as climate change. The UCD methods,
also directly led to high intuitivitiy, and an overall satisfaction of the product. These, among
other survey results point to high positivity in the Web GIS microservice prototype, and
the potential to include services such as this in larger organizational web architectures.

In the context of this thesis, the research questions and hypothesis were successful, however
there could be certain biased factors which could have lead to the achieved results. As
discussed in Chapter 5.: User Study Discussion, the survey results were completely from
participants between the ages of eighteen of thirty-five. This age bias could have led to a
different understanding of inherent web intuitivity among the users. The results from these
participants could be different from those in different age groups, such as 65+ for example,
which may not have the comfort and understanding of the sub-conscious know-how in
navigating web interfaces. The results of the user study were based on these respondents, so
future work could search for a larger diversity in age groups for respondents to understand
a larger sub-set of the population.

An additional factor which could be considered when evaluating the results of the user
study are in the number and the type of visualizations within the app. The decision to
only include the time-slider, pie-charts, and tabular time-series visualizations was due to a
feedback in the expert interviews, time restrictions for the thesis, and the author’s results
when searching for possible APIs to integrate. Certainly, other research could potentially
utilize more and different visualizations to create time-series and get different results.
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Chapter 7

Conclusion and Outlook

7.1 Conclusion

This thesis has helped provide a foundation and framework for the processing and visual-
ization of changes to LCLU classes in time-series in the form of a Web GIS microservice
prototype. In the context of existing CLC data, these visualization tools have helped provide
a better understanding, increased accessibility, and an overall satisfaction with the data
based on the scientific results placed within this thesis. Developing microservice tools
which give a more thorough understanding and grasp of the CLC data give an opportunity
to develop tools which can be deployed alongside the upcoming release of the CLC+ dataset.
Offering time-series visualizations helps the user understand changes to the dataset more,
and operating the change tools in the interface gives the user a deeper feeling of ownership
over the application and the data within.

A microservice operates as a part of a larger web application architecture as an independent
service without further dependencies in the organizational technology stack. Additionally,
microservices use a modular approach to development which highlights the value of APIs,
and distributed servers across the internet. Because Web GIS applications often operate
by utilizing a variety of servers and data sources, it presents a great opportunity to utilize
the microservice framework to integrate more Web GIS services into organizational web
architectures.

Although coordinating the development and maintenance of an entire organizational archi-
tecture structure built from microservices can become a very daunting task, the benefits
of code independence and streamlined development have been shown to outweigh the
negatives.

The framework for design and development strategy was completed using a hybrid method-
ological approach. First, a theory based assessment of the related work was laid out. Then
expert interviews were conducted to create a basis of understanding of the user base and
their needs for such a product. A Web GIS microservice was then built to present the time-
series visualizations. Finally, a user study was completed to understand the usability and
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7.2. OUTLOOK - FUTURE TRENDS IN FRAMEWORKS FOR CLOUD-BASED
CARTOGRAPHIC VISUALIZATION TOOLS

utility of the product. Incorporating UCD as a core component of design and development
was essential to achieving the results of this thesis.

The user study was designed to create a real world task to evaluate the functionality of
the time-series visualization tools, in the larger picture of Web GIS microservices. The
consensus was overwhelmingly positive for the full functionality version of the app, and
provides a framework for future Web GIS microservice tools. The results of the user
study also suggest that time-series visualization tools offer value to integrating into data
inventories such as the CLC data store. A majority of users responded that tools such as
the application prototype developed for this thesis would help to shape their understanding
of dynamically changing events, such as climate change, and that they would utilize such
tools to help understand the data more.

7.2 Outlook - Future Trends in Frameworks for Cloud-

based Cartographic Visualization Tools

The outlook for cloud-based cartographic visualization tools is promising. Due to the rise
in the number of easily implementable cartographic APIs which offer a rich amount tools,
the growth of Web GIS microservices is slowly being encouraged from an open-source
perspective. Modular design, and micro-frontends are becoming more used, and this makes
it easier to integrate maps, and various cartographic visualization tools into existing web
applications as stand alone micro-frontends and microservices.

There are still topics within the topic of Web GIS microservices and visualization which
could be researched. Things such as studying the value of modularizedmaps as a component
of web and micro-frontends, researching how different forms of statistic visualizations
can be integrated into slippy maps, and the testing the speed performance of Web GIS
microservices compared to established Web GIS applications.

One additional note is that during the development of this thesis, the Copernicus Programme
released their own land cover and land cover change dashboard1. The dashboard also
incorporates additional statistic visualizations in the form of pie-charts and bar graphs.
One difference between the CLC dashboard and the thesis prototype, is that the dashboard
allows users to select individual countries to view localized statistics, as well as highlighting
changes within each state in the country. Another feature of the dashboard which is not
included in this prototype is the grouping of similar land cover classes to help make the
data more digestible to the user. The dashboard highlights how many of the features and
design strategies researched in this thesis can be applied to the real existing CLC dataset.

1https://land.copernicus.eu/dashboards/clc-clcc-2000-2018 (Accessed 1 October 2021)
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A Expert Interview 1

EO/GIS software engineer

First, could you give me a short introduction to yourself, education background, and work
history?

Yeah, I’ve studied geoinformatics. I’ve been working for five years at GAF now, and am
developing cloud based infrastructure for processing of geodata.

What things do you consider important for a visualization tool used for remote sensing/
geospatial derived data?

They should be easy to use and the data should be useful for the graphs and graphics too.

Do you consider the design style or the capabilities of a visualization tool more important?

Hmm, what do you mean?

So for example would you rather have a front end that maybe looks really nice but can’t do
as much or something that has more capabilities but doesn’t look as good.

Ok, I prefer something that has more capabilities but I think it depends on the use case
quite often. Something that is looking good can be more important.

Who will be the end-users of the CLC+ project and any visualizations associated with it?

That’s an interesting question. The people who do politics will have it to make decisions.
So these are people that are needing information, but the looks may be more important.
But yeah, there are also researchers using it that may need more capabilities for extracting
data for example.

What are some of the aspects a user would need to see land-cover/land-use changes as a
visualization for the CLC+ project?

Uhm, I think what the user wants to see is a chart with the land cover/land use, and the
chart with the land use objects. This segmentation. Both of these. And there is the data
extracted from the segments which is the important thing, where the user sees something.
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Because that’s the problem with CLC+ is it is so overwhelming with how much data you
have, and what is useful from it.

And the time series for CLC+ is directly where you could see year over year changes for
LCLU.

Yeah, I think there was one feature where we wanted to extract NDVI time series, but I think
this is something that could tell you. I think in the beginning of CLC+ there were
big plans for that and then we saw that there was so much data, and it was so overwhelming
to extract it and use it. And then with the user, I think that one of the big problems with
time series analysis is that you have so much data that nobody can deal with it.

Yeah that makes sense.

So I think during the process of the project there were a lot of changes.

Yeah that makes sense.

And then I think there is also something after the CLC+ that is more focused on time series
products.

I see. So we kind of talked about visualizations that are necessary to include on a front-end
service for CLC+. I wanted to also ask if any diagrams/graphs add value to some sort of
front end service?

Yeah I mean some graphs, and for example if you have a time series and click on one of the
land use objects from the segmentation, that you get a time series out of this. I mean this
can give you certain information out of the certain field. I think the problem is that if you
are a focused user, you aren’t looking at one object but bigger issues like how much forest
was lost, etc..

So maybe some sort of service where you could choose a land cover and see the percent
change over the area you are looking at.

Yeah something like that, and then you should be able to select an area you are interested
in too.

Are there any challenges that could arise in connecting a front-end visualization to the
databases associated with CLC+?

Yeah I mean it’s a lot of data, so I think that can be complicated. One of the plans of the
project was that we would have these big data cubes that are really efficient that we could
attach to, and extract time series information. I mean, maybe there was a use case which
was not foreseen when these cubes were constructed so maybe they are not optimized for
certain tasks.

Ah, what do you mean by big data cubes?

The plan is that all of the CLC+ data goes to some kind of hdf5 data type that it will be
stored in and this format should be extremely efficient to extract data and it is some kind of
table structure.

Ah could you explain that a little bit more.

Yeah so it will be big tables like this and each of the segments will have an id and the
geometry stored and then all of these attributes, I don’t know, like which part of the segment
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is covered with water, which part is covered with trees, and so on. These attributes are
changing all the time, so it’s a little bit complicated. Normally there should also be a time
series, like for two years with Sentinel 2 NDVI. I’m not entirely sure if this attribute is
still there. That’s how this data looks like. In theory it should be extremely easy to make
queries based on your geometries which are intersecting your AOI and you can do some
visualizations from these geometries.

That could be helpful, if once you select an AOI, if other visualizations like graphs or data
load about the data in the AOI load as well.

That’s true, yeah.. What is also interesting about CLC+ is that all of the data is stored as
polygons. I think you can also get the classification as a raster file. The ultimate goal is the
tables though, where all of the classifications are already stored as segments.

Going on to the next questions, do you have any experience with microservice infrastructures
in the past?

Yes

Do you think having visualization tools built as a service can provide value to a project?

Yeah as microservices, that helps. The point here is that you have a lot of data and you can
scale microservices quite easily. So if you want to do some visualization services with big
data these microservices can be scaled and this could be done much easier. Yeah all in all
it can make the code more reusable so it runs for other projects.

So something like this, aside from scaling, it’s good to know the ideas could be used in other
projects too. We kind of talked about this one already, but if you have anything else to add
- In your eyes, how can visualizations of remote sensing derived time-series be integrated
into a microservice architecture?

You can have the code which is doing the visualizations on the fly in the microservice.

So more efficiency, maybe?

Yeah, not necessarily though. Efficient code can also be running without a microservice,
it’s just running on a machine.

Could you think of any challenges one faces in creating a visualization as a service or
maybe any drawbacks?

Sometimes the non-microservice architecture is more efficient because it runs on the same
computer. And especially with big data you really have to think about how you distribute
your code. If you want your code really close to the data, or if you want to copy the data
somewhere to your microservice. That can be a problem with microservices.

That makes sense. I guess then on the contrary, do you think there are any advantages
instead of using a server.

Yeah, I think scaling. Reusability of code, among others

What are some things you consider “best-practice” when involving a front-end component?

Hmm ok that’s also difficult. (laughing)

Yeah, so what are some things you would think are essential when involved in a front end.
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Hmm you mean from a programmer point of view, or a user.

Yeah maybe from your perspective.

You so you use git and it’s a good idea for the front and backend to have mockups so that
you can develop independently from each other. That’s the idea with microservices...yeah
and so if you have a few more people involved you can make it so that some people create
the front end and the back end so that the development is not so loaded.

What languages do you think are good to use right now that could be easy to adapt for
microservices?

I think for front ends there is node.js which is used widely with the OpenLayers library.
It’s is a good tool to actually visualize the maps you want to create. But I am more from
the data perspective so we are normally using python or r for the visualizations. It’s quite
easy to produce more complicated graphics. I think something like tables or some simple
graphs you can visualize with some front end languages. But I can imagine if you want to
do more complicated graphs or diagrams then it’s a good idea to use one of these languages.
They are easy to adapt but also more professional and better for production than if you use
c++ or java.

Ok that’s good to know all of the perspectives helps too. And then one last question, it’s kind
of a two part question - What trends do you see coming along in the fields of visualizing
remote sensing data, and geodata visualization?

Ok, so the projects that we’ve had lately are ones where the user has wanted to be integrated.
So that the user can also be active, and getting the full picture, and getting the full capabilities
where they can choose the time frame for example. The users also get more informed so
they can bring in their own ideas.

Yeah that makes sense. So thanks again for everything, that was my final question. Feel
free to reach out again if you have any more final thoughts. It’s been really helpful.

Thanks, yeah I would be interested to see the result.

Yeah, gladly, I’ll send it out once we are completed.
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B Expert Interview 2

Raster product project manager

First Could you give me a short introduction to yourself, education background, and work
history?

Yeah, I’m . I’ve been working at GAF for 3.5 years. I originally studied
physical geography and geoinformatics in Dresden, Germany. I did my masters thesis on
remote sensing of landslides. I did a PhD then in Enschede and Strasbourg, France on the
remote sensing of Landslides, image correlation, image classification, change detection,
and so forth. A few post-docs and then straight into industry.

So who will be the end-users of the CLC+ project and any visualizations associated with
it?

So I think one end user is the European Environmental Agency. And what they would use
it for would be to support the downstream products like LULC CO2 footprint. So there is
an obligation for reporting by all those who signed the Paris agreement. So further, they
want to derive legacy products. So to explain it, there is currently Corine, which is one
of the main land cover products and there is a time series dating back to I think ‘96. And
this is all done manually by the member states. They employ people who sit down and
interpret images to update these datasets every six years. The idea is to get to an automation
of updating these maps so the raster product would be one input, thus providing the land
cover. Land use should still come from the member states since it is not really possible to
mine land use from remote sensing images alone.

Do you think the design style or the capabilities of a visualization tool are more important?

Oof I don’t know. Like the public that you would reach with the land cover products are
not like the tik tok community so it’s typically expert users. So it should look nice, but I
guess the information content that you get is probably and that it works stable and fluid
is probably more important than having the nicest possible design if you have to make a
compromise.

What visualizations are necessary to include on a web-application that visualizes the raster
data and allows the user to access the product?

Yeah, I mean to be frank it’s a fairly simple product. It’s a geotiff with 11 different codes
and considering this I think there is only so much you can do with it. And also the richness
of the information is limited. I think what might be more interesting, is that we have a
vector product, which is polygons then. And with this there are 18 classes of attributes also
attached to that like building height, composition of the land cover, then other attributes
from other Copernicus products like phenology or tree cover density. I think that’s much
richer in terms of information content and also then probably something that is, let say,
more options to play a bit. Like okay what could be a meaningful visualization for the user
and how to look at this type of product from different angles. And I mean also, the raster
product which will be an end product is mono-temporal and when you say a visualization
of time series, which will be one of your topics.

Yeah.
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So for the moment it will be just one single timestamp, and you are using time series as
input data, but there will be one set of reference data from 2018.

Oh okay, will the rasters be continually updating, for example each year with new datasets.

Yeah, well that’s the plan in follow up projects every three years. Eventually with yearly
updates, but with the scope of the project it may not be coming any time soon.

Okay yeah, I can imagine it is such a big project and new updates will take time to
materialize. So do you think any sort of diagrams/graphs, using any sort of different
attributes from the vector classes could add value to visualizations.

Yeah, I guess if you could sort of click on the polygons in some sort of map, depending on
where you are, getting something even as simply as a pie chart showing the composition
of the land cover coming from the raster product. Or showing the phenology values. I
don’t know if maybe the phenology values are maybe time series coming from another
Copernicus service. If it’s time series then maybe that could be another thing that could be
visualized.

Yeah that makes sense, I think that would be good to consider.

And I mean we have EO data time series which we use in production. It’s not foreseen to
attach this data to the polygons or the raster. But we use it in production for interpretation.
For example we are looking at the interpreted samples, looking at NDVI time series to
see the behavior of the sample in time. I mean even though this is not part of the product
the data is there and for visualization/testing purposes it might still be interesting to play
around with it and see okay yeah I click at that polygon or that pixel and I get a time series
for the different bands for example.

Yeah, especially just seeing how to play out these visualizations as a service, for example
here in CLC+, it could be reused later in the future. Could you talk a little about the data?

Yeah for the raster classification data they use Sentinel 2 time series, and they are being
pre-processed on the cloud and then interpolated to equidistant time steps and we download
it. So we have a bunch of data lying around, and then we have 10 x 10 km patches. And
there is a time series for every pixel and every band.

Could you imagine challenges that could arise in an end product visualization for a project
which deals with this sort of data?

Yeah, I think if you think of the vector product this is really like millions and millions of
polygons in the end. In a usual GIS it’s a bit clunky to work with it. Just to visualize it, just
a fraction of it. Out of 3 million polygons you pan, wait for it to load, pan and wait. I guess
to have something that you want to visualize in the browser, that’s your goal right, to have
some sort of web front end?

Yep, yeah exactly.

Yeah I could imagine doing that in the browser efficiently is a challenge just due to the
sheer size of the data.

Yeah I was thinking for the first prototype just to do a first attempt at a visualization and
storing the data in sort of server and then pulling in the different vector and raster data
to visualize it and then building other visualizations of off that so that users could have
access to the data and see other graphs and diagrams as well. But as you mentioned the
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size of the data will definitely be an issue. So for the CLC+ project, the end goal you said
will be an 11 class raster.

Mmhhm

So I’ll start closing up, what trends do you see coming along in the fields of visualizing
remote sensing data and geodata ?

Well I guess it’s getting more democratic and more accessible with open source tools
becoming available. Maybe also shifting a bit from the classical front end of GIS GUI
to doing stuff more in python doing stuff with an API pulling in stuff and doing dynamic
plots with geopandas for example. These are kind of my perception because I like the open
source tools quite a bit.

Yeah I think it’s definitely really interesting, especially to see howmuch people are embracing
the open source mentality, especially for the future. Yeah, so thanks again for all of the
information. If you have any more tips or things you’d like to say in closing feel free.

Yeah, so I guess time series are getting more and more important as we get more of this
data and we need to use it so, let’s say, I can’t speak much for the end user. I probably
have a bit of a lack of perspective for an end user, but for production it’s really important
to have these time series and we really helped ourselves by plotting the NDVI profiles or
plotting the normalized density snow index to see if that’s permanent snow cover or at least
permanent enough to classify it as such. Or how much time of the year is the surface of the
earth covered by water. Also there’s one app I’d like to mention which you might like to
see. So there is a guy from Google Engine who created a prototype, where you could see
image chips. You just mark and AOI and within a few seconds you have the image chips
for the whole area with various indexes and views. Things like that if you have such tools
for an interpreter to be able to pull all of the data and save it visualized in a nice way where
you have it appear like that with the click of a button. It makes a difference there.

Yeah, that would be great. If you by chance have it, that would be great to see.

Yes, no problem.

Well thanks again for all the information, it will be a great help.

Yeah, I’d be happy to see the final product when you are finished.

I can definitely send you a link. Well, have a nice rest of your day and I’ll get back to you
when it’s finished.

Thanks, you too. I’m looking forward to it.
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C Expert Interview 3

Web GIS front-end developer

Thanks again for taking your time today to help.

You’re welcome.

So I’m just going to start getting into the questions. This is a semi-structured interview so I
have a few set questions, but we can talk about any other topics that come up along the
way. Especially as a front end developer, your opinions on things related to visualizations
and maybe some best practices related to creating them.

Ok

So maybe you could start with a short introduction to yourself, education background, and
what you do at GAF.

Sure, so I’ve been studying, I don’t know the term in English - geoinformatik - in my
master’s and before that I didn’t do anything related to it, it was just geo-science. Five years
ago I joined GAF directly as a front end developer. At that point we used the framework
Angular.js in the beginning for front end development with OpenLayers library which is
a good tool to actually visualize maps. Then I think after maybe one year we switched
to a new version of Angular which was a big hassle because they redesigned everything
because we had to switch from JavaScript to TypeScript. But what we are basically doing
in our project is visualizing geodata with a time series. But we are mostly showing index
data, like NDVI, or specific areas of interest which you can select from drop-downs so you
can filter where you want to see. Also things like specific indices, maybe I can also show it
afterwards if you’d like to see.

Yeah, I think that would be helpful, because the data for my case study is similar to what
you’re mentioning, and the end-users for the CLC+ project could benefit from having
different indices available like what you’re mentioning. So when you’re creating the
front end visualizations. You said you do a lot of geodata things, does that include earth
observation remote sensing things?

Yeah, maybe I could share my screen and show you directly.

Yeah, that might help a lot.

Okay so this is now our current project. It is used for a project where the end product is a
front end visualization like this. For example, you are able to select various states from the
country and it zooms to the respective state and highlights it. It can also go down to further
administrative units if you are interested in it. There is also a data layer drop down which
has various EO data. Some are pre-processed and some are derived directly from Sentinel
Hub. We have specific stylings configured in our sentinel hub account which results in an
image which shows the NDVI index.

Ah so this is how you are able to create the time series slider below.

Yeah, exactly. So it is a little bit complicated because first you have to somehow collect all
of the scenes, because sometimes they are overlapping and 3 or 4 times a day. So we have
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configured our account so that we can optimize which images we get for each day. And
we also have this time slider, as we call it, which is basically an automated slider which
will automatically fetch the image of the day which is on the slider. So you can also have a
small “film” running to see the time series in action.

Sure, I see.

So this is also written with Angular.js, but Angular which is basically the same thing just
the newer version of it. And all of the map stuff you see here is from OpenLayers. You can
integrate it into TypeScript without any issues.

Is OpenLayers from OpenStreetMaps, like OSM.

Not necessarily, they provide OSM data for example as various layers for example. Here
on OpenLayers.org you can get an impression of what they are doing. So it is basically
a library to create virtual interactable maps like these. I always use this page which is
basically the API so you can search for the things you might use in your application. There
is also another library called Leaflet. I’ve never used it, so I can’t give an impression on
which is better for which use case, but we have always been happy with OpenLayers.

Sure, this has been able to meet your needs for all of your projects.

I think it even provides a lot more than we have actually used up to now and it is constantly
maintained so it is very up to date to the needs of the community.

So with the TypeScript, if someone has experience with JavaScript would it be easy to make
the transition to TypeScript.

So TypeScript is basically more object oriented than JavaScript and as the name implies
typed. So if you have experience with object oriented programming you should be pretty
comfortable with it. I think it also makes things easier because with JavaScript it’s always
a little bit difficult because you can pass in anything and have to check it afterwards if the
object is the correct type, and these things get easier when you are using TypeScript. And
if you use the angular framework, everything above version two you are required to use
TypeScript.

Would it be possible to view the code for something like this.

Yeah of course, let me find something that would be a good example...So this is basically a
template for themap layout. Themat-stuff is something related to angular. It’s called angular
material. It’s a library of components which are pre-built that you could customize. The
first bit is what draws the side panel in the app. It’s similar to the concept of bootstrapping,
which is similar to howAngular works. Yeah so here we have all of the different components
which are inside the layout. For example the side bar, infor bar, nav bar, and the actual
map. This next part is a TypeScript class which describes the map component. There is
a specific way to set up the class. There are specific lifecycle hooks in Angular. Things
like ngafterhooks means that this section only triggers once all of the other elements have
already loaded. This means that all of the other elements are already existing in the DOM
and you can act on it. There is also a hook called ngonit which is called when this class has
been initialized but maybe not everything has already been rendered on the map. There
is always a problem on the front end of asynchronous behavior that sometimes when you
fetch something from the server which will then only appears with a delay, then this will
take care of that. So then if you have this ngonit hook and call something, like getting an
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element on the screen by its id, maybe the element hasn’t been rendered yet at this point in
time. That’s why you would have to use afterviewinit so you could be sure that all elements
are there.

Sure, yeah. Could you go to the part where the data is called from the server so I could get
an idea of what that looks like?

Yes.... So here we have a generic dataservice. It is basically a very generic getrequest which
fetches anything from the server. In our application we have something called a geoproxy
in the backend which just delegates some of the requests we send to an external source to
get EO data to our backend. Apart from that, OpenLayers will actually take care of that.
So for example if you start the time slider, it would constantly request data from that server
which would appear here (geoproxy). So this is the request url which goes through our
backend. We have just appended all of the request parameters that we need, in this case a
WMS, a web map service. In this case we also pass in the polygon geometry of the unit
selected in the drop downs. We also pass the time stamp of the date on the time slider and
then it would return the image which is then shown on the map.

Sure, so for each time stamp it’s a new request.

Yeah exactly, for each time stamp.

Do you think it would be possible to do a custom AOI as the geometry parameters in the
requesturl? For example if a user wants to look in very specific parts of the data that they
define themselves?

Yes, I can show you something. We have a tool where you can actually digitize a polygon
on the map where you can define your area of interest and it will be saved in a table. In
that case you already have some, and you can just use those. With Sentinel Hub it is easy
to send a geometry and get back a clipped image for that. If I run this it takes some time
because it is fetching a lot of time stamps.

Ah wow.

It should load at some point, ah yeah. We also have in addition some statistics data here
as a graph. It shows the minimum, maximum and mean NDVI values throughout a year.
The same thing we saw before with the min units, and here it is also possible to create your
own geometry of any kind on the map and retrieve the data for that area.

Ah, okay. So could one say users are wanting more interactivity in the final product.

Yeah. Some projects in the field are more desirable to have a finished product where their
user feels in control of the project and the end product is more “theirs.”

So who would you generally say are the end-users of a project like this?

I mean I guess the typical user will still be an expert.

Thanks so far this has been so helpful. Just looking back to some of the questions I have,
there’s just some more general questions here I’ve been asking in the other interviews too.
Are there any challenges you have when creating time series such as this. For example with
this application, were there any challenges that came up?

It was actually quite difficult to get to the data that you want to display because there are
several steps from actually the raw data from Sentinel Hub server to what we want to show
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here. Similar to what I showed you with the filtering earlier. So we also needed to transform
it so that it could be displayed on the time slider here. We also spent quite some time
designing this time scale because we have different types of data. There is the data from
sentinel, but also Modis data, and chirps which is precipitation data. With the different
sources we had to put them together in a convenient way so that we could display them
together on this time slider. So there was quite a bit of thinking and transformation involved
to get it prepared for a good result for the UI at the end.

Are there any things you think could add value to the app which are not included yet.

We are currently in the process of restyling it. I think there are a lot of things you could
add (laughs). One thing I think we could see improved on is the crowdedness of the app.
When there are so many panels and graphs open the map becomes hidden a bit. So it is
good to have a concept on how the elements of the UI will behave in specific situations so
that the users have minimal issues in different types of use cases. For example one view
where you are just looking at the map and maybe one view where you are just looking at
the tabular and plot data so it is not squashed together.

Well thank you this has been so helpful, I think I’ll be able to use a lot of this information
in the prototype I’m developing. Thanks again for your time.

Ah, I’m glad to help.

Have a nice afternoon.
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D Expert Interview 4

GIS Emergency Dashboard Management Expert

Could you give me a short introduction to yourself, your work history, and what you do
now?

Yeah, so as I said, I am working now. I studied cartography at the University of Applied
Sciences in Munich. I finished my studies in 2004. From 2005 until January of this year, I
was working at GAF in the image processing department. The last 8 years, since 2012 I
was working on the Copernicus Emergency Management Project. The last position was
as the project leader at GAF. Since February of this year I’ve been working at the Fire
Department in Munich. At the moment the focus is on the virus situation here in Munich.

So are a lot of the tasks in GAF, and now based on visualizing the data?

Yeah.

Ah ok, do you have any experience in creating frontend visualizations for websites from
these remote sensing products.

Yeah, that’s true. It is mostly working with remote sensing data, optical data, as well as
radar data. Also with elevation models. Combination of different models, comparing
models, and so on.

Ah I see, that sounds interesting. So how do you present the data when you create these
different visualizations?

It is generally the standard software. When I was at GAF it was mostly with ArcGIS, here
at the fire department it is ArcGIS Pro, ArcGIS online tools, dashboards and so on.

Oh cool, so when you are doing these visualizations what sorts of things do you consider
to be important to include when you are working with remote sensing data like this.

Yeah so at GAF we were working with emergency management so it was important to get
post event and pre event data very fast just to get the information about what has happened.
At the moment, the focus is mainly on statistical data. It is not working with geodata as
much, but is mainly with statistical data on the current covid-19 situation here in Munich.

Ah sure, so especially with the Covid data, are you guys creating any sort of time series
with the data?

Yeah, the focus is on time-related data, and how things are relevant over time but not in
combination with geo-information so we are not presenting the situation by administrative
boundaries. It’s more statistical data.

So when you create the time-series visuals do you consider things such as how would you
want people to read them? And are there any other things you consider?

Sorry could you repeat that?

Yeah of course. So when you are creating the visualizations, especially with time series
related information, is there anything you think about as you are creating so maybe the
user or the person who is reading the data can understand it clearly.
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Yeah, it really depends on the layout, let’s say layout, of the dashboard for example. You
can make a histogram situation showing like a “cake” for example. It really depends on the
data though. Normally we are working with diagrams and using a slider you can scale it
somehow and see the time changes over time.

Yeah that’s similar to the idea I’m working on creating with this project is to create a time
slider to see some visual data and then hopefully build out some other features to see more
graphics if there is time at the end.

Ah yeah. So in the Copernicus EMS, we are working with some kind of time series because
there is often a demand for monitoring different situations such as how water levels have
changed during a flood situation. During a fire, because it is highly dynamic it is important
to know how things have changed over time.

So when you do these time-series, are most of the tools to see the changes over time built
around sliders? My question is if there are any other methods you’ve seen employed to help
visualize these.

Yeah, so there is a very interesting tool, I don’t know if you know it. In ArcGIS online there
are story maps that can help show time series and changes over time that can help show
changes over time.

Ah that’s an interesting point. I have some experience with story maps but never considered
it for this project. I can look more into that. So when you do these projects such as
Copernicus for example, are there any challenges that come up which present difficulties
when presenting time related data.

Yeah, definitely. So we are producing static maps just for printing and so the problem was
how can we visualize several time steps, With flood areas for example, a combination of
four or five situations in one area can be hard to visualize in one map.

So in this situation would you consider using layers, or something like a story map to scroll
through and see the different changes.

Yeah, it would be easier with some kind of story map for sure because you can scale it
over time. With printing it becomes very difficult to view changes when you have 3 or 4
different layers.

Sure, I can definitely understand. So I’m kind of changing subjects here, but when you
were involved with any of these projects, were there any web-front ends involved? Or was
it mostly services such as ArcGIS and built in software to help present the data.

We haven’t before at GAF or here at the fire department, we are focusing mainly on ESRI
products.

Oh sure, yeah. So when you are in the process of creating the visualizations, like the
different graphs and maps for example, how do you consider the end needs of the user or
the reader in the development of the visuals?

So for sure we are considering the customer in the end. Right now it is our colleagues
(laughing), so there is a very close connection on how we decide to present it to them.

Yeah, in that situation it is a lot easier. You don’t have to produce it for the public in the
end.
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Yeah that is true. The data we are producing is not for the public, it is a very close discussion
with our colleagues on how we can present the data.

So when you are doing these do you think it is more important to have better design, or
more capabilities to present the data?

It is more important to get the best data instead of visualizations.

Ok, great. I think that’s mostly the question associated with the core work I’m doing. But
just curious if you see any trends coming in visualization of remote sensing data or geodata
in general.

Yeah, so a very good example is the ESRI products that have had a huge change. A few
years ago we were only working with standard GIS software. Since then we have had
the opportunity to use so many of the online tools like ArcGIS Online. There are many
different visualization tools like the story map, like a dashboard for example. Other things
like 2D and 3D visualizations have been really helpful.

Yeah, I’ve had the opportunity to use them and it’s pretty great to see the possibilities. Okay
great, thank you for your time. It really helps with my project. I’ll let you know when I
finish with the prototype if you’d like to test it out.

Yeah, definitely. Thanks, have a good day.

Thanks, you too.
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1.

Mark only one oval.

I agree

No, I do not agree

Background info

Land Cover/Land Use Time Series User
Study
Hello and thanks for helping and taking the time to participate in this study!

The answers submitted here will help aid the research for the M.Sc. thesis “Testing 
approaches to visualize land cover/land use changes in time series with Web GIS 
microservice tools” at the Technical University of Munich and GAF AG.

The survey presents a real world example of changes to the landscape over time, then will 
ask you to perform a task using the web tool built for this research. There will then be a 
section with questions aimed to help understand your impression of the application.

The survey should take 15-25 minutes and your participation is entirely voluntary. Your 
responses are 100% anonymous and the information collected will only be used for the 
M.Sc. thesis outlined above. Raw data will not be passed onto third parties. Should you 
wish to withdraw from the study at any moment, feel free to contact me.

If you have any questions, please do not hesitate to contact me at jesse.friend@tum.de.

* Required

By clicking “I agree” below you are indicating that you are at least 18 years old,
have read and understood this consent form, and agree to participate in this
research study. *

Land Cover/Land Use Time Series User Study https://docs.google.com/forms/u/0/d/17_PeJzRZhmJ_hEsu71e0ziFH-Xd...

1 of 8 9/27/2021, 3:13 PM
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2.

Mark only one oval.

Never

A few times a year

A few times a month

A few times a week

Everyday

3.

Mark only one oval.

18-25

26-35

36-45

46-55

56-65

65+

4.

Mark only one oval.

Never use it

Only use it in apps such as Google Maps

Hobbyist

I'm a geospatial professional

The role of land use in preventing climate change

I interact with data visualizations such as maps, graphs, plots, tables, etc.

My age

How comfortable are you with geospatial data?

Land Cover/Land Use Time Series User Study https://docs.google.com/forms/u/0/d/17_PeJzRZhmJ_hEsu71e0ziFH-Xd...

2 of 8 9/27/2021, 3:13 PM
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With many current extreme weather events occurring in the last year, the
conversation on adapting systems to mitigate climate change has been thrust into the
forefront of media and politics again.

The role of land use in preventing climate change

Land Cover/Land Use Time Series User Study https://docs.google.com/forms/u/0/d/17_PeJzRZhmJ_hEsu71e0ziFH-Xd...

3 of 8 9/27/2021, 3:13 PM
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Many countries are focusing on increasing carbon sink potential as a mean of
lowering the emission balance. Implementing methods of monitoring these
changes to land cover are essential to meet the goals. The European Union is
making an ambitious plan to increase the carbon uptake by increasing the forest
cover across the entire union.
https://www.euractiv.com/section/climate-environment/news/eu-draft-puts-spotlight-on-improving-carbon-
sinks-to-tackle-climate-change/

One method of monitoring these changes over time can be presented as
visualizations. The intent of a visualization is to utilize data in formats such as
graphs, plots, tables, and maps to display information in easy to digest manners.

Application link
129.187.45.33/TimeServer/userstudy.html

5.

6.

Munich,
Germany
forest change
over time

You will be provided a link to an application which helps to visualize land cover 
for all of Europe. Please follow the instructions below to use the application to 
gather some information.

1. Open the link below in a web browser
2. Explore the application, it's sidebar, and the built in functions
3. Navigate back to the highlighted area over Munich, Germany
3. Use the built in functionality, legend, or any other tool to attempt to determine 
percentage of coniferous forests for the highlighted area in 2000, 2006, 2012, 
and 2018
4. Fill in the percentage for each year in the response options below.
5. Once you are done, feel free to examine the rest of the application.
6. Continue to the next page

Percentage of coniferous forest cover for 2000 *

Percentage of coniferous forest cover for 2006 *

Land Cover/Land Use Time Series User Study https://docs.google.com/forms/u/0/d/17_PeJzRZhmJ_hEsu71e0ziFH-Xd...
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7.

8.

Application link
129.187.45.33/TimeServer/userstudy.html

9.

Mark only one oval.

Highly disagree

1 2 3 4 5

Highly agree

10.

Mark only one oval.

Highly disagree

1 2 3 4 5

Highly agree

Please answer the following questions
based on your impression of the
application.

A link to the application has been provided 
again below to help aid in answering the 
questions

Percentage of coniferous forest cover for 2012 *

Percentage of coniferous forest cover for 2018 *

I was able to complete the task with the built in functions of the application *

I understood how to use the application *

Land Cover/Land Use Time Series User Study https://docs.google.com/forms/u/0/d/17_PeJzRZhmJ_hEsu71e0ziFH-Xd...

5 of 8 9/27/2021, 3:13 PM

E. USER STUDY SURVEY

88 Jesse Friend



11.

Mark only one oval.

Highly disagree

1 2 3 4 5

Highly agree

12.

Mark only one oval.

Highly disagree

1 2 3 4 5

Highly agree

13.

Mark only one oval.

Highly disagree

1 2 3 4 5

Highly agree

14.

Mark only one oval.

Highly disagree

1 2 3 4 5

Highly agree

I feel comfortable with the accuracy of my answers *

I was able to easily distinguish the changes to coniferous forest cover over time
with the application *

I had all of the tools necessary to correctly answer the questions *

I could understand how the forest cover has evolved over time in the study area
*

Land Cover/Land Use Time Series User Study https://docs.google.com/forms/u/0/d/17_PeJzRZhmJ_hEsu71e0ziFH-Xd...
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15.

Mark only one oval.

Highly disagree

1 2 3 4 5

Highly agree

16.

Mark only one oval.

Highly disagree

1 2 3 4 5

Highly agree

17.

Mark only one oval.

Highly disagree

1 2 3 4 5

Highly agree

18.

Mark only one oval.

Highly disagree

1 2 3 4 5

Highly agree

The tools to view changes over time are easily accessible in the application *

The application is intuitive *

I think the application could provide more tools to view changes to the land
cover over time *

I would use information from visualizations such this application to help shape
my understanding of the changes to our earth *

Land Cover/Land Use Time Series User Study https://docs.google.com/forms/u/0/d/17_PeJzRZhmJ_hEsu71e0ziFH-Xd...

7 of 8 9/27/2021, 3:13 PM

E. USER STUDY SURVEY

90 Jesse Friend



19.

Mark only one oval.

Highly disagree

1 2 3 4 5

Highly agree

20.

Mark only one oval.

Highly disagree

1 2 3 4 5

Highly agree

21.

This content is neither created nor endorsed by Google.

I can grasp the changes occurring over time to earth when viewing interactive
land cover maps such as this prototype *

Using an interactive web visualization has advantages over other formats such
as static maps, reports, and other graphics. *

Do you have any other suggestions for possible features? *

 Forms

Land Cover/Land Use Time Series User Study https://docs.google.com/forms/u/0/d/17_PeJzRZhmJ_hEsu71e0ziFH-Xd...
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