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Abstract

The frequency of natural disasters increased measurably in recent years. As a result of the growing world
population and the trend towards urbanisation, the effects on the environment and the society are
becoming more serious. The investigation of vulnerability, risks and hazards should therefore be an
essential part of disaster preparation and response, as well as spatial planning strategies. The aim of this
master thesis is to address some of these elements with an investigation of anthropogenic influences on
the extent and severity of natural disasters. This should be achieved by determining potential correlations
between the sealing of the soil alongside the Danube River in Austria and the extent of the 2013 flood
events. The analyses of this thesis are based on the geographic citizen science project FotoQuest Austria
(FQA), conducted by the International Institute for Applied Systems Analysis (IIASA). The results of
this campaign are processed and prepared in order to produce a suitable map of sealed surfaces in the
research area. For determining the quality and accuracy of this crowdsourced data, the same analyses
are conducted with traditionally generated open data. Although the results of the FQA campaign show
good agreements with comparable established land cover datasets, the quantity of data is still matter for
improvement. Recommendations for improving data quality are provided, so that geographic citizen
science evolves into a reliable source of information for urban planning and disaster management.

Die Häufigkeit von Naturkatastrophen hat in den letzten Jahren stark zugenommen. Aufgrund der
steigenden Weltbevölkerung und Verstädterung, werden die Auswirkungen auf die Umwelt und die
Gesellschaft immer gravierender. Die Untersuchung von Angriffsflächen, Risiken und Gefahren sollten
daher integraler Bestandteil von Katastrophenmanagements und der Raumplanung sein. Das Ziel dieser
Masterarbeit ist es einige der genannten Elemente zu bearbeiten, indem die menschlichen Einflüsse auf
die Ausbreitung und Schwere von Naturkatastrophen untersucht werden. Erreicht werden soll dies
mittels der Bestimmung möglicher Korrelationen zwischen der Bodenversiegelung entlang der Donau
und den Überflutungsflächen des Hochwassers von 2013. Die Analysen dieser Arbeit basieren auf dem
Citizen Science Projekt FotoQuest Austria (FQA), durchgeführt vom Internationalen Institut für
Angewandte Systemanalyse (IIASA). Diese Ergebnisse werden so bearbeitet, dass eine passende Karte
aller versiegelten Flächen im Untersuchungsgebiet entsteht. Um die Qualität und Genauigkeit der Daten
festzustellen, werden die gleichen Analysen auch mit traditionell erstellten freien Daten durchgeführt.
Auch wenn die Ergebnisse des FQA Projekts gute Übereinstimmungen mit etablierten vergleichbaren
Datensätzen aufweisen, könnte die Datenmenge noch weiter erhöht werden. Weitere Empfehlungen für
die Verbesserung der Datenqualität werden am Ende dieser Arbeit bereitgestellt, damit sich die
geographischen Bürgerwissenschaften (Citizen Science) in eine verlässliche Informationsquelle für die
Raumplanung und das Katastrophenmanagement entwickeln können.
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1. Introduction

“A prudent person foresees the danger ahead and takes precautions.
The simpleton goes blindly on and suffers the consequences”
Book of Proverbs 27:12, Old Testament

For merely 4.5 billion (thousand million) years, planet Earth has been shaped by dynamic and random
processes. Every part of it, we now observe and describe, was created purely by this unbiased system
which is now called nature. It triggered all geophysical events, just like climatic warming and cooling,
earthquakes, floods, landslides, sea-level risings, volcanic eruptions and wildfires. The “only” victims
of these events were the prevailing flora and fauna [ALC-02]. For millions of years, different kinds of
lifeforms developed and became extinct due to predators, pandemics or serious changes in their
environment. This could comprise amongst others acid impact on the oceans, long glacial periods
(e.g. snowball-earth), but also external sources of danger just like meteorite strikes. According to several
scientific sources, there has been five major and several minor extinction events, which led to a severe
mass disappearance of animals and plants [ALR-08]. The five most mentionable events are:
 The Ordovician-Silurian extinction happened approximately 450 million years ago (mya) and
eliminated about 85% of all Ordovician species [BRT-16d]. This makes it the second most deadly
extinction event in history (of which science currently knows about). The catalyst is yet to question
but theories suggest sudden glaciation, volcanic activities or a gamma-ray outburst.
 The Devonian extinctions occurred about 360 mya and were a series of several global extinctions
[BRT-16a] that focussed on the maritime lifeforms. The latest of these events was responsible for
the elimination of more than 50% of the Earth’s species. Possible reasons are rapid climate changes,
excessive sedimentation, the loss of nutrient matter or a meteorite strike.
 The Permian-Triassic extinction took place about 250 mya and is the deadliest of all the listed events.
It is responsible for the elimination of approximately 95% of marine species and about 70% of
terrestrial species. The duration differs (dependent on the study) between 200,000 and 15 million
years [BRT-16e]. Possible causes comprise of temperature crises, changes in the carbon cycle,
methane-hydrate gasification, volcanic events or the inevitable impact event.
 The Triassic-Jurassic extinction occurred around 200 mya ranks fourth in the most deadly
extinctions. About 75% of all species demised. Due to this event, the dinosaurs were able to become
the most dominant animal on the planet [BRT-16b]. Possible reasons are considered in theories about
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sudden climate changes, the release of great amounts of CO2, massive volcanic activities or meteorite
strikes.
 The Cretaceous-Paleogene extinction event, formerly known as KT-extinction, took place about 65
mya and is the most famous of all the mentioned events. It was responsible for eliminating about
80% of all living species [BRT-16c]. One of the well-known consequences of this event is the
extinction of nearly all dinosaurs on Earth. This enabled the development of smaller mammals, which
led to the evolution of modern humans. Theories suggest that the main reason for this extinction was
an impact event on the Mexican peninsula Yucatan.
It is therefore quite obvious that there had always been different kinds of natural disasters in Earth’s
history. These major or minor catastrophes kept on threatening the existing lifeforms and either
eliminated them or forced them to assimilate or relocate. This fascinating research area shows the
importance to know, how the early species coped with these events. Nonetheless, the main focus of this
master thesis lies on the effects of disasters on modern day humans.
Only a few millions ago, the first hominids evolved in Africa. The ancestors of today’s apes and humans
developed in parallel, until approximately three mya the first bipedal “Homo” appears in eastern Africa.
The Homo habilis was the first of our ancestors who was able to create stone tools and use them. The
Homo erectus was the next step of modern day humans and the modified physique enabled it to cover
great distances, even beyond the African continent. The Homo heidelbergensis appeared about 600,000
years ago and developed a similar body structure to the Homo sapiens. All this time in the evolution of
this species, the hominids had to adapt to changes in landscapes, climate or food availability. They
invented new ways of hunting, gaining food, creating tools and shaping the natural scenery. And in this
period, the human presence transformed normal geophysical events (e.g. earthquakes, floods, landslides,
storms, wildfire, etc.) into natural disasters [ALC-02]. This transformation “occurred simultaneously
with the appearance of the human system, when human beings began to interact with nature […]” and
when the “[…] evolution of humans left behind the age in which only nature existed”
[ALC-02]. Catastrophic events do happen eventually, but the disaster follows because of anthropogenic
interaction or rather the lack of it [WIS-01]. From this period on, every geophysical event or meteorite
strike would have had an impact on human societies and their development. In this time of human and
natural evolution, the dynamics of natural hazards evolved.
Due to this very specific development, it is clear why certain events are called disasters. But what are
the reasons for a disaster? To answer this question, it is necessary to know the definition of the term
first. In certain religions or cults, catastrophic events are responses from the gods and the stars. This
kind of view is not as unrealistic as it seems, because the word “disaster” derives from the Greek term
for “bad star or planet” and refers to an unfavourable constellation of celestial bodies [ETY-16a]. In
scientific terms, a disaster is “a sudden, calamitous event that seriously disrupts the functioning of a
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community or society and causes human, material, and economic or environmental losses that exceed
the community’s or society’s ability to cope using its own resources”, according to the International
Federation of Red Cross and Red Crescent Societies [IFR-16]. The most commonly used term is natural
disaster, but catastrophic events can be natural, man-made or a combination of both. The geophysical
and anthropogenic influences in the disaster extent, damage or frequency however are matter of the
following second chapter.
The number of catastrophic events which qualify as a natural disaster has risen over the last few decades
and the need for a comprehensive disaster management grew, because every emergency response agency
knows: after the disaster is before the next disaster. Because of this recurring theme, the concept of preevent planning for post-event recovery has been developed in the late 1980ies. This led to the use of the
Disaster Management Cycle (DMC) in disaster risk management. It comprises phases like disaster
response, recovery, mitigation, risk reduction and preparedness.
This master thesis will focus on the phase of flood risk reduction, so possible future consequences of
such catastrophic events may be abated. In this case, not only coastal areas are affected because of the
rising sea level, but also river basins all over the world. The flood volume and the extent of damage
caused are also increasing as a further consequence. The research of this thesis should offer valuable
clues to the extent and distribution of endangered areas in case of a flood in the research area, the Danube
River in Austria. The last bigger spate in Austria and Central Europe took place in June 2013 and was
caused by heavy rainfalls. Only due to the improved protection facilities after the catastrophic flood
from 2002, the extent of the damage was able to be kept within a certain bearable limit.
In the last decades, more and more people moved to cities and to coastal areas. This increases the chances
to be more affected by catastrophic flood events. It is important to develop faster and better ways to
receive suitable information during, after and before the event to reduce the risk for the next time. With
the help of modern remote sensing technologies and voluntarily generated geoinformation, realised by
the International Institute for Applied Systems Analysis (IIASA), it should be possible to determine the
extent of vulnerable regions in the research area due to their level of soil sealing and flood protection.
Citizen science and VGI should be presented as fast and economic alternatives to generate and assess
information. There is no professional training needed and its usability can easily be adapted to different
kinds of catastrophes. The combination of these approaches, remote sensing technologies and different
sources of additional data can facilitate the autochthonous methods of coping with disasters.
Nobody can protect oneself absolutely from disaster and because of that, it should be logical, that every
scientific branch that can contribute their knowledge and tools to improve risk reduction and disaster
response, should do so. In the following chapters, the author of this thesis will investigate faster ways
of detecting the location of possible flood hazard zones and how this information can possibly be used
to reduce the risk by implementing this data into urban planning policies.
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1.1. Problem Description and Goals of the Thesis

Based on this thematic background, the main objective of the thesis is to highlight the usability of
geographic information science in the field of disaster management and risk prevention. The scientific
passion of this thesis’ author is to show, how the latest developments in modern remote sensing
techniques can improve current disaster management and urban planning, together with innovative
methods of data generation. We are currently facing a time, where the global climate is changing
measurably and the frequency of natural disasters is rising. The occurrences and effects of such
catastrophic events are often threatening highly populated areas and are even capable of influencing the
economic and social development of an affected region [BEL-14]. Poorer countries just like Georgia for
instance, owe about 70% of their human casualties and about 65% of their economic loss to climateinduced catastrophes [KOR-11]. Therefore it is an essential need for every disaster management agency
or rescue service to be able to work with adequate data and technologies, because this facilitates the
execution and the coordination of rescue missions.
Data which is remotely sensed and evaluated can provide a valuable source of information at each stage
of disaster management. This information can also provide experts and policy makers with objective
data sources for making decision and adapting urban planning strategies [JOY-09]. Remote sensing via
satellite-based systems and airborne photogrammetry developed intensively in the past few decades. A
number of sensors are already currently available (e.g. thermal or optical sensors, synthetic aperture
radar) and can be used during various disaster operations. This technology has the potential to generate,
prepare and provide data to “[…] assist risk reduction initiatives through identification of hazard zones
[…]” in a faster and more accurate way [JOY-09]. In combination with common geographic information
systems it offers the possibility to accelerate the data generation and to reduce any given inaccuracies
[HUY-14]. These methods of acquiring and assessing data should support research which mainly
concentrates on the detection of affected areas in case of a disaster and possible damages. The main
objective of this master thesis focusses on the detection of vulnerable areas close to the Danube River,
due to the imperviousness of the ground alongside of it.
Due to all sorts of climatic changes and anthropogenic interferences, the number of flood events
affecting densely populated areas rises every year. It seems inevitable for concerned decision makers to
adapt their land use regulations and their urban planning policies to these global changes. One approach
to tackle these challenges is to investigate possible linkages between the degree of soil sealing in the
research area and the correlation to the extent and damage of recurring flood disasters. The sealing of
soils can be described as the “permanent covering of the land surface by buildings, infrastructure or any
impermeable artificial material” [PIS-15]. The use of impervious materials near waterbodies or rivers is
increasing in developed countries. The consequences can vary from increasing number of flood events,

4

The Anthropogenic Factor of Natural Disasters

loss of flora and fauna or pollution. This increase of flood risk is the reason, why there is room for
investigation with technologies relating to geographic information systems, remote sensing and the
cartographic toolkit.
Along the mentioned research possibilities, there are several sub-questions that occur during the
analyses. Questions like: if there is a linkage, how does it affect the damages? Are there other possible
ways to investigate these questions? To what extent can citizen science and VGI complement satellite
or photo assessments? This last issue also leads straight to the next problem, which will be discussed in
the course of this thesis. To be able to investigate the possible linkages between soil sealing and the
extent of the flood event in 2013, a lot of information has to be acquired. Traditional research could
either focus on a very small area or contents oneself with very imprecise examinations of bigger areas.
One possible solution is to outsource the task to lots of volunteers, which take their place as human
sensors and contribute the required data, albeit not being scientifically trained in this field of research.
This specific method is called crowdsourcing. Referring to its use in disaster management and risk
prevention it is defined as “using the power of the internet and social media to “virtually” harness the
power of individuals and bring them together in support of a disaster” [RIC-16]. If there is a huge amount
of data involved, the assessment and interpretation of this information can take ages with common
remote sensing techniques. Crowdsourcing and its geographic derivatives VGI (volunteered geographic
information) and citizen science can produce, assess and interpret loads of information through nonexpert volunteers, which take the place of sensors, software or qualified professionals. The motivation
for such a cooperation could be incentives like money, vouchers, co-authorships in publications or in
case of a disaster, the altruistic wish to help those who suffered.
This thesis wants to point out possible linkages between soil sealing and the extent and damages of a
flood in urban areas, so planning agencies and policy makers can possibly adapt their regulations.
Another aim of this thesis is to point out the anthropogenic factor of flood disasters in the research area
and how it can be mitigated. Possible weaknesses in current flood risk management and flood protection
may also be addressed as well as the benefits of using geographic citizen science to assess the situation
and help improving the availability of information for the responsible authorities.
Crowdsourcing and its derivatives can be an enrichment not only for policy makers and disaster response
agencies, but also for the assessment of possible risk factors and potential adaptions through planning
officers. The expected results of this master thesis should help local authorities and other official bodies
with their urban planning strategies in densely populated areas. These findings should offer a useful
contribution for the improvement of flood risk management or risk reduction, and point out the strengths
and weaknesses of the research approach.
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1.2. Research Questions and Hypotheses

To solve the listed problems and realise the quite ambitious objectives, several separated analyses have
to be done. To facilitate these tasks, the main higher-level question had to be split up into numerous subquestions and hypotheses. The main title of this master thesis is based on the general research question
and can be extensively specified as:

“The anthropogenic factor of natural disasters – can data from citizen science projects determine
possible correlations between sealed surfaces alongside the Danube River and the extent and
damage of the flood disaster in 2013? How can these results improve official urban planning
strategies and disaster management?”

Answering this extensive thematic block requires small analytic steps, which are based on the following
working questions. They will be answered and adapted step by step in the course of this thesis:

“How can new technological achievements in the field of remote sensing, image processing and data
acquisition (e.g. geographic citizen science) contribute valuable improvements in the field of disaster
response and flood risk management?”
“Are there possible linkages measurable between the imperviousness of the soil and the flood extent
during the 2013 inundation of the Danube River in Austria?”
“If there is a strong linkage between soil sealing and the flood extent, how does it affect the resultant
economic, environmental and social damage?”
“Which methods to investigate possible linkages were used by other studies? Did they succeed to
analyse the imperviousness of the soil with satellite data or are ground photos more accurately?”
“To what extent can crowdsourcing and its derivatives citizen science and volunteered geographic
information complement traditional satellite or ground photo assessments?”
“Which additional data is necessary in addition to the FotoQuest Austria data to measure and
quantify the link between (impervious) land cover and flood extent? Is there open-data available?”
“How difficult is it to integrate and obtain additional factors such as elevation and the use of
(portable or permanent) flood protection into the analyses?”
“Which are the best ways to ensure the quality and the accuracy of the contributed information?”
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“Can geographic citizen science comply with the data quality of traditional land cover classification
methods?”
“Which method is the best way to investigate the potential correlations between soil sealing and
flood extent: the relatively new geographic citizen science or the more traditional data processing
methods?”
“What are possible fields of application for the results of the analyses? How could it help local
authorities to manage urban planning strategies in densely populated areas?”
“How can policy makers and rescue agencies benefit from the analysed results before, during and
after a flood event referring to disaster response? What are the possible improvements referring to
risk prevention or preparation?”

To check the research question and its sub-questions on their validity, the following hypotheses were
formed. According to the Merriam-Webster dictionary [WEB-16], a hypothesis is a “tentative
assumption made in order to draw out and test its logical or empirical consequences” and it is an
elementary part of an analysis. A hypothesis is based on former experiences and is not satisfyingly
proven. In this case, the hypotheses reflect the most important parts of the given research question,
which hopefully will be confirmed or verified as a result of this thesis:

“There are significant correlations between the sealing of the ground alongside the Danube River
and the resultant extent and damage of the flood in 2013.”
“Geographic citizen science and volunteered geographic information can complement the
assessment of satellite imagery and ground photos.”
“The quality of crowdsourced data is sufficient and accurate enough to produce meaningful and
significant results.”
“The level of soil sealing derived from ground photos is correlated with the flood extent, flood depth
and the duration of the event.”
“The combination of remote sensing technologies and volunteered geographic information can
facilitate and accelerate the process of data generation, preparation and assessment.”
“Geographic citizen science and crowdsourcing in general, are helpful new methodical approaches
for the acquisition and interpretation of land cover data, which will become more important in the
near future.”
“Although citizen science is an interesting approach, traditional methods are still more accurate.”
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1.3. Structure of the Thesis

The structure of this thesis can be divided into four big parts: thematic background, data acquisition and
methods, data analysis and the presentation and interpretation of the results. The first chapter focusses
on an introduction and discusses the problems and scientific objective, as well as the research questions,
hypotheses and structure of the following chapters.
The second chapter comprises the theoretical part about the field of research. It will provide the
necessary background of basic knowledge about disaster management, floods and flood protection, soil
imperviousness and current research, urbanisation as well as information about crowdsourcing and its
derivatives geographic citizen science and volunteered geographic information.
The third chapter deals with data preparation and the used methodology. All aspects of the data
acquisition will be closely examined. Methodology covers all the technology, software and techniques
which will be used throughout the analyses. The quality management and accuracy assessment ensure
the correctness of the information by comparing it to established datasets. The performance of an
automated supervised classification in the research area, based on satellite imagery, is the basis for
further analyses and comparisons throughout the course of the thesis.
Chapter four includes the actual data analysis. There will be investigations of the soil imperviousness
alongside the Danube in the research area, a comparison of the different classification approaches from
the FotoQuest Austria campaign (field studies and ground photos) and the supervised classification
(assessment of satellite imagery) and the use of traditionally generated data like elevation and permanent
or portable flood protection from official bodies in order to determine potential correlations between the
sealing of the soil and the extent of the 2013 flood event.
The fifth chapter presents the results of the analyses and the interpretation. The strengths and weaknesses
of the methodical approach will be identified and clearly summarised. Improvement opportunities for
the use of geographic citizen science and recommendations or suggestions of possible applications in
the field of urban planning and disaster management will be highlighted and discussed briefly before
closing with a short conclusion.
After a final summary in the sixth chapter, the seventh chapter will complete this master thesis with an
extensive listing of all the data sources and published or online resources, used throughout the following
pages.
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2. Thematic Introduction

This master thesis consists of a wide variety of complex thematic blocks, which are necessary for
understanding the full significance, entanglements and interdependences of the possible correlations
between the imperviousness of the soil and the extent and damage of the 2013 flood event. But first it is
advisable to list a few definitions of standard terms and phrases, who may vary in their meaning and
usability, although they are sounding quite similar. The concept of disaster has already been explained
in the introduction and will be further discussed in the corresponding chapter about disaster management
and risk prevention.

2.1. Definitions

Hazard
According to the United Nations Office for Disaster Risk Reduction (UNISDR) [SDR-17b], the phrase
natural disaster is somewhat unsuitable and they would prefer the use of natural hazards instead. They
claim that disasters are consequences of natural hazards and they are measured by the effect they have
on human society. This aspect will be discussed in the following chapter about disaster management.
However, hazard is often defined as something that is dangerous [CAM-17c]. It is also an accumulation
of “elements of the physical environment, harmful to man and caused by forces extraneous to him”
[BUR-78]. It basically means, that every geophysical event is just a natural occurrence and only turns
into a hazard, when it threatens human life or property [GRV-01]. Hazards can be subdivided into
various types, according to the Central Board of Secondary Education [VAS-08]:
 Geological hazards: dam burst, earthquake, landslide, mass movement, tsunami, volcanic eruption.
 Water & climatic hazards: cloudburst, desertification, drought, flood, hailstorm, heat & cold waves,
landslide, tornado and hurricane, tropical cyclone, (sea) erosion, snow avalanche, tsunami.
 Environmental and biological hazards: deforestation, disease, environmental pollutions, food
poisoning, human and animal epidemics, pest attacks, pest infection, weapons of mass destruction.
 Chemical, industrial and nuclear accidents as well as other accident related hazards.
Nonetheless, some types are missing, which can also be seen as hazards. This comprises social elements
like behavioural changes, civil unrest, famines, terrorism, war and environmental elements like soil
degradation [WHI-01].
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Risk
Terms like risk, hazard or disaster often get confused with each other and therefore repeatedly misused.
In the normal common parlance, risk is defined as the possibility that something bad might happen, or
that someone or something creates a hazard [WEB-17c]. The concept of risk in the field of disaster and
hazard management however can be seen as a “function of the probability of the specified natural hazard
event and vulnerability of cultural entities” [CHA-94]. Just like the definition of hazards, risks only
occur when people or their property are involved. Therefore the level of risk consists of the economic
value of the property, the degree of vulnerability and the type of hazard [VAS-08]. There is an easy
example to clarify the distinction between hazard and risk. Two individuals are crossing the Atlantic
Ocean, where one travels in a big liner and the other one in a small rowing boat. “The main hazard (deep
water and large waves) is the same in both cases, but the risk (probability of drowning) is very much
greater for the person in the rowing boat” [FER-03]. Moreover, an earthquake is always a hazard, but
the risk is higher when it appears on land than on the ocean floor. A flood risk can consequently be
specified as the “combination of the probability of a flood event and of the potential adverse
consequence for human health, the environment, cultural heritage and economic activity associated with
a flood event” [ALF-15].

Vulnerability
The term vulnerability has already been used throughout this thesis several times and is normally used
when something is open to an attack or to damage, or when someone is capable of being emotionally or
physically wounded [WEB-17d]. It can be paraphrased as the susceptibility or the potential exposure to
danger. In the context of disaster and hazard management it is the concept of describing the “extent to
which a community, structure services or geographic area is likely to be damaged or disrupted by the
impact of particular hazards, on account of their nature, construction and proximity to hazardous terrains
or a disaster prone area” [VAS-08]. Due to the nature of this concept, some groups of the population are
more susceptible to danger than others, because of their age, class, disability, ethnicity, gender, wealth,
or (rather important in these troubled times) the immigration status. Similar to the definitions of risk and
hazard, vulnerability also implicates a correlation between natural events and society [WHI-01]. As one
of the key concepts in disaster risk reduction and climate change adaption, vulnerability is often
subdivided into its economical, physical, political and social components, as well as into the capacity of
resisting, coping with and recover from disasters. Vulnerability can be seen as the summation of
exposure, resilience and resistance. Although being so important, there is yet no clear consensus of the
final definition in the scientific world. The concept of vulnerability has emerged in the past few decades
[WHI-01] and is still under permanent change and adaptation.
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Capacity
The term capacity is mostly referred to as the “maximum amount or number that can be contained or
accommodate” [WEB-17a] and will be used in this thesis primarily in connection with the volume of
water bodies and the molecular level of soil science. The more thematic definition however describes
the concept of capacity as the combination of resources and strengths of a community which allows
them to prevent, prepare for, cope with, mitigate or recover quickly from a catastrophic event [VAS-08]
and strengthen its resilience. Capacity can be subdivided into its attitudinal, economic, physical and
social elements [MNE-17]. The economic capacity includes the economic situation and development of
an affected area as well as the income and wealth of individuals. Wealthier persons have the possibility
of building their houses in a safer place, out of stronger materials and are therefore more likely to recover
faster from a disaster. Physical capacity comprises the available communications technology,
constructions and engineering skills, equipment and infrastructure of a community. The social capacity
sums up the relations and interactions between the people of the affected community during and after a
disaster event. Attitudinal capacity deals with a collectivistic approach, where some people may fight
against certain strategies due to their cultural or religious belief.

Resilience
Resilience is not just the ability of a system to adjust to or recover from changes [WEB-17b], but also
one of the most important concepts in the field of disaster management and risk reduction. The term
resilience was first coined by Sir Francis Bacon in 1625 [EPB-13] in one of his books about natural
history. In the late 19th century resilience became the meaning of surviving the “application of force by
resisting it with strength […] and absorbing it with deformation” [EPB-13] in the field of industrial steel
processing. In the last centuries, resilience evolved from a legal term to scientific methods, mechanics,
psychology, anthropology, ecology, until it reached the field of risk reduction and climate change
adaption. Nowadays the term defines the capability of a certain system (e.g. communities), which is
exposed to a specific hazard, to absorb, resist and recover from the changes and consequences “in a
timely and efficient manner, including through the preservation and restoration of its essential basic
structure and functions” [ALE-13] through disaster and risk management. In short, it simply takes a
closer look whether an affected area is able to absorb a disaster or not [JOE-14]. This means, that a
community or society has to feature an optimal mixture of resistance to hazardous events and the
capability to adapt to them [UCL-13] in order to be fully resilient. Resilience is a multi-faceted concept,
which tries to encourage researchers to investigate the separation of dynamic adaption and static
resistance [ALE-13].
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2.2. Disaster Management and Risk Prevention

One of the main reasons why the author chose a topic, which is closely related to disaster management
and risk prevention, is the scientific research done by Professor David Alexander. He is the head of the
Institute for Risk and Disaster Reduction at the University College London and gave a lecture about the
key principles of emergency and disaster management at the Department of Geography and Regional
Research in October 2015. For him, the most common source of human misery are poverty, disease
epidemics, conflicts, displacements and disasters. He pins down the beginning of academic disaster
research (or “disasterology” as he calls it) with the Halifax cargo ship explosion (USA, Fig.1) and the
Silvertown ammunitions-factory explosion (UK, Fig.2), both in 1917 [EPB-17].
This implicates, that the modern era of studying disasters would celebrate its 100th anniversary in 2017.
Both tragedies were serious disasters, but only after the Halifax explosion a serious systematic analysis
of the disaster, its consequences and social regularities, had been carried out by the Canadian Samuel
Henry Prince [SCN-88]. Today, barely someone remembers the similar British disaster.

Fig.1: Halifax after the cargo ship explosion [MAS-16]
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Fig.2: Silvertown after the ammunition factory explosion [TEE-14]

From then on, the management and organisation of “resources and responses for dealing with all
humanitarian aspects of emergencies” [IFR-17] slowly evolved and improved. Professor Alexander
once stated, that the theory of disaster management enables people, to make sense out of chaotic
situations or higher levels of complexity. This is necessary in order to fully understand the phenomenon
of disaster [YTB-13]. It has already been explained in the former chapter, that disasters and hazards are
no natural events and that they materialise through human existence. Geophysical occurrences like
earthquakes, floods or volcanic eruptions are only trigger mechanisms. Human society’s choice to put
itself at risk, is really accountable for the disaster [YTB-13]. The intervention of humans in ecological
systems can turn a natural phenomenon into a disaster. Interactions with their environment can lead to
an increase in the frequency of natural hazards and even to the creation of new ones [ADP-17].
If the presence and interactions of humans create the concept of natural disasters, then why are they
called natural instead of anthropogenic? How can the nature be blamed for catastrophic events, which
are created, triggered and amplified by the people? Is it to ease ones conscience because of poor
planning, management or preparedness that took place in previous times? Whatever the initial cause for
this terminological development was, nowadays natural disasters comprise environmental,
meteorological and topographical events, and man-made disasters could occur due to industrial,
technological and warfare incidents. Today, mainly local governments, official emergency agencies or
international organisations are responsible for disaster management. Preventing and responding to
disasters however is such complicate complex, which cannot be only in the remit of public services, but
also have to be addressed by the broader public as well. Every citizen exposes himself or herself to the
risk of getting affected by disasters, and risk reduction or prevention is therefore everyone’s
responsibility. It should be everybody’s duty to contribute his or her share of collecting and assessing
data in order to mitigate current impacts or even prevent future catastrophes from happening.
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2.2.1. Disaster Management and Competence

A disaster is the profound disturbance of a community’s functional capability “due to hazardous events
interacting with conditions of exposure, vulnerability and capacity” which can cause effects on human
life or property, and damages the environment or economy [SDR-17b]. Bearing in mind the definitions
of hazard and vulnerability, the assessment of what qualifies as a disaster is culturally influenced as
well. Gravley [GRV-01] therefore states, that a disaster is the start of a dangerous event which leads to
a serious “damage or loss as perceived by the inflicted people”. Scale, frequency and velocity of a
disaster are dependent on social perception as a result of that. Disastrous events can test the capacity and
resilience of an affected community and point out their weaknesses and potential for improvement.
The following Figure (Fig.3) shows some of the most common phrases used in disaster management
and this master thesis as a word-cloud. In order to plan, organise and apply specific measures to improve
the response and recovering from disasters within a community, disaster management has to be
implemented.
According to the Federal Ministry of the Interior in Austria [BMI-17], disaster management refers to
the “entirety of all coordinated measures in the areas of disaster prevention, disaster preparedness,
disaster response, and recovery after disasters, including the ongoing evaluation of the measures taken
in these areas” and are part of the official civil protection mechanisms. Disaster management can
therefore be referred as the main official body of policy and governmental decisions that comprises the
pre- and post- planning and responding in case of a disaster. There is also emergency management,
which may overlap with the field of disaster management (and the terms are often used in a similar way)
but mostly concentrates on a smaller scale and may not lead to a profound disturbance of a community’s
functional capability or the deterioration of human health.

Fig.3: Word-cloud generated from terms and phrases associated with disaster
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One of the earliest (semi-realistic) examples of managing disasters has to be the biblical tale of the
Noachian Deluge. In this case, Noah has been warned of an upcoming flood and has time to prepare for
the disaster (building an ark), mitigate the effects on biodiversity (collecting two of each species) and
recover from the flooding (landing on Mt. Ararat) [COP-06]. This may seem like a questionable
example, but it shows that the different phases of the Disaster Management Cycle are valid since the
earliest days of human civilisation. In every advanced civilisation, some form of adapting to potential
hazards occurred.
The modern version of disaster management however “did not emerge until the mid-20th century”
[COP-06]. Mainly as a response to certain disasters, affected governments started to take over the role
of responding to disasters and trying to prevent them. This may have happened due to “advances in
warfare technology” and in “response to the threat posed by air raids” in the two World Wars [COP-06].
Some of today’s disaster management agencies can trace their roots back to civil defence units, which
were implemented during or after World War II (e.g. Algeria, Canada, France, United Kingdom and
United States of America) [COP-06].
Whenever such a disastrous event happens, a fast and effective way of coordinating and executing rescue
missions in the affected area are vital to safe as many lives as possible. In many cases, laws and
regulations that regulate the legislation and responsibility of disaster management, can be quite complex
and antiquated. The legal framework concerning the response to, recovery from, and preparation for
disasters differs from country to country. In some countries (e.g. India), different ministries are
responsible for different types of hazards. This kind of decentralised responsibility can lead to conflicts
of competence and delays, without the backing of a supervised institutional framework.
The US-American Federal Emergency Management Agency (FEMA) for instance, was created in 1978
(as a derivative of the Federal Civil Defence Act of 1950) because of the huge losses of life, property
and infrastructure due to numerous disaster events in the past. They now use a framework for integrated
emergency management, which clearly regulates the responsibilities and functions of all three
governmental levels (local, state and federal) [MCL-85], which has been adapted constantly.
In addition to that, there are also a number of private and professional disaster management organisations
nowadays, which offer their services to local or municipal governments in order to adapt and improve
current management plans and train local rescue authorities. They help to adjust their planning and
strategies to the different occurrences of disaster (e.g. droughts, earthquakes, epidemics or pandemics,
floods, landslides, storms, volcanic eruptions, wildfires) and to the different phases of the Disaster
Management Cycle. Nevertheless, managing disasters forms just one facet of the whole circular process,
another one would be the reduction of disasters and risks.

15

The Anthropogenic Factor of Natural Disasters

2.2.2. Disaster Management Cycle

As already established, disasters are the result from combining the concepts of hazard, vulnerability,
insufficient capacity and risk reduction [VAS-08]. One of the most important statements in the early
period of pre-event planning for post-event recovery can be quoted as “after a disaster is before the next
disaster”. In order to take all possible measures, the traditional approach of only responding to disasters
had to be improved and extended [JOY-09]. Disaster Management now comprises also risk assessment
and reduction, emergency management planning and the implementation of early warning systems. Now
the three sections of catastrophic events can be identified as before, during and after a disaster. The
Disaster Management Cycle (DMC) then combines every potential measure which can be taken during
all of these sections [VAS-08] and forms the four phases: response, recovery, mitigation and
preparation. These initiatives can overlap, interlock or merge with each other.
The separation into four phases is the most common version of the Disaster Management Cycle today.
There are however several variations of how to manage disasters in different countries, based on their
different cultural, political, social or topographical demands. The current four phase management cycle
is a modern approach to highlight, plan and organise the vast range of initiatives which take place
surrounding a disastrous event. It aims to reduce the negative effects on human life and property as well
as on infrastructural facilities and social functionality.

Fig.4: The Disaster Management Cycle

According to the illustration of the DMC (Fig.4), everything starts with a triggering event, in this case
a natural disaster. Afterwards follow the four phases of disaster management:
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 Response: is the immediate reaction to a disaster in order to minimise the effects on a community
and its properties, and to offer the essential assistance. At first, early warning systems should inform
the broader public about a potential forthcoming disaster. Next, the situation and needs have to be
assessed by coordination managers to ensure the smooth flow of the search and rescue of affected
persons and of first aid measures [FEM-16], to provide a certain disaster relief. Other short-term
activities include evacuation and protection of damaged buildings, bracing dams and riverbanks,
supply of temporary emergency shelters or transportation as well as the prevention of disease
outbreaks [JOY-09]. One of the main tasks of immediate disaster response is the provision of basic
medical or health resources and treatment, as well as the assurance of food supply and clean water.
 Recovery: The next phase, after the disaster and its effects were brought under control, is the recovery
and restoration of the affected community, social functionality and security, as well as damaged
buildings and infrastructure [BEN-16]. The main focus lies on the recovery of health and social
services or economic, environmental and infrastructural systems [FEM-16] in order to allow people
to return back in their normal lives. Temporary housing, financial support, psychological and medical
treatment have to be provided by the governing institutions or other organisations quite rapidly. In
the course of developing and reconstructing new housings (for people to repatriate) and
infrastructure, first steps for a damage assessment and cause-analysis have to be taken in order to
facilitate disaster risk reduction and prevention for the next time.
 Mitigation: The third phase of the Disaster Management Cycle comprises all efforts which try to
permanently minimise and reduce the negative effects of the next disaster. It includes the elimination
of “the likelihood or the consequences of a hazard” [COP-06] and the limitation of certain impacts
on human lives and economic development. Disaster mitigation consists of the identification and
reduction of hazards, the analysis and reduction of risks and vulnerability as well as prevention
activities. Other mitigation aspects are the adaption and improvement of spatial planning strategies
or building regulations and zoning.
 Preparation and Prevention: The fourth phase of the DMC is often referred to as the phase of
preparedness and readiness. The idea is to set up programmes and plans to coordinate multisectoral
activities and measures, which try to “strengthen the technical and managerial capacity of
governments, organizations, and communities” [GDR-17]. It also includes “equipping people” with
skills and tools and enable them to help affected people in need during and after the next disaster
[COP-06]. Preparedness comprises the development and adaption of certain standards and legal
regulations, the building of managing capabilities, the upgrade of communication systems and
educational programmes and the coordinated interaction with the media [SGA-14].
It is obvious, that these four phases of disaster management are closely related and interconnected. They
cannot be separated and are ideally integrated into planning processes and strategies [JOY-09].
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Some studies try to refine the disaster management process by implementing remote sensing techniques
to each phase of the cycle. Researchers from New Zealand considered every aspect of disaster
management and incorporated remote sensing into all activities, which reduce risks and increase the
preparedness in order to improve disaster management and citizen participation [JOY-09]. This
approach facilitated the provision of spatial, spectral and temporal information significantly.
Sometimes, however, the concept of relying on one’s own version of the Disaster Management Cycle is
subject of discussion, especially after the phases of response and recovery have failed. In certain cases,
disaster management can fail and therefore lead to more catastrophic consequences than necessary.
The degree of preparedness can decide whether an event becomes a disaster or not. One example of
failed preparedness and poor disaster response was one of the most extreme storm events in modern
history. Hurricane Katrina represented one of the deadliest and most expensive natural disasters in the
USA [NHC-11]. During and after the hurricane, poor federal flood protection, incapable coordination
and management, as well as slow and delayed evacuation processes led to heavy criticism of the Federal
Emergency Management Agency (FEMA). Some emergency agencies were deliberately slowed down,
only to wait for the petty bureaucratic process to begin. Private initiatives and voluntary help
(e.g. evacuation helpers, water suppliers and communication services) were turned down, because they
were not officially authorised by the head of FEMA.
In the humoristic “Daily Show”, Jon Stewart commented these controversial actions by asking "What
should FEMA have done? Perhaps the answer can be found on their website. This chart, clearly depicting
the agencies responsibilities in the event of a disaster. It begins with a response to a disaster, leads to
recovery, mitigation, risk reduction, prevention, preparedness… and ends up back in disaster! In truth,
FEMA did exactly what they said they were going to do” [CCE-15]. This may seem like a sarcastic view
on a federal agency’s failure, but it also highlights the problem of the communication between
governmental policy or decision makers and the broader public. The illustration (Fig.5) may wrongly
implicate, that every form of response by FEMA will lead to the next disaster, but the events surrounding
Hurricane Katrina could give the impression that it may be true. This whole episode of disaster
management failure indicates that the top-down approach will
never work without public participation. Potential forms of public
participation could comprise of geographic citizen science,
volunteered geographic information or voluntary help and
assistance.

Fig.5: FEMA Disaster Management Cycle 2005 [PBZ-05]
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2.2.3. Current Situation of Disaster Management

Disaster Management is an essential area of responsibility for every sovereign nation. Sometimes the
extent and severity of a catastrophic event goes beyond the response capability and management
capacity of a government. In these cases, international aid is required. Until the early 1990s, disaster
response was mostly spontaneous, individual and often chaotic [COP-06], which led to a general demand
for an institutionalised process. This international version of disaster management is nowadays
coordinated by the United Nations Office for Disaster Risk Reduction (UNISDR) [SDR-17a], which
organises discussion forums and legal frameworks, but also campaigns for resilient cities, sustainable
development, educational programmes and public awareness. The newest framework for international
disaster management declared three strategic objectives to reduce human, environmental and economic
loss through disasters [SDR-15]:
 effective integration of disaster risk reduction into spatial planning and official policies, enhancing
the importance of the four phases of the Disaster Management Cycle [COP-06]
 elaboration and improvement of management capacities and mechanisms at all governmental levels,
focussing on the establishment of resilience within an affected community [COP-06]
 systematic integration “of risk reduction approaches into design and implementation of emergency
preparedness, response, and recovery programs” [COP-06]
However, throughout the past few decades there were a number of occasions, where international
disaster management functioned badly or failed totally. The events referring to Hurricane Katrina were
quite an illustrative example for poor leadership quality on a national level during and after a disaster.
The next sections however, concentrate on bad or missing disaster management on an international level,
where the global community of states failed to respond in an effective and quick way.
One famous examples for inadequate disaster management took place in Guatemala in 1976. An
earthquake with a magnitude of 7.5 on the Richter scale caused approximately 23,000 casualties and an
economic damage of nearly 18% of the nation’s gross domestic product [WBG-13]. The first tremor
occurred in the early morning of February 4th and many of the fatalities died in their collapsing houses,
which barely met the building regulations or planning strategies. Narrow streets and several aftershocks
increased the number of deaths. Another contributing factor was the long wait for the local government
to call for international help. This led to a chaotic and uncoordinated private disaster response, which
provoked further deaths and injuries. International aid then started slow and insufficiently. In the
aftermath of the Guatemalan earthquake, first requests were made for an institutionalised framework of
national and international disaster management, which led to the foundation of UNISDR in 1999.
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Another more recent example for poor international disaster management were the Mozambique floods
in 2000. Heavy rainfalls lasted for several weeks and caused serious inundations of urban and rural
areas. These events resulted in more than 700 casualties. The total economic loss of the south-east
African country was estimated to exceed 2 billion (thousand million) US-Dollar, which corresponded
to approximately 40% of the nation’s GDP at that time [WBG-16]. The first international aid (from the
neighbouring country South Africa) arrived nearly two weeks after the first cities were deluged
[COP-06]. At that time, every donation appeal of the United Nations Organisation was ignored by the
international community of nations. It took more than three weeks for the first international aid workers
to arrive and provide assistance [COP-06]. One form of support for the government of Mozambique at
that time, was the postponement or cancellation of debt payments by wealthier nations [REL-00].
Sometimes, poor disaster management is caused by a lack of preparedness and information, or by the
lack of interest by the international community. Some of the reasons could be geographical isolation or
missing media coverage. Wealthier nations sometimes also suffer from a certain kind of donor fatigue
[COP-06], or the tiredness of constantly donating money to disaster zones. The Mozambique flood in
the year 2000 is one of the most famous examples of a situation “in which the international community
has been accused of sitting idly by as hundreds of people died” [COP-06].
The lack of preparedness due to missing information is one of the cornerstones of this thesis and one
aim is to point out possible fields of application for crowdsourced data and public involvement,
regarding pre-disaster urban planning strategies and post-event disaster management. In order to
mitigate the effects of a prevailing and upcoming disaster more effectively, the community’s hazards or
vulnerability have to be assessed and re-evaluated shortly after an event [WIL-07]. Based on the research
findings, there is a potential for adapting local regulations of buildings, land use, reconstructions or
zoning. The collaboration of governmental levels, nongovernmental and private organisations, academic
institutions, media representatives and the broader public is thereby an essential factor.
Some research institutes already collaborate with governmental bodies on a wider scale. The Cascading
Disaster Research Group at the University College London [UCL-17] for instance, started a project with
the official office of resilience in London, for the purpose of integrating potential progressive disasters
in the city’s response and preparedness strategies and contingency planning. The main goals are the
assurance of urban electricity supply and the implementation of the theory of cascading disaster.
Other ways to contribute crucial information in the course of a disaster are private and non-governmental initiatives like Ushahidi [USH-17]. This platform was created during a political dispute in Kenya
in 2007 to visualise geospatial information. Soon afterwards it became a valuable tool for crowdsourcing
information during events like the Haiti earthquake in 2010 or the floods in Australia in 2011. Ushahidi
and OpenStreetMap (OSM) are the main pioneers of collaborative mapping and will be referred to and
relied on throughout this master thesis.
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2.2.4. Risk Prevention and Reduction

One of the international strategies, which were implemented before UNISDR was founded, demanded
from its member states that the prevention of disasters and risks have to be considered as one of disaster
management’s major principles [COP-06]. The interconnected prevention and reduction of risks should
be an integral part of official spatial planning strategies and policies, no matter which governmental
level they belong to.
The prevention of disasters and risks comprise all efforts and measures to eliminate possible risks, in
order to hinder future disaster damages and losses. Preventing risks is realised by reducing the exposure
and vulnerability of an affected area to the minimum. This could comprise the construction of dams or
retaining walls, the regulation of planning and zoning, as well as earthquake-resistant buildings
[SDR-17c]. The latter could be implemented by specific and sufficient training of civil engineers,
adaption of building materials to local needs and appropriate scheduling [HUY-14].
As some risks cannot be prevented entirely, the next best aim is to reduce it to the smallest possible
extent. As already stated, risk may be described as the function of hazards and vulnerability. In this case,
reducing disaster risks is defined as a decreased effect of future catastrophic events on communities and
the prevention of new risks [SDR-17c]. Because of the importance of this concept, distinguishable
approaches have emerged, like disaster risk reduction and disaster risk management. Several policies
and frameworks were developed globally to meet the addressed requirements (e.g. International Strategy
for Disaster Reduction). The United Nations Development Programme even states, that there are strong
linkages between anthropogenic development and disaster risk: “Any development activity has the
potential to either increase or reduce disaster risk” [UND-04]. In future scenarios, the concepts of
disaster risk reduction, climate change adaption and human mobility will converge and become one vast
and essential research field [ALE-16]. Organisations like UNISDR are therefore constantly working on
the adaption of their international disaster and risk management frameworks, so that they comply with
the prevailing situations. One example is the Sendai Framework [SDR-17d] for 2015-2030. Its reason
for existence is based on the need for understanding “disaster risk in all its dimensions of exposure,
vulnerability and hazard characteristics” [SDR-15b]. The four main priorities of the framework are:
correct conception of disaster risk, support of risk governance in order to manage disaster risk, reduction
of risks for building resilience and improve disaster preparedness and response.
The prevention and reduction of risks have to be applied to specific sub-types like flood risk and flood
prevention, which will also be of major importance for the final analyses in this master thesis.
The next chapter therefore focusses on the explanation of floods, their causes, historic events, vulnerable
areas, effects and consequences, as well as potential prevention and portable or permanent protection.
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2.3. Floods and Flood Protection

Since there is water on the Earth, there have been flood events. The Earth is called the “blue planet”,
because about 71% of its surface is covered with water in all its states of aggregation. This comprises
rivers, lakes, glaciers, icecaps, saltwater oceans, water vapour, soil moisture as well as the flora and
fauna [USG-16]. Water is a unique substance, because it appears in nature in all three states (liquid,
solid, gaseous). All lifeforms that ever existed on this planet, from the first single-celled one up to the
more sophisticated multicellular lifeforms, needed water to evolve and survive. But where did this
special and vital compound come from?
The origin of water on the Earth is still a matter of investigation. The most acknowledged theory says,
that after the formation of planets in this solar system about 4.5 billion (thousand million) years ago, the
main fraction of the water volume was added by giant impactors [FRA-01]. A small fraction of water is
believed to be added already during the formation of the planet by water-rich bodies. Some other studies
disagree with this theory and state that the water already arrived during the formation of the planet
[PHY-14]. Based on the waters chemical fingerprint, the deuterium-to-hydrogen ratio, scientists suggest
“a common source of water” for the Earth and the Moon, which both finally formed after the (still
hypothetical) giant impact of the protoplanet Theia and Proto-Earth around 4.3 billion years ago
[NAT-13]. In summary, the origin of the Earth’s water is either due to collisions with asteroids and
comets long after the planets formation or due to the actual planet-forming-process [PHY-14].
No matter which theory turns out to be the most plausible one, the amount of water provided is quite
extraordinary. It is now considered that there are roughly about 1.4 billion (thousand million) cubic
kilometers of water on the Earth. If all this water would form a sphere, its diameter would be around
1400 kilometers. The following figure (Fig.6) shows all the water on the Earth as perfect spheres
compared to the planet and the continents [USG-16]. The largest sphere with its diameter of 1400
kilometers represents all the water available. This roughly equates the linear distance between Vienna
(Austria) and Valletta (Malta). The second sphere with about ten million cubic kilometers represents all
the fresh liquid water which is available in the rivers, lakes, swamps or in the ground. Its diameter is
about 273 kilometers and would reach from Vienna to Bad Gastein in air-line distance. The third sphere
with only 93,000 cubic kilometers represents all the utilisable fresh water from rivers and lakes. The
diameter of this sphere is about 56 kilometers and approximates the linear distance between Vienna and
Bratislava (Slovakia).
The largest share in the global water distribution is taken by the saline water of oceans, seas and bays
with about 96.54%. On second place follows water in solid state (glaciers, snow, icecaps) with 1.74%.
Groundwater is on third place with 1.69%. All other water sources share the remaining 0.03%
[USG-16].
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As mentioned at the beginning of this chapter, flood events do happen since the existence of water on
this planet. Floods are therefore one of the oldest natural phenomena in the world, but what actually
qualifies as a flood? According to the Cambridge Dictionary [CAM-16a] a flood is a “large amount of
water covering an area that is usually dry”. The Council of the European Union explains floods in their
directives [EUC-07] as the “temporary covering by water of land not normally covered by water” which
includes “floods from rivers, mountain torrents, Mediterranean ephemeral water courses, and floods
from the sea in coastal areas, and may exclude floods from sewerage systems”. So if a usually clear
defined water body escapes its traditional confines, it can be called a flood event.
The word “flood” derives from the old English word “flōd”, has common roots with the German “Flut”
and refers to an inundation or an overflowing body of water. Similar sources could be the Sanskrit
“plavate” or the Greek “plynein”, which both can be translated as navigate, wash or swim [ETY-16b].
There are various causes of floods, different types and temporal extents, as well as numerous effects and
consequences of such an event. The following paragraphs will provide a short summary of the most
important elements and properties.

Fig.6: All the water on the Earth displayed as giant spheres [USG-93]
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2.3.1. Causes of Flooding

No matter what it is called, every flood begins with a corresponding hazard. Nearly every place on Earth
is exposed to this kind of danger. Even the most remote deserts can be threatened by a deluge of biblical
dimensions. There are a number of possible causes and certain factors, which can contribute to such a
flood event:
 The most common reason is heavy rainfall or precipitation in general. If the existing watercourses
do not have the capacity to convey excess water or the predominant soil type cannot absorb the
available water quantity, normally dry land areas will be inundated [AGA-17a]. The duration and
intensity can thereby vary intensely.
 Another possible cause for flooding is a strong wind (e.g. storm, hurricane, cyclone etc.) in coastal
areas, which can lead to a storm surge. This kind of rising water is a change in the water level caused
by heavy winds. A storm tide is the combination of a surge and the astronomical tide [NWS-16].
This flood type can occur wherever strong winds are blowing onshore. Just a few months ago, there
has been the strongest storm surge in the Baltic Sea since 2006, which affected numerous cities on
the German and Danish coast [FAZ-17].
 River overflows occur when the capacity of the river bed is lower than the available water volume.
When there is more water than usual upstream, the floodplains will be inundated [ESC-10].
A floodplain is an “area of flat land near a river that is often flooded when the river becomes too full”
[CAM-16b]. The reasons therefor can be heavy rainfalls, dam failure or unusual high amount of ice
and snow melting.
 Just like mentioned before, another possible reason could be a dam failure. A dam is a block or wall
across a river bed, to stop the flow and accumulate a certain amount of water for creating a reservoir
or generating hydroelectric power. Possible causes for failure could be bad construction standards,
excessive water volume, erosion, human error, sabotage, geological movement or other natural
disasters. One of the most devastating events was the failure of the Chinese Banqiao Reservoir dam
in 1975, which led to a human loss of more than 170,000 people [PEO-05].
 In most regions, the air temperature rises in spring and the snow layers start to melt. The surface
runoff fills up the groundwater reservoirs and provides vital drinking water. Sometimes the
temperature stays low and the snow does not melt in early spring. If it gets warmer and warmer in
late spring, the ice and snow start to melt at the same time the rainfalls get heavier. This could cause
snowmelt floods (in addition with reinforcing factors) just like the Alberta Flood in 2013 [AWP-17].
 A quite drastic cause for a flood event is a tsunami. The name derives from the Japanese word for
“harbour wave” and is defined as “an extremely large wave caused by a violent movement of the
earth under the sea” [CAM-16c]. This movement can be triggered through earthquakes, volcanic
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activities, mass movement or, on rare occasions, a meteor strike. After the triggering incident
happened, the waves do not increase their height dramatically in the deeper ocean. They start building
up when arriving in the shallower water of the coastal area [NOS-16]. The most commonly known
tsunamis happened 2004 in the Indian Ocean, with a total loss of approximately 250,000 people, and
the 2011 Tohoku catastrophe near Japan with a total loss just shy of 15,000 people and the tsunami
causing a major nuclear accident at the Fukushima power plant [GOT-11].
 The last possible cause of a flood on this list is a high tide coinciding with higher than normal river
levels [AGA-17a]. The tide is the regular rising and falling in the sea-level due to lunar and solar
gravitational forces. If this well-known phenomenon coincides with an increased river gauge, there
is an enhanced possibility for a flooding in the estuary area.
In addition to the mentioned possible causes of flood events, there are some factors, which can also
contribute largely to the general flood hazard [AGA-17a]. These factors comprise amongst others
[AGA-17a; BBC-16]: the capacity of water bodies, collateral weather conditions, concrete drainage
basins in urban areas, duration and intensity of rainfalls, lack of vegetation, spatial distribution, steepsided channels, surrounding topography and of course land cover.
Quite obvious, the contributing factor this thesis is most interested in, is the land or ground cover as well
as the imperviousness and the sealing of the soil, but more information about this later. The following
picture (Fig.7) from a small European town illustrates the consequences of such recent flood events
quite drastically. It was caused by heavy and long-lasting rainfalls all over the continent and nearly all
forms of soil or land cover were no longer visible. Besides the economic loss, the social and human
impacts were immense and unmeasurable.

Fig.7: Example for high water in Europe [NEW-16]
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2.3.2. Flood Types

There are several possibilities for classifying flood types, which are based on the origins of the flood,
the type of flooded area or on the rate of spread. This subsection discusses just a few of the most
important ones, which are commonly known. The following classification relies primarily on the
publications of the National Severe Storm Laboratory (NSSL), which is a department of the
US-American National Oceanic and Atmospheric Administration (NOAA) [NSS-16].
 Flash flood: the most indicative characteristics of a flash flood is the short period of time between
the triggering event and the inundation (normally less than six hours). Possible causes for such rapid
flooding are heavy rainfalls on not absorbable ground, snow melting, dam failure or tropical storms.
According to the NSSL, flash floods “[…] are usually characterized by raging torrents after heavy
rains that rip through river beds, urban streets, or mountain canyons sweeping everything before
them” [NSS-16]. Flash floods are a serious hazard, because they normally occur surprisingly and
with little warning. “As a result of these events the drainage system has insufficient capacity or time
to cope with the downpour” [AGA-17b] (see Fig.8).

Fig.8: Flash flood in Kenya [GEO-17]

Fig.9: Sight of a river flood in California in 2011 [IAM-13]

 River flood: this type of flooding takes place near rivers, streams or other flowing watercourses. The
inundated regions are mostly low-lying flat areas and often spread over many kilometers (Fig.9).
Possible causes are rainfall from tropical storms, stationary thunderstorms or a combination of
rainfall and snow melt. River floods develop at a slower rate than flash floods and could last for many
days or even weeks. Because of this slow on-set flood type, relevant warnings can be issued well in
advance.
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 Coastal and estuarine flood: similar to river floods, coastal or estuarine floods usually affect adjacent
low-lying areas. The inundation is often caused by “higher than average high tide and worsened by
heavy rainfall and onshore winds” [NSS-16] or by storm surges striking the coastal area. An estuary
is the waterbody of a river mouth and its boundary to the sea or river is based on the salinity. The
most serious types of coastal floods are tsunamis or tropical storms.
Figure 10 represents the aftermaths of such an event in Deep Bay, Hong Kong.

Fig.10: Coastal flooding of Deep Bay in Hong Kong [GET-17]

Fig.11: Devastation after a storm surge [CRH-10]

 Storm surge: just like mentioned before, a storm surge is one of the most “devastating hydrodynamic
features of tropical oceans that strike low-lying areas […]” [PAU-17]. They are caused by heavy
winds or tropical storms, which increase the usual water level in a coastal area and are therefore
closely related to the coastal flood. Storm surges can be compounded of low atmospheric pressure,
storm winds, co-occurring waves, heavy rainfalls and partly of the rotation of the Earth [NSS-16].
Figure 11 shows the Bolivar Peninsula after a serious storm surge.

 Inland flooding: According to the National Severe Storms Laboratory [NSS-16], an inland flooding
“occurs when moderate precipitation accumulates over several days, intense precipitation falls over
a short period, or a river overflows because of an ice or debris jam or dam or levee failure”. In contrast
to the other types of flood events, the inland floods do not occur exclusively near coastal or fluvial
areas. It can result when the surficial water volume cannot be conveyed through the capacity of
natural und anthropogenic drainage systems [CRT-16].
The following picture (Fig.12) was taken in the USA after Hurricane Floyd in 1999.
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Fig.12: Inland flooding after the Hurricane Floyd [CRT-16]



Fig.13: Urban flooding of the Ijssel River [UFL-12]

Urban floods: this flood type is a “naturally-occurring hazard”, which is characterized by the fact,
that it only affects cities or other populated areas. The urbanised nature of this battered regions is the
thematic centre of this type. The main cause of an urban flooding is the undersized capacity of the
local water drainage systems. As a result of the sealing of the soil, hardly any kind of precipitation
can trickle into the ground. The more land becomes urbanised, the higher is the resultant flood risk
[WEA-16]. An exemplary urban flood event is depicted in Figure 13, showing an inundation of the
Ijssel River in the Netherlands.
Thanks to the increased human mobility and the ongoing migration into the cities worldwide, the
number of people who are in danger of suffering flooding is increasing rapidly. A possible solution
to prevent the growing urban flood risk is an implementation of integrated water management. This
kind of “inter-disciplinary and intersectoral integration of the components of urban water, is a
necessary approach for achieving results in line with sustainable urban development” [TUC-07].
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2.3.3. Vulnerable Areas

Just like any other natural hazard, floods often result in human fatalities, damaged property and
economic or social loss [YAL-04]. All the different flood types accounted for nearly 43% of the global
weather-related events between 1995 and 2015 (Fig.14) and affected approximately 2.3 billion people
[REV-16a]. In financial terms, flood-prone areas show a 1% chance of being inundated every year
[FDF-17]. As indicated in previous chapters, some areas are more flood-prone than others and have an
increased flood risk. Therefore they feature a higher physical and social vulnerability. This concept is
regarded as the function of exposure, resilience and resistance. It is formed through economic,
environmental, political and social processes, which determine the degree of disruption by natural
hazards [SAD-17]. The measurement and assessment of vulnerability is challenging and not always
universally usable. There are a number of models and indices that try to evaluate flood-prone areas
(e.g. FVI [IHE-17]), but they often depend heavily on the affected society’s cultural development and
the prevailing topography.

Fig.14: Different types of global natural disasters by type from 1995 to 2015 (author’s illustration based on [REV-16a])

In simple terms, low-lying areas near rivers or other waterbodies are more susceptible to floods than
remote regions on a higher altitude. Only, it is way more complex than that. Many factors contribute to
the extent, frequency and damage of flood events, especially in urban and densely populated areas.
However, it is necessary to be able to detect, measure and assess flood risks and vulnerability because
of their potential in improving decision making and strengthening a community’s resilience. Some
established methods comprise the traditional deterministic modelling approach (physically based, linked
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to damage assessment) and the more recent parametric approach (uses existing information for assessing
vulnerability) [BAL-13]. Even though these complex methods offer a quick and comparable insight into
an area’s flood vulnerability, the limited level of detail and the high formal complexity prevent the
widespread usability in the field of policy making and urban engineering [BAL-13]. Other ways of
supporting spatial planning and disaster management, in order to decrease vulnerability and increase
resilience, have to be developed and applied.
The increasing frequency of flood events and the resulting damage of social functionality and urban
infrastructure indicate, that the implementation of flood risk management into local management
strategies has not progressed fast enough in the past decades [BUC-16]. Having said this, adapting or
changing the ancient human settlement habit is not a fast or easy process. For thousands of years, people
always erected housings near rivers, lakes or at the coast. The close proximity to these waterbodies
guaranteed fresh water supply and potential trading routes. For this reason, nearly every modern major
city is located near some form of waterbody. Insufficient spatial planning and an increasing rate of
migration into these cities (thanks to urbanisation and the associated sealing of the soil) raise the general
vulnerability and lower the capacity to cope with floods.
The exposure to rising sea-levels and frequent inundations due to climate change threaten millions of
people worldwide (Tab.1). The densely populated Netherlands are most vulnerable due to extensive land
reclamation in the past. The construction of flood protection measures is just a temporary solution and
will become more and more complicated and expensive in the future [EUC-17]. Referring to the absolute
values of an exposed population, China is far ahead with more than 50 million people affected
[CLC-14]. This major Asian country does not appear in the top five of the following table (Tab.1),
because the percentage of primarily vulnerable population in relation to the total population is only about
4%. In this context, the most vulnerable Chinese cities are Guangzhou, Shenzhen, Tianjin, Zhanjiang
and Xiamen [LSC-13]. Severe flood events could therefore have profound effects and consequences on
the millions of affected citizens, their property or on the economic performance of an entire nation.

Rank

Country

Exposed Population
(Rounded Values)
7,800,000

Percentage of National
Population Exposed
47 %

1.

Netherlands

2.

Vietnam

23,400,000

26 %

3.

Thailand

8,200,000

12 %

4.

Japan

12,800,000

10 %

5.

Myanmar (Burma)

4,700,000

9%

Tab.1: Five of the most flood-prone countries, based on percentage of exposure of national population [CLC-14]
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2.3.4. Potential Effects and Consequences

The possible impacts of flood disasters on nature and humans cover a wide range of short- and longterm effects. They are depending heavily on external influences like the topography of the affected
region, the flood extent and duration, as well as the community’s vulnerability. The flood hazard
increases with higher degrees of population density. Urban areas with their permanently sealed surfaces
and higher rates of surface water runoff are therefore exposed to a higher flood risk. The following
paragraphs summarise some of the most negative effects on urban social, economic and environmental
systems. There are however also some positive effects on the affected community after a flood event.
Social systems comprise of personal integrity and social functionality, which are the foundations of
human civilisation and culture. Depending on the severity of the event, public health care and medical
aid are struggling to function properly. This shortage can intensify the transmission of infections and
communicable diseases like cholera, dengue, hepatitis, malaria, typhoid and all kinds of other fevers
[WHO-17]. The devastation of infrastructure and farmland can disrupt the supply of clean water and
food, which can additionally lead to dehydration and famine. There are also various psychological
consequences regarding the consternation or shock as well as sudden displacement and destroyed
livelihoods. Floods can therefore issue serious problems with mental health, mainly represented in
developing countries [CRA-12].
In a capitalistic system, the economic aspect is always in the major focus of post-event assessment. The
most obvious consequences of a flood event is the damaged infrastructure, like buildings, roads, railways
or ports. These disruptions cause further restraints such as succumbed motorised private transport, the
interruption of energy and resource supply, the absence of tourists and the potential contraction in
demand. Additional costs emerge for disaster response and the following reconstructions. NOAA
reports, that in 2005 (the year of Hurricane Katrina) the estimated economic loss through flood damages
was the highest in the USA since records began, with approximately 55 billion US-Dollars [NWS-17].
The effects on environmental systems are as versatile as on economic or social systems. This includes
the potential loss of agricultural land and crops, the salinisation of soil in coastal areas, the degradation
and leaching of fertile soil, the distribution and accumulation of toxic substances or decreased
biodiversity. A further consequence could be damaged nuclear power plants, like in the Japanese
Fukushima-Daiichi nuclear disaster in 2011 [SCE-16]. This event demonstrated the importance of
proper building regulations and sufficient provision with basic information for policy makers or urban
planning strategies.
The number of positive effects of flood disasters is quite low. The main argument is, that the high water
deposits a lot of nutrients on the floodplains, which then work as a natural fertiliser. A common example
is the annual Nile flooding, which was the basis of Egyptian culture for thousands of years.
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2.3.5. Preventing Floods and Flood Protection

Unless humanity is able to control precipitation and build insurmountable river engineering structures,
it is still necessary to prepare for floods and try to protect the population from the rising water. There
are a couple of aspects that could be considered in flood risk management: preparedness, prevention,
protection and emergency response. Some are easy to realise, and some need much more research done.
One way to prepare for disasters is the implementation of appropriate flood risk management. This
includes every measure and activity that aims to reduce the possibility and consequences of an
inundation [EUC-16a]. Only responding to a flooding and trying to defend oneself on a local level is
not enough in today’s society. The “increasing availability of remotely sensed data” [PEN-05] is one of
the main drivers for the detection and prediction of upcoming flood disasters. This includes the analysis
of satellite imagery and aerial photography, the Synthetic Aperture Radar (SAR), as well as the
generation and interpretation of large datasets by untrained volunteers (VGI and citizen science). Thanks
to these technological improvements, hydrologic models and flood scenarios can be developed and
investigated in a more effective way.
There are however some analytical challenges, which lead to a challenging complexity of flood risk
management [COL-15]. If flood risk management fails and every effort of preventing a disastrous event
is ignored by the government, a catastrophic situation may be imminent. When the different levels of
governmental decision makers argue about the areas of responsibility, the citizens are often the sufferers
[BBC-17]. The solution could comprise the implementation of a practicable legal framework and the
integration of the affected population in the process of data generation and decision making.
To link the early stage of preparedness to the more immediate phase of prevention, the adaption of early
warning systems is an essential task in today’s flood risk management. People have to be aware of the
risks or the upcoming dangers. Disaster risk reduction (DRR) should be one of the first steps to a safer
community. After that, follow the phases of preparation and prevention. Flood warning systems provide
adequate tools for predicting and communicating future inundations. They require a comprehensive
system to develop and substantial investments or resources (e.g. financing the acquisition of
information) [PAP-15]. The ideal situation would be a transboundary system, where every participating
nation contributes their data. An example could be the European Flood Awareness System [JRC-16].
Other methods to prevent or reduce the impact of floods, comprise stricter building regulations and
forward-looking urban planning strategies. The construction of residential complexes on floodplains,
unstable grounds or low-lying areas increase flood risks and raise the human and economic loss in case
of a disaster. Another possible preventive measure is the sophisticated planting of trees and deep-rooted
plants. A sustainable and careful approach concerning the control of land use, farming, forestry and river
regulations could be the key to a successful flood prevention. It is therefore necessary for the different
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official bodies to communicate with the population and offer enough educational material to assure
public acceptance for every planned measure.
If all activities to prepare for and prevent the flood disaster have failed or were not strong enough,
protective measures will go into action. This mainly constructional actions try to control the extent and
damage of floods by preventing them from reaching populated or other valuable areas. They increase
the resilience and decrease the vulnerability of urban and rural regions. New technological
advancements allow the local authorities to install permanent and mobile flood protection, as well as
temporary barrier systems. Long-term solutions include coastal defence walls, breakwaters, retaining
walls, floodwalls, dams and levees, retention basins, flood diversion channels, and river straightening
or channelisation. Short-term protection systems comprise different forms of panel barriers, rigid or
flexible flood barriers, filled tubes, permeable or impermeable filled containers [EFR-02], sandbags,
flood gates or portable aqua-fences. All these efforts are based on the aspiration to protect human life,
the economy as well as urban properties and infrastructure.
In this time of urbanisation, more and more people live near the coast or big rivers and in order to protect
themselves from rising sea-levels or storm surges, new ways of barrier systems have to be developed
and implemented. London and Venice offer famous examples of how these monumental tasks can be
realised. The Thames Barrier in London is operational since 1984 and “one of the largest movable flood
barriers in the world” [THB-17]. It is more than half a kilometre wide and consists of ten giant steel
gates, which prevent storm surges from the North Sea to inundate most of London’s metropolitan area
(Fig.15).
The MOSE project in Venice [MOS-17], Italy, is one of the most interesting structural measures
currently under construction (Fig.16). Its purpose is to protect the pile dwellings of Venice against the
high tide by using a system of electromechanical tide gates, which span more than 1.6 kilometres over
four inlets and safeguarding the Adriatic lagoon behind.

Fig.15: The Thames Barrier in London [NBI-16]

Fig.16: The Italian MOSE project in Venice [NVZ-15]
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2.3.6. Historic Events and Floods in the Research Area

Mentioning the historic flood events will help putting the analysed results in a specific context. It shows
that natural disasters and adapting to the resultant altered conditions are as old as human existence. It all
starts with the earliest written records about the global flood myth. Various legends about a great
flooding exist in different cultures all over the world. Traditionally there is some kind of divine
punishment for the disobedient people involved. Some of the most famous examples are the Epic of
Gilgamesh and the biblical story about the Noachian Deluge [CRG-15]. Thousands of years ago, when
these tales were written down, people did not fully understand the scientific aspect beyond a disaster
and interpreted the flood event as a will of their gods. Back then, religion often acted as the main source
of explanations when the common knowledge was insufficient. Every type of natural disaster was
declared as a divine discontent.
However, ancient disaster myths are occasionally based on real historic events. Theories suggest, that
some of the flood myths were based on one specific event, the filling of the Black Sea basin about 7500
years ago. The so called Black Sea deluge hypothesis states, that “a massive inundation of the Pontic
basin had a profound impact on the culture of prehistoric humans, forcing large-scale migration out of
the affected area and creating a basis for the biblical Great Flood legend” [YAH-07].
Another illustrative example of a historic flood event is the eruption of the Thera volcano in Minoan
times around 3500 years ago. The massive outburst of the Santorini (or Thera) volcano triggered a series
of tsunamis, which could have caused the demise of the Minoan civilisation [BRU-08].
An impressive example of a devastating European Flood is the Great Drowning or Grote Mandrenke of
1362 on the coast of today’s Germany and the Netherlands. The inundation of the Dutch Wadden Sea
in North Frisia may have caused up to 100,000 fatalities [GOR-15].
Only in 2013, a major flooding occurred amongst others in the Austrian Danube basin. Its peak discharge
was at the capital Vienna [GON-16]. Some other affected cities experienced water levels as high as the
previous record holding flood of 1501 [BLO-13]. The Danube River inundates its surrounding
floodplains quite frequently, mainly due to extensive precipitation. A serious number of bigger floods
took place in the past decades (1899, 1954, 2002, 2005, and 2013) which caused a lot of material
damages alongside the course of the river and its tributaries [BLO-13]. The Danube is described as the
most “international river basin in the world, draining water from 19 nations, forming the international
boundary for 8 of these, passing through 10 countries and 4 capitals from source to mouth and covering
approx. 10% of Continental Europe” [FEL-16]. This makes the Danube also a very dangerous place to
live around, because if the frequency and extent of floods increase, considering that the severity of
extreme weather events is also raising, the consequence for human health and property are going to be
quite bad. An example for the average water discharge of the Danube River in the Slovakian province
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of Devín (Graph 1), 30 kilometres east of Vienna, shows the seasonal variations within the data. The
peak in 2002 with a discharge of more than 10,000 m³s-1, fits perfectly with the already mentioned bigger
floods of the Danube in the past decades. Although not perfectly visible in the illustration (Graph 1),
there is a small trend towards an increase of the average discharge recognisable.

Graph 1: Exemplary water discharge of the Danube River in Devín between 1990 and 2002 [VVB-17]

The implementation of sophisticated flood protections measures [BLO-13] and the integration of
transboundary flood risk management planning strategies [GON-16] over the past 20 years, already
contributed a lot to the local disaster risk reduction and to the decrease of the extent of flood damage.
There is however still room for improvement in the Austrian Danube basin. Outdated flood management
regulations, low cooperation between neighbouring regions, partially high vulnerability, alpine
topography and a lack of precise scientific knowledge by policy makers provide still an opportunity for
improvement [GON-16].
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2.4. Soil-Sealing in a Time of Urbanisation

The research goal of this thesis is to find possible linkages between the imperviousness of the ground
alongside the Danube River in Austria thanks to soil sealing, and the correlation to the extent and
potential damage of the 2013 flood disaster. It is essential for the further understanding to investigate
the subject of soil and its importance during a flood event and also in people’s everyday life.
The derivation of the word soil is apparently from the Latin “solum”, which means the bottom or the
ground. Put in highly simplified terms, soil is per definition the top layer of the surface of the Earth,
where plants can grow in [CAM-16d]. It consists of rocks, minerals, fluids, gases, organisms in
combination with decayed organic matter [FDF-16]. This part of the Earth’s crust is responsible for
filtering and storing potable groundwater, offering habitats for countless organisms, storing raw
materials and vital substances (e.g. carbon or nitrogen) as well as producing food, feed, textile fibres
and even certain types of fuel [FAO-17a].
Soil is also the main foundation for the development of human civilisation and the construction of all
cities. Every building in this world is based on some type of soil. Due to its slow creation, the Earth’s
soil can be considered “as a non-renewable resource” [EUC-16b]. According to figures from the Food
and Agriculture Organization of the United Nations (FAO), it takes about 2000 years to create ten
centimetres of fertile soil, which therefore contributes further to the importance of soil in general.
Soil is an underrated substance and is characterised by the composition of different kinds of layers or
horizons, which are clearly distinguishable from each other (Fig.17). This differentiability is due to
different types of processes and transformations of the original parental material, the bedrock. According
to some sources, the composition of a healthy soil sample is about 45% minerals (e.g. sand, slit, clay),
25% water, 25% air and other gases and 5% organic matter, which supports optimal plant growth
[FAO-85]. In addition to that, there is a considerable amount of lifeforms in all shapes and sizes. The
several horizons (Fig.17) can be consolidated into four main categories:
 C-horizon: The parental matter or substratum combines solid bedrock and already weathered raw
material. Due to the lack of roots and organic matter [FAO-85], it is not important for agriculture.
 B-horizon: This illuviation zone contains aluminium, clay, organic matter and even iron accumulate
to form a mineral subsurface layer. It offers a different colouring and the parental rock gets modified
by chemical and physical processes [HYP-17].
 The topmost layer is the A-horizon and is made up in large parts of organic matter. This eluvial
horizon is one of the most important parts of the soil, because most of the plant root growth takes
place in these 20 to 30 centimetres of mineral matter. The plants get most of their nutrient matter
from the topsoil. Additionally, most of the soil’s lifeforms live in this layer, where it depletes the
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substances, which are then accumulated in the B-horizon [HYP-17]. Due to its intensive exposure to
agricultural preparation (ploughing), the differentiation to the layers can be fuzzy [FAO-85].
 In nature-oriented areas, there is also the possibility of a surficial organic layer, the O-horizon. This
deposition of organic matter consists largely of less decomposed plants. This few centimetres thick
mulch provides a fair amount of nutritive substances for the flora and fauna in the soil.
 There are variations, which can be adapted to different types of soil, like organic horizons
(H, L, O), and mineral horizons (A, B, C, S, G, E, Y), which offer less than 30% of their weight to
organic substances [HYP-17].
The explanation of all processes of soil formation fills entire books and, for this reason, only the most
important parts were chosen for this chapter. Depending on the soil texture, different types of soil can
be classified (Fig.18) and it is determined by different proportions of compounds like clay, sand and silt.
Lighter soil which consists mostly of sand is coarse-grained, with a grain size between 0.5 and 1 mm.
Loamy soils are medium textures soils, where the silt-percentage is highest and the grain size differs
between 0.002 and 0.5 mm [FAO-85]. The finest soil texture consists mostly of clay particles. They are
nearly impossible to distinguish and the grains are smaller than 0.002 mm.

Fig.17: Profile of average soil layers [FAO-85]

Fig.18: Soil types based on three major compounds [FAO-85]

The characteristics of soil can be classified into biologic, chemical or physical properties. In order to
lead over to its connection with soil imperviousness and flood events, the main focus lies on the physical
property of hydrological balance:
According to the FAO [FAO-17b], the biological properties can be divided into the nitrogen cycle and
the carbon cycle. The nitrogen cycle comprises the circulation of nitrogen in its various forms through
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the soil. It includes denitrification, fixation, mineralisation and nitrification [FAO-17b]. The carbon
cycle on the other hand, is a process where carbon is changing and moving through the air and the soil,
which includes the atmosphere, biosphere, geosphere, hydrosphere and the pedosphere [COR-16]. This
current exchange of carbon is as important as the water cycle for the development and support of life on
Earth. According to British scientists [EVA-14], the understanding of these processes is “central to
analysis of the geographical consequences of environmental change” considering “climate change,
water security or flood risk hazard”. Deforestation for instance is a major anthropogenic interference
with carbon storage possibilities in the ecosystem, to name but one reason for soil degradation.
Another possibility to characterise soil is after its chemical properties. These include the base saturation,
cation-exchange-capacity, the pH-level of soil and plant nutrients, as well as the availability of
compounds like organic carbon, calcium carbonate, nitrogen, salts, sodium and sulphate [FAO-17g].
Some of the soils physical properties have already been mentioned. These comprise colour, consistency,
density, porosity, structure, temperature and texture. The texture and the structure of the soil affect
processes like the aeration, the heat flow, the root growth of plants, the susceptibility to erosion and
water movement [FAO-17c]. The physical properties of soil include furthermore the availability and
characteristics of soil water, the circulation and interaction of water within the soil. Due to the different
types of flood disasters, it is important to shed some light on the connections between soil, water content,
water potential and its implications on flood risk.
The known soil does not only consist of mineral and organic matter. Their particles vary in shape and
size but they do not fit perfectly together like jigsaw pieces. This void spaces are called pores and are
mostly filled with different compositions of gases, fluids or living material like insects or plant roots. If
the soil is dry, the pores are mainly filled with gases like air. If it precipitates or the ground gets irrigated,
the void spaces get filled up with water. The soil moisture content therefore “indicates the amount of
water present in the soil” [FAO-85]. The rate of infiltration (seeping velocity) relies heavily on the type
and structure of the soil. Water trickles faster into granular sand for example, than into compact clay.
The velocity of water movement is called hydraulic conductivity [FAO-17c] and it depends on the
coarseness of the soil. Sand is more coarsely grained and features larger pores, clay on the other hand is
more finely granulated and offers therefore smaller pores [FAO-85]. Another reason for changes in the
infiltration rate is the already available soil moisture content. When the ground is saturated
(all pores filled with water), the seeping velocity decreases and water is starting to pond. Plants also
need air to grow effectively. When the pores are just filled with water, plants will suffer and after a long
“wet” period, die back presumably. If the superficial precipitation or irrigation stops, the saturation
decreases through processes like drainage, evaporation, percolation, runoff or plant transpiration. If the
area drains through gravitational forces, it reaches a level which is called the field capacity [FAO-17c].
In this state, the smaller pores are filled with water and the larger pores with water and air, which is
considered to be ideal for plant growth [FAO-85]. The main mechanisms which are responsible for the
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soil water movement are capillary action, gravitational forces and osmosis. Deeper areas in the soil,
which are constantly saturated, form the groundwater table and its depth differs mostly due to changes
in topography.
The knowledge of soil moisture and its variations is not only necessary for the study of soil and plant
growth, it also affects “the evolution of weather and climate over continental regions” [CLM-17].
According to NASA [CLM-17] it is vital to have accurate information on soil moisture in order to
improve weather prediction, agricultural crop growth and climate models. Their measurements estimate
the water content in the upper sheet of topsoil, its dwell time and its effects on the weather and the
climate. Other ways of soil moisture estimations are performed by remote sensing instruments like
airborne and spaceborne radar and scatterometers. The measurement of soil moisture can be used to
assess flood risks and to predict flash floods in a given area. The variation of soil moisture is also
considered “as the most important soil factor for rapid runoff and flash flooding” [GRI-16].
A good approach to get information about the different soil types and their classifications, are FAO soil
maps and databases [FAO-17d]. They comprise global and national maps, as well as regional maps
about certain projects. An example of a national map from Austria is the BORIS Soil Information
System [EAA-17]. Its main aim is to provide “harmonised soil data of Austria based on a specific data
quality management” and offers information about soil types, geology, vegetation, land use and
hydrologic balances. With this tool it is possible to investigate the research area and the soils behaviour
in case of increased water availability. Unfortunately there is no possibility to compare the development
of the data (such as land use and hydrological balance) over a longer time period.
From a legal point of view, the German Federal Soil Protection Act and Ordinance [BJV-17] states that
the main function of soil is supporting the livelihood and habitat for animal, plants, humans and other
soil organisms. Another natural function deals with its importance in the water cycle and the nutrient
cycle. Soil is defined as a decomposition and neutralisation medium because of its absorbing-,
converting-, filtering- and buffering-properties. Furthermore, it also offers functions, e.g. as location for
agriculture, forestry, settlement, recreation, infrastructure and as a source of resources [BJV-17].
Regarding to soil loss and degradation, any impairment of these soil functions is considered as harmful
soil change and shall therefore be prosecuted (at least in the ideal case). But where is the border between
normal urban development and damaging soil alterations? What is considered as sealing of the ground
and permanent loss of soil? To shed some light on this problems, the next chapter copes with social
issues like urbanisation, land grabbing, soil degradation and soil imperviousness.
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2.4.1. Urbanisation and its Implications

Soil sealing is not only connected with urbanisation, but is also one of the major consequences of this
phenomenon. According to the Cambridge Dictionary [CAM-17b], urbanisation can be defined as the
“process by which more and more people leave the countryside to live in cities”. The Organisation for
Economic Co-operation and Development (OECD) also specifies it as a process, by which “a large
number of people becomes permanently concentrated in relatively small areas, forming cities”
[OEC-03]. As a conclusion, urbanisation causes urban growth and rural depopulation.
Urbanisation is often linked to some modern concepts like industrialisation or modernisation in general,
but its roots can be traced back thousands of years to the beginnings of human settlements and
civilisations. Before people started to become sedentary, almost everyone had to migrate from one place
to another, due to the seasonal availability of water and fertile soil. About 6500 years ago, the evolution
of agricultural capabilities and techniques facilitated the establishing of permanent settlements in
Mesopotamia. According to Elmqvist [ELM-13], this development can be determined as one of the
earliest examples of “ecosystem management for enhanced productivity”. This leads to a higher food
availability and therefore a constant increase in population.
The most fertile and crowded regions have always been near rivers and coastal areas, but these coastal
and river proximities are rather vulnerable regions and can be both a blessing and a curse. Emerging
civilised life “was shaped by two conflicting factors” [AHE-14], the unpredictability and flood risk of
nearby rivers, and the fertility due to the deposition of fertile mud after a flood event (e.g. the annual
flooding of the Nile and the resulting development of the Egyptian civilisation). As a result, fertile land
attracted an increasing number of people, who were willing to settle down. The higher flood risk
however required an early form of environmental management.
The most widespread type of settlement of that time was the farming village. Due to sustainable farming,
small communities and “flexibility in the sources of subsistence”, this settlement type became the most
enduring and prevalent form of ancient urbanised areas [ELM-13]. As communities became more and
more complex, the social order and interaction changed. The specialisation of crafts and the construction
of monumental buildings by the ruling elite (to impress and intimidate the people) are first indicators
for the development of early cities [ELM-13]. These early cities are defined by their social complexity,
diversity, interdependency and sophisticated infrastructure. This enabled the society to develop and
increase their population size. Although cities were dependent on settlements in their close proximity to
safe food availability and supply, the population shift from rural to urban areas continued to gain in
strength. This subsequently led to a dissemination of social achievements, like class structure,
“hierarchical territorially-based government” [ELM-13] and an organised legal system.
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The evolution from small and loose gatherings of people to villages and cities benefited from the
improvements in agriculture (e.g. animal breeding, irrigation, ploughing) and the development of trade
and science. This encouraged people to settle down instead of wandering around from one fertile spot
to the next. It is for this reason that human housings developed from hide tents, mud brick buildings and
timber structures to rather permanent stone or brick buildings and later concrete constructions.
Industrialisation and modernisation accelerated the velocity of urbanisation in the 18th century
dramatically. The Industrial Revolution led to an increase in agricultural productivity and the improved
food supply led to an accelerated growth of the population. The following figure (Fig.19) illustrates the
400 years’ time span (from 1300 to 1700), where the global population size increased by 300 million
[TAN-94]. In the beginning of the Industrial Revolution, it only took about 100 years (from 1700 to
1800) to gain another 300 million people. Within the next 50 years, the population size increased by
another 300 million (1.2 billion in 1850). Another 50 years later, in 1900, the global population was
estimated to be around 1.6 billion. It seems obvious, that industrial and agricultural developments were
the main drivers of this demographic explosion (current global population approx. 7.5 billion
[WOM-17]). The industrialised production of agricultural goods enabled former farm workers to take
employments in the booming industrial cities. This migration necessitated affordable accommodation
and improved infrastructure, like public transport systems.

Fig.19: Increase of the world’s population in the past few hundred years (based on [UND-14])

In 1800 around three percent of all people lived in towns and cities [BAR-12]. Today approximately
50% of the Earth’s population live in cities or otherwise urbanised areas. The United Nations
Organisation estimates, that this percentage rises up to 66% by the year 2050, which means that only
one third of all people would live in rural areas [UND-14] (Fig.20). This may be due to notable
urbanisation benefits like better health care, better chances in finding qualified and well-paid jobs,
improved infrastructure, higher living standards and social amenities as well as more leisure facilities.
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Fig.20: Global percentages of rural and urban population from 1950 to 2050 (based on [UND-14])

The most serious consequences of these developments are economic, social and environmental effects:
The impacts of economic effects can be positive and negative. The development of cities and
infrastructure during the Industrial Revolution led to a significant reduction of transportation. For this
reason, the commuting to the workplace became easier and worker could take advantage of better job
opportunities all over the city. Cities are also important to the global economy. About 80% of the world’s
Gross Domestic Product (GDP) is generated in urban areas [MCK-16], with a predicted increase in the
next 20 years. To satisfy the requirements of a functional community, cities have to maintain and update
their infrastructure constantly. On the other hand, house prices were raised due to increased demand.
The economic development in cities is mostly based on a limited number of branches and could therefore
be vulnerable. Large urban areas also require a strong migration of workers to maintain a high level of
economic growth. The “slowing population growth and plateauing urbanization” [MCK-16] in a few of
the world’s largest cities are responsible for decreased economic growth and bleaker future prospects.
Positive social effects include the exchange of knowledge as well as benefitting from cultural diversity.
Urban areas offer an increased tolerance for religious attitudes and more educational possibilities.
Urbanised areas are also a melting pot of culture and knowledge. The exchange of experiences and ideas
lead to intellectual stimulation and an expansion of common knowledge. Negative social effects deal
with a shortage and price increase of accommodation, due to overcrowding and therefore a higher
demand. The prospect of work in the cities can also lead to an accumulation of low skilled workers and
consequently a potential emergence of slums and class segregation [DOC-12]. Due to a higher
population density, traffic volume increases measurably. Possible unemployment of low skilled workers
can result in poverty, hopelessness, stress, alcoholism, drugs and crime [DOC-12].
Positive environmental effects of urbanisation comprise the sustainable use of natural resources within
urban areas. Due to sustainability concepts and commodity prices, it is common nowadays to build
products using as little resources as possible. Even new housing is replacing idly buildings. There are
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however far more negative environmental effects listed in corresponding scientific studies. With more
population comes more consumption of durable goods and increased non-recyclable waste. This allows
diseases to spread within urban communities, which can also be fuelled by the anthropogenic pollution
of air and water. The contamination of the atmosphere and waterbodies can affect “the health and quality
of life of the urban population” quite heavily [TOR-04]. Other problems include the formation of urban
heat islands, high consumption of energy and non-renewable resources as well as the increase of
damages due to bad urban planning. The urbanisation of former open grassland results in a loss of
habitats, followed by a significant loss of biodiversity. Another negative effect is soil degradation in
urban and rural areas, which could also lead to a severe food shortage and potential land grabbing.
The following Figure (Fig.21) from the latest World Urbanization Prospect displays the global growth
rates of urban agglomerations. It is obvious, that the fastest growing conurbations can be found primarily
in Western and Central Africa, but also in Central America and South and Southeast Asia. The slowest
growing urban agglomerations are in the old world with western character, like Europe, Eastern USA
and Japan. The map also classifies the affected cities, but the growth rate unfortunately does not
distinguish between growth and potential shrinking rates.

Fig.21: Growth rates of urban agglomerations worldwide based on size class in 2014 [UND-14]

The next Figure (Fig.22) shows the percentages of urban areas and urban agglomerations worldwide. It
illustrates the percentage of people, who lived in urban or urbanised areas in 2014. The colour scale
offers five classes from a low urban percentage in cyan (0-20 %) up to a very high percentage in brown
(80-100 %). Although graphically questionable, it is noticeable that mostly industrialised countries like
Argentina, Australia, Brazil, Canada, the USA, Saudi-Arabia or the Scandinavian countries show the
highest shares of urban agglomerations. Some surprisingly high values can be found in countries like
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Western Sahara or Gabon. The lowest percentages of urban areas are mainly in developing countries in
Africa and Southeast Asia like Niger, South Sudan, Ethiopia, Uganda, Nepal or Papua New Guinea.

Fig.22: Percentage of global urban and urban agglomeration areas based on size class in 2014 [UND-14]

Urbanisation is also constant companion in the research area. The Danube is the longest and most
important river in Austria. The Danube valley and its surrounding landscape forms the core area in
Austria and Central Europe [AUF-17]. There are more people living around the riverbanks of the
Danube, than along any other watercourse in the country (about half the population). According to the
Austrian Hailstorm-Insurance [HAG-17], every day the area of an average Austrian farm (approx.
200,000 m²) is sealed permanently and therefore lost. This means that in the ten seconds it took the
reader of this thesis to read the previous sentence, around 32 m² of soil has been covered. If this speed
continues, there will be no agricultural land left in Austria in the year 2200 and soil will be reduced only
to its limited carrier functions. Every year, 0.5% of Austrian soil is covered with concrete. One of the
related challenges is the insufficient use of already built up properties (residential or commercial
buildings), which lie idle in the country. The problem with this kind of overdevelopment is, that new
properties are built on green fields or just outside the city boundaries, instead of using brownfields.
The Austrian proportion of urban and rural areas (Fig.23) developed very differently from the global
proportion (Fig.20) in the same period of time (1950-2050). Unlike the global development, the
percentage of urbanised areas in Austria has been very constant over the last 70 years (approx. 65%).
The United Nations estimate a slow increase of urban areas from 2020 to 2050 (+10%). The percentage
of rural areas will therefore decrease to the same extent (approx. -10%).
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Fig.23: Proportion and estimation of urban and rural areas in Austria between 1950 and 2050 (based on [UND-14])

The following figure (Fig.24) illustrates the percentage of the already sealed areas in Austria in the year
2012. The sealing is mostly prevailing in urban centres and the biggest cities in the country (Innsbruck,
Salzburg, Linz, Vienna or Graz). On a closer inspection, the river course of the Danube is clearly
perceivable between Linz and Vienna, due to a higher percentage of sealed areas alongside of it. This
perception depicts the potential vulnerability of densely populated urban areas in Austria very well. It
demonstrates quite figuratively the need to investigate the affected regions for risks and hazards.

Fig.24: Percentage of sealed area in Austria 2012 [OER-12]
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2.4.2. Degradation and Sealing of Soil

The sealing of soil is one of the various types of soil degradation, which can be defined as “a change in
the soil health status resulting in a diminished capacity of the ecosystem to provide goods and services
for its beneficiaries” [FAO-17e]. Degradation can be the deterioration of soil through different causes
and can lead to a decrease in soil productivity and fertility because of human interaction. The decline of
soil quality is mainly amplified by climatic conditions, agricultural mismanagement and industrial
exploitation. This can result in waste and fallow land, which is unusable for agricultural usage and
threaten the cultivation of crops and consequently the food availability. The causes of soil and land
degradation can be very versatile and could cause numerous hazards. They can comprise physical,
chemical and biological processes and anthropogenic activities:
 Water erosion is one of the most serious causes of global soil degradation and it is a “threat to the
provision of food supply and security” [OLL-16]. Intense rainfall, steady water flows and floods can
wash away the top layers of the ground and accumulated materials such as clay, sand and organic
substances [OMA-15] (Fig.25). The severity of water erosion is also depending on the climate,
susceptibility of soil (due to density, permeability or structure), slope gradient (the steeper, the more
vulnerable), topography and vegetation and its degree of rootedness [OMA-15].
 Wind erosion has similar effects on the top layer of the soil as water erosion (Fig.26). This physical
process is intensified by dry or arid ground. It is one of the driving factors of degradation and
desertification. The effect of Aeolian erosion is increased by improper agriculture, deforestation and
urbanisation. The magnitude of wind erosion is also composed of climatic conditions, susceptibility
and roughness of soil or land cover [OEH-14]. Soil particles are transported depending on their size
by saltation, surficial creeping or suspension and can lead to damaged crops, lower moisture holding
capacity and public safety hazards [OMA-15].

Fig.25: Typical form of soil erosion by water [NTU-14]

Fig.26: Erosion by wind on agricultural soil [OEH-17]
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 Deforestation is the “process in which all the trees in a large area are cut down” [CAM-17a]. More
complicated however, are the causes and consequences on soil degradation and the environment in
general. About 31% of the Earth’s land cover are forests and woodlands [WWF-17] and they are
largely responsible for the global production of oxygen and the sequestration of carbon dioxide.
Forests protect endangered wildlife, vegetation and the soil they are rooted in. Every year approx.
13 million hectares of woodland are deforested [FAO-17f], which equals the size of countries like
Nicaragua or Greece [CIA-17]. Exposed soil is much more vulnerable to all sorts of erosion and the
degradation rate of mineral soil, organic matter and humus raises distinctly. Deforestation also
favours the flood risk in affected areas, because the protective land cover has been removed for
plantations, the soil erodes, the water absorbing capacity decreases and, in combination with
insufficient drainage systems, the flood hazard increases as a further consequence.
 Another cause is tillage erosion. Extensive or improper cultivation practices (extensive grazing,
farming on slopes, fertilisation, irrigation, monocultures) are the main reasons for the “progressive
down-slope movement of soil, causing severe soil loss” [OMA-15]. It facilitates water erosion and
due to deep ploughing, the amount of vulnerable soil has been seriously increased. Conventional
farming offers not only room for economic and environmental improvement, but also potential
negative effects on soil erosion rates and water quality [NRC-10]. Soil erosion from agricultural land
is even one of the most important driving factors of deteriorated water quality. Soil quality indicators
provide information about productivity of animals, plants and about air or water quality [SIO-17].
Value changes indicate considerable transformations, which could implicate soil degradation.
 Additional contributing factors can be due to chemical (e.g. acidity, salinisation or lack of nutrients)
or biological processes (e.g. reduced activity of microbial flora) [BIO-17].
All these causes have severe impacts on the global environment. The yields of agricultural produce are
reducing, food availability decreases and soils are getting permanently infertile. The excessive use of
fertilizers also has a severe impact on soil and water quality. Economic losses because of soil erosion
costs every year around 70 Dollar (66 Euro) per person [USD-01]. One of the most important
consequences of soil degradation is the increase in natural disasters (or rather anthropogenically
influenced). The number of droughts, famines, floods, mud flows and pollution is on the rise, resulting
in increasing environmental, economic and social losses and damages.
Soil sealing as an anthropogenic factor is the permanent covering of land with impervious materials like
concrete, pavers, stones or tarmac. It is mainly a result of the development and expansion of existing or
new infrastructure, private and commercial buildings as well as other facilities. The sealing of the ground
is therefore “closely related to land take or land consumptions, which is understood as the development
of open areas […] into built-up areas” [ART-15]. Urbanised areas and cities in general are especially
characterised by extensive areas of sealed surfaces, “limiting the supply of ecosystem services”
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[ART-15]. Although the population growth is no longer rising dramatically, the rate of sealed urban
spaces is still increasing. In the EU, every year an area as large as the City of Berlin is transformed into
an urban environment (approx. 890 km²) and half of it totally and permanently sealed [EUC-16c].
The sealing of the soil can be caused by different triggers like anthropogenic factors, but soil can also
be naturally quite impervious. If the texture is very fine grained (e.g. silts, clay or loam), water cannot
penetrate deeper soil layers because of higher resistance to potential water flows [CET-11]. The sealing
of the soil’s surface “often affects fertile agricultural land, puts biodiversity at risk, [and] increases the
risk of flooding and water scarcity” [EUC-16d]. The current condition of soil sealing (Fig.27) is
especially poor in Northern Africa, quite poor in Europe and Asia and fair on the American continent.
Good conditions can be found in sub-Saharan Africa, Australia and the southwest Pacific region.

Fig.27: Current condition of soil sealing worldwide, based on edited classifications by FAO [FAO-16]

Soil however is an “essential, finite and non-renewable natural resource” [EUC-16c], which offers so
many functions and serves a lot of purposes. Soil should therefore be sustainably managed. Every
permanent covering of soil is very hard to reverse and consequently results in the definitive loss of soil
[IAS-13]. It is therefore essential to use this resource reasonably and sustainably. Thoughtful soil
management and spatial planning can lead to a more gentle use of natural resources and to an
improvement of future environmental prospects [EUC-12]. This subject is often a reason for dispute
between economic, social and environmental objectives of a community, which include commercial,
industrial, infrastructural, residential and recreational areas within an urban environment [ART-14]. It
is now up to decision-makers and urban planning agencies to overcome these challenges.
The changes due to urbanisation “threaten the European landscape and lead to fragmentation of natural
habitats and ecological corridors” [EUC-12]. Taking appropriate measures is quite expensive and
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therefore often ignored. This ignorance has serious impacts on urban development. The continuous
sealing of open surfaces results in impacts on the ecosystem services and the loss of the soil’s biological
functions. This leads to the enabling of urban heat islands and heat effects in cities, the loss of natural
carbon sequestration capacities, the reduction of filtering and purification capabilities, the loss of food
and fibre production, the endangering of biological diversity, reduced quality of living and a decrease
in the soil’s water absorption capacities [FAO-16] and therefore an increased flood risk. Normal soil
can store huge amounts of water and precipitation. Extensive sealing can prevent the absorption
completely and increase risks. The prevention of water infiltration also alters the soil hydrology
significantly. If surface areas are covered, less water is stored in the different soil layers and available
to plants. This increases the probability of droughts and the need for excessive fertilisation and irrigation.
Other impacts are increased run-offs from impervious surfaces, altered water quality, straightening and
concreting of river beds or interfering with the sediment budget [EEA-16]. These effects of soil sealing
can all influence the flood risk, frequency and extent. In order to satisfy the increased need for
agricultural and construction land, new fertile areas need to be found to guarantee a sufficient food
supply. More and more vulnerable space (floodplains, flood zones or river banks) are then converted
into farmland or construction sites. This decreases the amount of freely available areas and increases the
conflict potential.
Throughout history, territorial disputes have always been a usual way to secure and expand the ruler’s
claim to power. Wars and colonisation were the inevitable consequences. Nowadays, the strong
international economic ties makes it highly unlikely that a developed country attacks another developed
country in order to expand their territory. Other ways of “conquering” new territory have to be found.
The uncertainty about the sufficient supply of energy, food and water has triggered so-called
transnational land acquisitions. This phenomenon, also known as land grabbing, is the occupation of
mostly agricultural land in poorer and less developed countries by other nations or companies. The aim
of these acquirers is to buy huge areas of land in poor countries in south-east Asia or Africa [EEA-16]
and invest in the cultivation of different crops, which are then used to produce food or biofuel for the
investing nations. This kind of extensive agricultural business also goes hand in hand with water
grabbing, which has serious impacts on the local soil hydrology and on the rural poor.
In order to prevent or reduce this conflict potential, the degradation and sealing of soil has to be
mitigated. The best ways to restore and regenerate soil to fulfil its natural functions are imposing
planning restrictions, providing planning guidance, protection of fertile arable soil, reinstalling
greenbelts and de-sealing of covered areas, regenerating and reusing of already sealed waste land and
brownfields as well as supporting ecologic building technologies (e.g. permeable materials and surfaces)
[EUC-12]. All these approaches require adequate land cover information, which this master thesis will
try to provide for the research area.
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2.4.3. Current Situation at the Danube River

In the whole of Europe, soil and its functions are considered as a matter of course and very often no
further thoughts are wasted on potential implications [JRC-17]. Consequences on agriculture and
ecosystems have already been discussed sufficiently. Degradation and sealing of soil however could
also influence the sediment budget and dynamics of rivers and the navigability of inland waterways
[JRC-13]. One of the most important European waterways is the Danube. With the help of the RhineMain-Danube Canal, various types of cargo can be transported from the North Sea to the Black Sea. As
a result of that, a number of private and official initiatives were started in the past few years, in order to
improve the quality of planning strategies based on reliable scientific data. Time, effort and money had
to be invested to collect high-quality and relevant information. This kind of investment should motivate
people to interact sustainably with their surrounding environment, as well as contribute largely to the
communication with scientific initiatives like citizen science.
The following figure (Fig.28) displays the average annual density change of sealed areas in Europe
between 2006 and 2009. The colour scheme is improvable but it is clear to see where the most urbanised
areas are. The biggest increase of sealed areas were in urban centres like Germany, Northern Italy and
the Benelux countries. In Austria however, the biggest noticeable change has taken place alongside the
Danube River. Although not quite as distinctive as in Northern Italy for example, it clearly contrasts
with the rest of the Austrian territory.

Fig.28: Display of the average annual density change of impervious or sealed soil between 2006 and 2009 in Europe
([EEN-17] edited)
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This matches the information about urbanisation in Austria in the corresponding chapter. The next figure
(Fig.29) outlines the historical importance and development of the Danube River. The illustration shows
the changes of land cover within the watershed of the Danube River in Central and South East Europe
over almost 1000 years. The data is based on current research results and reconstructed historical
records. This scientific method is often used to indicate the degree of deforestation and the loss of
vegetation cover [GIO-12]. Red areas represent the areas where natural vegetation (forests, meadows)
has been removed and converted into cultivated areas or settlements. Green surfaces stayed naturally
overgrown. In 1000 AD, most of the changes took place in higher populated areas which are today
known as Linz, Vienna, Brno or Bratislava. 850 years later however, the scenario has changed
dramatically. A big share of the investigated area has lost its natural vegetation. The fractions which
have not been affected by the transformation are mainly concentrated in mountainous regions. It is not
extractable from the data, which regions had turned into farmland, permanently covered or sealed areas.

Fig.29: Model of land use change in the watershed of Danube River ([GIO-12] edited)

The river meadows alongside the Danube regulated the water balance in times of peak discharges or low
water levels for centuries. With the regulation and straightening of watercourses, this volatile
equilibrium got seriously disrupted. In the early days of adjusting river courses and basins in Lower
Austria (around 1875), the number of extreme water levels rose up nearly sevenfold [JUN-14]. This led
to further interferences with the river ecology. In the beginning of the 20th century, measurable effects
of this often unthoughtful constructions comprised of increased flood peaks and accelerated inundations.
Did it took flood waves on the Danube 54 hours to travel from Ybbs (Lower Austria) to Vienna in 1954
(around 95 kilometres in linear distance [LUF-17]), it sped up to just 16 hours in 2011 due to various
river construction works [JUN-14]. In the last few years, protests rose up to stop the modification and
concreting of river beds in order to improve navigability.
To get a more detailed picture about the current situation in this area, further research has to be done.
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2.4.4. Comparable Research

There are currently numerous ways of detecting covered land areas. The use of satellite information and
aerial imagery is the most common technique to obtain accurate and suitable data on the type of land
cover and the extent of sealed soils. This offers valuable sources of geospatial data for defining the
ecological implications of urbanisation [MIL-14]. The gathered information is then processed, analysed,
evaluated and integrated into models and land cover data sets. Land cover is by definition the “observed
(bio-) physical cover on the earth’s surface” [FAO-00] and comprises of free surface areas (e.g.
grassland, forests, waterbodies) and sealed areas (e.g. buildings, streets). Mainly based on assessing
remote sensing products, these land cover datasets are used as the basis for further scientific research,
like hydrologic modelling or the detection of climatic changes [TSE-15]. Due to different sensor types,
mode of operation and scope, they disagree in various ways. Some of them are listed below:
 GLC (Global Land Cover Network) was initiated by the European Commission and receives its data
from the SPOT4 satellite systems, which focus on long-term observation of vegetation [CNE-04].
 GlobCover refers to a programme by the European Space Agency (ESA) and receives its data from
the Medium Resolution Imaging Spectrometer on board of the Environmental Satellites [DUE-05].
 MODIS (Moderate-Resolution Imaging Spectroradiometer) is a part of the US-American Terra
Satellite [MOD-17]. Its main purpose is to support geophysical research and short-term observations.
 Copernicus is an observation programme which was initiated by ESA and the European Commission,
and is based on Sentinel satellites and in-situ data [CPC-17]. The main thematic focus of Copernicus
lies on the atmosphere, climate, emergencies, land, marine and security services.
 CORINE (Co-Ordinated Information on the Environment dataset) was initiated by the European
Community to collect standardised and comparable information on environmental changes across
Europe [EPA-17]. In 2006, information about artificially sealed surfaces were integrated.
 LUCAS (Land Use Cover Area frame Sample) is an “in-situ sample of land use and land cover carried
out across EU member countries” [BAY-16]. Its aim is to create a geospatial dataset based on
standard samples by surveyors and is used for improving official urban planning.
At closer inspection of the available satellite imagery and aerial photographs, it is quite obvious that
urban areas look distinctively different from forests or other unsealed green areas. Therefore a lot of
studies are dealing with the subject of detecting and measuring soil sealing with the aid of remote sensing
technologies. They often use the mentioned land cover datasets as reference systems to assess the
analysed data’s accuracy. There is however hardly any research available on possible linkages between
sealed soils and the extent or damage of recurring flood events using crowdsourced data. Most of the
studies focus either on using satellite images to detect soil sealing and its changes [GAR-13] or
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improving the estimation of impervious surfaces [XUR-17]. Only very few also focus remotely on the
connection between sealing of the soil and flood risks [PIS-15], and even fewer include crowdsourcing
methods. Some of the comparable studies and their research methods will now be discussed shortly:
 The first presented paper concentrates on the measurement of the soil sealing extent near Madrid
(Spain) [GAR-13]. A number of Landsat TM datasets, recorded between 1989 and 2010, were used
to estimate the loss of arable land due to soil sealing. Using the usual method to process and analyse
remote sensing data, the main results were the benefit of free access to high resolution satellite data,
the facilitated detection of changes in land cover and sealed surfaces (> 400 km² in 20 years), and
the advantage of semi-automatic classification compared to automatic.
 Chinese scientists stated, that the “accuracy for impervious surface estimation is insufficient due to
high diversity of urban land cover types” [XUR-17]. Their approach to solve this issue was to use
improved tools for the image processing (e.g. pan-sharpening), whereas this thesis should
demonstrate the benefit of voluntarily generated information to analyse and assess satellite-derived
data. Similar research activities used dual polarisation Synthetic Aperture Radar (SAR) instead and
claimed it is possible the best remote sensing method to detect impervious surfaces [ZHA-16].
 The next comparable study has already been quoted in this thesis and deals with the assessment of
the soil sealing impact on increased flood peaks and volumes in the plains of Emilia-Romagna in
Italy [PIS-15]. It is one of the few studies, where the measurement of soil sealing was not the key
issue but its connection with increased flood frequency and extent. They compared estimated
inundation volumes and compensatory volumes for flood detention between 1976 and 2008, in order
to characterise the impact of soil imperviousness on drainage networks in semi-rural areas [PIS-15].
 Another study focusses on the quantification of impervious surfaces in order to investigate its impact
on flood processes [DUS-15]. It points out, that the few studies referring to imperviousness of soil
and its connection with flood events, frequently offer contradictory results. It seems that there may
be substantial disagreements within the research findings. However, by using hydrologic modelling
systems, specific indicators were developed to quantify the impact of sealed surfaces. The results
confirmed their theories and suggested that “cities should consider an increase in flood discharge
under future IS (note: impervious surface) scenarios” [DUS-15] when planning new flood protection.
 The last presented study deals with the use of mobile technology and gamification to crowdsource
data about land cover [BAY-16]. It is closely related to this master thesis, because it used similar
data generated by the FotoQuest Austria campaign (which was initiated by the International Institute
for Applied Systems Analysis in 2015). The aim of the study was to compare crowdsourced data,
collected by untrained citizens, to established land cover and land use datasets, set up by experts
(LUCAS). Although the agreement was considered not high enough (~70%), the operational
capability of the mobile application for planning authorities to gather information is definitely there.
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2.5. Citizen Science and Volunteered Geographic Information (VGI)

The next important thematic block discusses the crowdsourcing approach, its useful derivatives and the
usability of this method in modern system analyses. This topic has been the author’s field of research
right from the beginning of his bachelor programme and was one of the main drivers for choosing the
overarching research question. The all-embracing concept in question is called crowdsourcing. This
compound word consists of the terms crowd and outsourcing, which was first named so by the USAmerican Journalist Jeff Howe in 2006 [HOW-06]. It comprises, amongst other things, the quite
frequently developed derivatives crowdfunding, micro-tasks, citizen science and volunteered
geographic information (VGI).
Crowdsourcing is often defined nowadays as the outsourcing of specific tasks to a group of non-experts,
in order to solve a certain problem in a faster and more economical way. This method should facilitate
the traditional way of generating data by replacing technical sensors with human volunteers. Due to the
common phrase wisdom of the crowd, every task is repeatedly validated by different participants and
therefore provides a quality control and protection from deliberate misconduct or statistical outliers.
Motivating incentives could comprise monetary, scientific or even altruistic aspects. After analysing
about 30 of the existing definitions in the literature, Spanish scientists tried to provide an integrated and
universally usable definition for the crowdsourcing approach, which should cover all possible associated
initiatives [EST-12]:

“Crowdsourcing is a type of participative online activity in which an individual, an institution, a
non-profit organization, or company proposes to a group of individuals of varying knowledge,
heterogeneity, and number, via a flexible open call, the voluntary undertaking of a task. […] The
user will receive the satisfaction of a given type of need, be it economic, social recognition, selfesteem, or the development of individual skills, while the crowdsourcer will obtain and utilize to
their advantage what the user has brought to the venture, whose form will depend on the type of
activity undertaken.”

In many ways, the concept of crowdsourcing existed for centuries, before the distinctive name has been
coined for the first time. The use of crowdsourced information and ideas can already be found in the
early years of the Industrial Revolution where crowds or communities were used as a way to solve social
or scientific problems.
At the beginning of the 18th century, navigating in the stormy oceans was challenging and dangerous.
Knowing where the ship was, the determination of the exact longitude and latitude, which course to set
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and what time it was in relation to the departure or arrival point were the essential tasks for the ship’s
crew [WIT-15]. Without these information, the safe arrival at the destination could not be guaranteed.
The accurate measurement of time was and still is a vital part of naval navigation. Today most of the
technical operations are done by computers and atomic clocks that are incorporated into satellite
systems. Back then, it all relied on the observation of eclipses and the comparison of the moon’s relation
to the stars or local meridians [WIT-15]. These methods unfortunately were quite complex and prone to
error. Another approach included the accurate time at the arrival or departure point, but in those days
robust and precise clockwork mechanisms could not be built in a portable form. Life at sea was pretty
rough and the technical mechanisms had to resist cold or hot weather, saltwater and violent movement
due to strong waves. For this reason, the British Government offered a prize of 20,000 British Pounds
(GBP) in 1714 for the solution of this Longitude Problem [BET-93]. The prize money was so high (the
equivalent of several millions today), because no one of the responsible government board really thought
that it was possible to create. After a number of weird or unrealisable suggestions, the carpenter and
clockmaker John Harrison came up with his first marine timekeeper in the 1730s. Dedicating his
remaining life to this problem, Harrison was finally declared winner of the Longitude Prize in the 1770s
and was still able to present the first accurate marine chronometer. Thus proofed, that the creation of
such a portable and robust timekeeper was indeed possible [BET-93]. He did not only win the first kind
of crowdsourcing competition, but also revolutionised global naval navigation.
Another milestone in the implementation of crowdsourcing into social and scientific initiatives is the
Toyota Logo Contest in 1936. The Japanese car manufacturer wanted to update its company logo and
received more than 27.000 suggestions [ROY-15]. The winning entry combined three Japanese
characters, which even led to the renaming of the company from the former Toyoda to the more
illustrative Toyota. The final design of the Sydney Opera House was also based on a similar
crowdsourcing contest. More than 230 ideas were sent in from 32 countries and led to this fantastic icon,
the whole world knows and recognises [ROY-15].
Wikipedia is a modern phenomenon. Founded in January 2001, it is a freely accessible online
encyclopaedia and one of the most visited websites in the world [AYE-08]. It covers every possible
topic or subject and shows no thematic limitations. According to Wikipedia itself [WIK-17], there were
more than 40 million articles available in 293 language editions in the year 2016. The platform is based
on voluntarily contributed articles, which are peer-reviewed before they get published. It serves as one
of the most successful examples in the history of crowdsourcing worldwide, on a par with
OpenStreetMap, YouTube, FoldIt or Waze (Fig.30).
As already indicated, the development and accessibility of the Internet was one of the main drivers for
the explosive growth of crowdsourcing platforms and initiatives. More and more aspects of life, society
or culture are transformed in the exponentially expanding worldwide network of information [CHO-17].
The present time is often referred to as the Digital Age or the Age of Information. Some predictions of
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the future even go so far as proposing the dismantling of nation states and the implementation of a digital
citizenship, but this is all still up in the air. Since the development and broader global availability of the
Internet however, the whole methodical and administrative structure of crowdsourcing has changed
considerably. Thanks to this global network, the accessibility of potential volunteers has exponentiated.
Since the first humans existed, they had to be physically close to each other in order to form a crowd.
Since the introduction of a world wide web, people from all over the world can be considered as a crowd,
if they all work on the same project. This progress also supported the recent emergence of crowdsourcing
platforms. As a result, companies and organisations can publish their specific problems in the form of
contests and rely on the cooperation of the participating community. The major stakeholders of a
crowdsourcing process are the data producers (public or private organisations, untrained volunteers),
developers (GIS experts, programmers or software developers) and consumers (broader public,
companies, educational institutions or local governments) [BRO-13]. Throughout the last few years, a
number of serious projects confirmed the usability of the configuration of these different stakeholders
in various subject areas. Some of them could be useful in the course of this thesis.

Fig.30: Brief timeline of the milestones in crowdsourcing history

The application of crowdsourcing is depending heavily on remote sensing technology and further
processing by geographic information systems (GIS). After the data acquisition via satellite systems or
photogrammetric imagery, the next step would be the initial analysis and assessment of the generated
information, in order to create a supportive data base for the application in disaster management or urban
planning. Crowdsourcing and its derivatives geographic citizen science and volunteered geographic
information are very versatile approaches and can therefore be used in the field of disaster management,
emergency response or flood risk reduction, in combination with social media technology. The next few
paragraphs examine the use of these approaches in recent disasters:

 Haiti: The disaster response and management operations during the Haiti earthquake in January 2010
were very difficult and dangerous ventures [CAL-16]. An earthquake with a magnitude of seven on

56

The Anthropogenic Factor of Natural Disasters

the moment magnitude scale (MW) hit the western part of Hispaniola and caused an estimated
100,000 to 200,000 casualties. Thankfully, a lot of human lives and properties were saved by private
and official crowdsourcing operations [RIC-16]. These special crowdsourcing operations collected
and assessed messages of affected Haitians, to coordinate the effective and fast transport of adequate
and sufficient aid to people in need [RIC-16]. Even international disaster response initiatives relied
upon the information collection via social media services. This data was successfully used to
“coordinate knowledge and action between cooperating response agencies” [YAT-11] which also
included the United States armed forces.

 Colorado: Another similar example with a different kind of disaster, were the extensive wildfires in
the state of Colorado. In 2012 and 2013 a series of massive fires destroyed forests on a large scale.
The 2013 wildfires killed two people, demolished nearly 500 homes, burned down around 57 million
square metres of wood and claimed an economic damage of more than 400 million US-Dollar
[RIC-16]. Due to these cleared areas, floods occurred later the same year and destroyed even more
housings. However, the constructive cooperation between disaster management, Homeland Security
and the public by interviews and email communication showed the benefits of crowdsourcing in
disaster management [RIC-16].

 Fukushima: In 2011, the so called Tōhoku-earthquake hit the eastern coast of Japan with a magnitude
of 9 MW and triggered a tsunami, which lead to the already mentioned Fukushima-Daiichi nuclear
disaster. Japanese engineers used the crowdsourcing approach during emergency response operations
[RIC-16] and after the immediate event. An initiative was launched, where volunteers could measure
and submit radiation values from all over the country. This provided a freely available and up-todate radiation map of Japan [HIR-13].
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2.5.1. Volunteered Geographic Information

One integral part of crowdsourcing is VGI. This stands for volunteered geographic information and can
be considered as the combination of public participation and geographic information. The VGI-approach
has developed in a time, where the collection, processing, assessment and publication of spatial data
saw substantial changes due to improved performance and accessibility of the Internet [SUI-13].
Extensive growth of user generated spatial information has triggered a number of similar or identical
phenomena, e.g. neogeography, geoweb, maps 2.0, citizen mapping and of course volunteered
geographic information [LIN-15]. Different names for almost interchangeable concepts. They can be
defined as “the breaking down of the traditional distinctions between expert and non-expert, in the
specific context of the creation of geographic information, since all of the traditional forms of expertise
can now be acquired through the use of technology” [GOO-10]. All these approaches can therefore be
summarised as the generation of georeferenced data by mostly voluntary untrained non-experts, with
the help of appropriate digital platforms and tools (API, KML, geotags), which can then be integrated
into geospatial analyses, in a faster and cheaper way.
Until the 1990s, the traditional way of collecting and producing specific geospatial data included the
assessment of maps and surveying results by official authorities or companies. The resultant products
were published as paper copies and made available through a system of retailers [GOO-10]. The basis
data and acquisition methods stayed reserved for experts only. The modern era of collecting data started
in the early years of the 1990s thanks to new information technologies. This included the wider
accessibility of personal computing systems, the shutdown of selective availability of global satellite
systems (GPS) and the rapid development of the Internet. Special services like Keyhole or Google Earth
respectively and tools like API (application programming interface) enabled everyone with a personal
computer and Internet access to “gain the ability to make maps from acquired data, and to employ the
kinds of cartographic design skills previously possessed only by trained cartographers” [GOO-10],
whether they had any previous experience or not.
The world is becoming smaller and smaller as a result of the fast digitalisation of people’s life, but the
need for georeferenced spatial data is on the increase. This kind of information can be of considerable
commercial and social value for public organisations or profit-oriented companies [FEI-13]. Nearly
every public community, governmental authority or private corporation has its own spatial data
infrastructure, which focusses on processing and analysing geographic information. A lot of part-time
university lecturers even work in a commercial GIS department as their main profession. Traditional
methods of collecting data have always been a long process, carried out by trained experts. Usergenerated content facilitates the challenges and reduces the costs significantly. This enables smaller
businesses with lower budgets to compete with transnational corporations or global players. Some of
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the highlights in crowdsourcing history owe their existence to these possibilities (Fig.30). However, the
generated and processed data has to offer a specific characteristic in order to be useful for private or
public entities: currency, positional and qualitative accuracy, reliability and resolution [FEI-13]. Ways
to control the validity of these characteristics are deterministic methods like accuracy or quality
assessment and tests like the root-mean-square error or the Cohen’s kappa coefficient.
When the quality of a certain spatial dataset depends on so many components (and more, e.g. time), all
collected geographic information may “be subject to uncertainty” [GOO-10]. When initiatives like flood
risk management, urban planning or emergency response depend on user-generated data, uncertainty
has to be reduced to a minimum. Traditional methods rely on the knowledge of highly trained experts,
which are in charge of the whole process. Volunteered geodata has to persist a couple of control
procedures. The quality assurance methods of VGI comprise, amongst others, the attribute accuracy,
positional accuracy, lineage, logical consistency and the completeness of present data [ALI-14]. The
quality also depends on the existence of a distinctive classification system or the motivation and
experience of the volunteers [ALI-14]. To guarantee at least a certain level of correctness and conformity
(by the increasing number of participants within crowdsourcing projects), some kind of thematic
introduction or training material has to be provided.
The qualities and opportunities of volunteered geographic information also reach higher governmental
levels nowadays. Creating a faster and more effective way of communicating with citizens also
contributes to a greater governmental transparency [JOH-13]. It offers the potential of an increase in
direct democracy, or citizens as decision makers, and mutual governance. The use of people as social
and economic sensors can lead to a leaner and less bureaucratic administration, which matches with
current developments of downsizing local authorities in western countries [JOH-13]. Relying on human
sensors provides not only faster and more frequent information, but also reduces the costs for additional
employees or resources. Another benefit from this two-way cooperation between citizens and the
government is the fact that, thanks to frequent polls and joint projects, economic or social decisions
match more with people’s needs and are therefore more likely to be broadly accepted throughout the
community [JOH-13].
Even though this approach sounds very reasonable, there are a number of obstacles to overcome before
VGI initiatives become an omnipresent phenomenon in governmental policy making and planning.
Some reservations concern data privacy, “organizational and cultural challenges, technological issues,
and issues involving the scaled and interconnected nature of governance” [JOH-13]. There are already
“normal” GI-systems implemented into official administrations, but there are four substantive areas
where there are still application possibilities. This includes citizen-oriented transit information, citizen
relationship management, citizen-volunteered geographic information and citizen participation in
planning and decision making [GAP-10]. The latter aspect can also be extended to urban planning and
disaster management in this case.
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Disaster management and risk reduction can benefit from the implementation of VGI and associated
initiatives. Before, during and after an emergency, people can write messages or send tweets with
georeferenced information about the situation and accumulate large amounts of valuable geodata. This
data then can be implemented in every phase of disaster management (preparedness, response, etc.).
Although there are some limitations of this method, which have to be considered [CAM-14], projects
like Ushahidi or the Humanitarian OpenStreetMap Team [HOT-17] have proven their usefulness in
emergency cases. VGI is based on rapidly developing technology and transforming social media, and if
it is able to adapt to future changes, the role of volunteered geographic information in human society
will continue to grow [CAM-14].
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2.5.2. Citizen Science

The second derivative of crowdsourcing which will be discussed in this chapter, is citizen science. It is
hard to find a distinctive definition for the term, because it includes different concepts and is perceived
differently in scientific literature. Some authors call it the “longest running of VGI activities”
[HAK-13] and some locate the approach more in a non-geographical environment [DON-14]. It can
possibly be defined as the participation of untrained volunteers in scientific research and the
simplification of scientific communication between the public and trained academics. This could include
different levels of engagement, like the active intellectual contribution of information or just the passive
supply of their tools and resources [SEE-16]. It aims to empower people’s thirst for knowledge in a wide
range of possible fields of application. Another major purpose of such an initiative is to broaden people’s
mind and to improve their cognitive capacities and skills through “democratic research” [SEE-16].
The role of the participating citizens can comprise the initial problem definition, the elaboration of
possible research objectives and in the final data processing and analysis. To deepen the public
understanding, the participation of voluntary contributors in the final discussion of the results is
essential. Just like the VGI approach, everybody can take part and get a scientific citizenship. There are
however similar cultural reservations about quality assurance and the missing experience or
professionality of the contributors. These problems regarding data quality have been extensively
addressed by the scientists. Some of the used methods include the provision of adequate formal training,
a close supervision of the contributions, the constant control based on topical literature, constant checks
for consistency with professional contributions and control points, conclusive queries about the
volunteer’s confidence and reliability as well as adapting the scientific tasks as simple and error-resistant
as possible [RIE-14]. These measures should assure a certain level of data integrity and weaken some
of the social concerns about using untrained citizens as sensors.
There are four consecutive levels of participation and engagement referring to citizen science initiatives,
which acts as a formal framework to organise and define distinctive citizen science projects [HAK-13]:
 Level 1 – Crowdsourcing: citizens act as sensors, includes volunteered computing
 Level 2 – Distributed Intelligence: citizens act as interpreters, including volunteered thinking
 Level 3 – Participatory Science: participation of citizens in problem definition and data acquisition
 Level 4 – Extreme Citizen Science: or collaborative science, includes problem definition, collection
and analysis of data (plus final discussion with researchers)
As noted before, citizen science does not have to be exclusively about geographic issues, but it can be.
This possibility raises the question, where the difference in comparison to volunteered geographic
information is. The data contribution by untrained volunteers and non-experts is one of the most
common features of those two approaches. One of the major differences however, is already retrievable
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from the concepts’ names: citizen science focusses on all levels of public engagement in scientific
initiatives, whereas VGI comprises more fields of application, like private activities (e.g. recreation,
vacation) or the already mentioned immediate disaster response. For this reasons, not all citizen science
can be considered as geographic and not all volunteered geographic information is scientific [DON-14].
One specific subtype of citizen science is geographical citizen science, which shares even more
similarities with VGI. It can be defined as the intersection between scientific research, public
participation and geographic information (Fig.31). Haklay [HAK-13] states that geographic citizen
science focusses heavily on the contribution of georeferenced data as a scientific activity, but because
of blurred boundaries between all crowdsourcing aspects, this categorisation cannot be seen exclusively.
Finally it should be mentioned, that there have been a number of commonly known examples of citizen
science projects over the last two decades. In 1999, the passive SETI@home project (Search for ExtraTerrestrial Intelligence) was released by Berkeley University, in order to use unused computational
capacity from volunteers for analysing radio telescope data [HAN-10]. Years later, similar projects were
initiated, like Rosetta@home and its successor project FoldIt (2005/2008, volunteers fold proteins in
various forms online), Stardust@home (2006, analysis of 1.6 million microscope images to find traces
of cosmic radiation) or Galaxy Zoo (2007, classifying the shape of galaxies and detecting new ones,
with data from Hubble telescope) [HAN-10]. All these examples confirm the variety of possible
scientific applications and the reason for existence of the citizen science approach.

Fig.31: Thematic intersections between public participation, scientific research and geographic information
(author’s illustration, based on [NOD-14])
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2.5.3. Usability in Modern Analyses

Some of the mentioned examples already indicate or confirm the value of volunteered geographic
information and geographic citizen science, used in modern data analyses. The usability is depending
on the research objective, the data contributors and the final users [HRD-13]. The significance of
geographic information in everyday’s life however, cannot be doubted. Tourists need navigation
systems or maps, captains and pilots rely on navigation charts, pupils learn about Earth’s variety with
atlases and disaster response authorities need accurate information to organise fast and effective
recovery efforts [GOO-08].
Speed, effectivity and saving of expenses are some of the major keywords for the dynamic development
of crowdsourcing, VGI and citizen science over the last few years. Smaller initiatives with lower budgets
are now more competitive than before, which increases the cultural and scientific diversity of a society.
There are however some common drawbacks of these approaches, which include data quality and civic
reservation about the reliability of information, that has been contributed by untrained volunteers. Till
now, everyone trusted maps and charts, because mapmakers and cartographers were qualified experts
in their professional area. Nowadays, with facilitated ways of creating and distributing maps over the
Internet, data reliability and quality is often questionable.
As the author is well aware, this thesis tries to answer a lot of questions about soil sealing, flood extent,
crowdsourcing and disaster management. One of the main objectives however, is the demonstration of
the wide array of possibilities which CS and in particularly geographic citizen science have to offer. To
avoid quality issues and ensure the usability of the analysed data, the assessment of accuracy and
accompanying quality management will be integrated in the data preparation process.
The open access to information is not always feasible due to various reasons. Either there is no social
demand for democratic science or there is a substantial lack of information. In his bachelor thesis, the
author wrote about missing geospatial cropland information in Myanmar, which is one of the major
requirements for assessing food security by humanitarian organisations. The paper, which was based on
the results of this analysis, stated that the combination of remote sensing techniques and VGI is an
“appropriate tool for gathering up-to-date land cover information of areas that are, for example, not
easily accessible or restricted”, although the agreements with various established land cover datasets
were rather moderate [ALB-14].
Another indication for the usability of the data used in this master thesis, is the publication of a research
paper, based on similar data by IIASA. Based on earlier generated FotoQuest data, Bayas et al.
[BAY-16] focussed on the application of gamification and mobile technology for crowdsourcing in-situ
data about land cover and land use. The following map [Fig.32] shows the original data from the first
FotoQuest campaign and compares it to an established dataset. Red points represent the validated FQA
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points, green points represent the available LUCAS points. Back then, half of the collected information
had to be excluded due to unsuitability, lack of quality or uncertainty [BAY-16] The results however
confirmed the benefit of the approach, but also pointed out the moderate agreement with established
datasets (70-80%). However, the project was considered a success and has been extended all over
Europe. The data basis used in this thesis is a result of this spatially and temporally extended project.

Fig.32: Original FQA data compared to the established LUCAS dataset from 2015 [BAY-16]

More on the two land cover classification initiatives FQA and LUCAS can be found in the corresponding
chapters. This paragraph however, concludes the thematic introduction. The following chapters deal
with the process of data collection, pre-processing, accuracy assessment, alternative methods, quality
management and assurance as well as the required methodology and technology. Afterwards, the
analysis procedures and the final results will be explained and presented.
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3. Data Preparation and Methodology

After providing a fundamental theoretical framework about integral parts of this master thesis (concept
definitions, disaster management and risk reduction, flood events, characteristics and appropriate
protection, soil sealing and urbanisation, as well as crowdsourcing and its derivatives VGI or geographic
citizen science), it is time for the methodical and practical part. This chapter includes the determination
of the research area, the methods and structure of the data acquisition (FotoQuest Austria, LUCAS, flood
extent, flood protection, elevation model and building density), the pre-processing and preparation of
the data and a statistical evaluation (general statistics and accuracy assessment).

3.1. Determination of the Research Area

As the main title has already revealed, the main focus of this master thesis is on the anthropogenic
influence on natural disasters alongside the Danube River in Austria. There are several reasons, why
this area has been chosen, including geographical proximity, adequate topography, urbanisation and the
availability of data.
 The first reason for choosing the research area was the proximity to the author’s residential area in
Vienna. The author lives in Vienna for nearly ten years and has acquired some good local knowledge
about the research area and its environment. This facilitates the basic understanding for the problems
and challenges of the area. Whenever there are problems or incomprehensibilities within the data,
additional information can be acquired through field trips, which could be scheduled at very short
notice.
 The second reason was the fact, that the Danube is a watercourse in an urban area. One of the main
objectives of this master thesis is the sealing of the soil and the potential correlation to flood extents.
Considering that, it would be quite handy if there is some kind of floodable watercourse near an
urban or densely populated area, with a certain history or frequency of flooding, Thanks to the
internationality of the Danube River and its importance for major industrial districts, the research
area provides the perfect combination for investigating the quite specific research question.
Additional information about urbanisation alongside the Danube is available in the corresponding
chapter about the Danube River (2.4.3. Current Situation at the Danube River).
 The third reason was that the provided data was only available in Austria. Thanks to a former
collaboration with the IIASA during the author’s bachelor study, it was planned from the start, that
this institute would be the perfect partner for writing on this master thesis. One of their current
projects was the FotoQuest Austria campaign and it was possible to receive some data. This
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information was good enough for investigating the author’s research objectives. As the name of the
project already indicated, the main focus of the FQA campaign was on the Austrian territory. This
facilitated the search for an appropriate research area, which combined watercourses running through
urbanised areas. With the help of IIASA’s successor project FotoQuest Go, it will be possible to
extend the research to other waterbodies and coastal areas all over Europe in the next few years.
 The fourth reason for choosing the research area was the denser distribution of data points alongside
the Danube. Probably the major reason for choosing the Danube River near Vienna was the apparent
high point density within the FQA data. The following illustration (Fig.34) shows the concentration
of data points in the Northern part of Upper Austria and alongside the Danube in Lower Austria. The
higher concentration enabled the author to analyse more complex issues, with a higher chance of
getting accurate results.
 The fifth reason was the higher degree of applicability and practicality for the society. It may sound
harsh, but research in densely populated areas may possibly be more “important” than in sparsely
populated rural areas. The intensified research in large cities could have more positive consequences
to a larger amount of people, because of the higher structural applicability of its results and the
following adaption of official planning strategies and disaster management.
With these reasons and arguments in mind, the author first narrowed the research area down, from the
whole of Austria to just the three states with direct connections to the Danube River: Upper Austria,
Lower Austria and Vienna (Fig.33).

Fig.33: Course of Danube River in Austria and the affected provinces with yellow data points
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Fig.34: Distribution of collected validations in the affected Austrian provinces in 2015

Fig.35: Data of the selected research area together with its surrounding environment in 2015
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As mentioned before, there are two clusters of data points near the Danube, in the northern part of Upper
Austria and in central Lower Austria. The previous chart (Fig.34) clearly depicts this situation and shows
the higher data point density in and around the city of Vienna. The Austrian capital is not only one of
Europe’s leading centres for arts, crafts, music and science, but it is also one of the few European cities
with more the one million inhabitants. With almost 1.9 million people living in an area the size of approx.
414 square kilometres, Vienna features a population density of more than 4500 people per square
kilometre [STA-17] and can therefore be considered as a densely populated area.
All this made it the perfect testing ground for new and advanced scientific research methods, like
crowdsourcing and citizen science projects. The final determined research area (Fig.35) eventually
extends from Krems an der Donau in the West to Breitstetten in the East, and from Ernstbrunn in the
North to Mödling in the South. This spans over an area of approximately 4000 square kilometres
(90 x 50 kilometres) and includes many various landscapes, like sparsely populated areas in the Vienna
Woods, agricultural land, small towns as well as the bustling city of Vienna.
Even within the boundaries of the Austrian capital, there are wide ranges of land cover types or land use
prevailing. The following chart (Fig.36) illustrates the degree of soil sealing in the urban morphological
zones (UMZ) of Vienna. Although the cartographic visualisation is improvable and the class sizes differ
inconsistently, it is possible to detect, where the most sealed and impervious areas are within the city
limits. The densely populated inner quarters are also the most sealed spaces (red colour). Areas which
only show a low degree of sealed surfaces are either parts of the Vienna Woods, the Danube itself or
parks and recreation areas. There are however many heavily sealed areas which are in close proximity
to the Danube River and its canals.

Fig.36: Degree of soil sealing in Vienna in 2011 based on the urban morphological zones [EEN-11]
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3.2. Data Acquisition

The acquisition of data is always one of the integral parts of crowdsourcing projects or geographic
citizen science campaigns. The ascertainment of specific research questions and areas, as well as the
development of appropriate tools, are surely some of the most challenging components of such a
scientific undertaking.
For these reasons, the focus of the next chapters is on the description of the data acquisition campaign
FotoQuest Austria (conducted by IIASA) and comparable initiatives. Information about the
development of the freely available application will be provided, as well as the individual stages of data
contribution via untrained volunteers or users. The different available land cover classes (on which the
final analysis is based on) and the land use classes will be discussed, followed by a short exemplary
overview over all contributed data in tabular form.
The next subchapter focusses on the Land Use and Cover Area Samples survey (LUCAS), which was
chosen as the ground-truth for the accuracy assessment. Although there are a number of established land
cover datasets available, LUCAS and its classification scheme was used as a model during the design
process of the FQA project. As a result of that, there are nearly identical class types or sample points,
which may contribute positively to the data quality and accuracy.
In order to prove the point, that geographic citizen science data is capable of determining possible
correlations between soil imperviousness and flood extents, there is a need for details about high water
lines, the extent of past flood events and a reliable damage estimation. This challenging data search will
focus on the major inundations in the Danube region in 2002 and 2013, because these two floods had
been examined quite comprehensively by various official and commercial institutions. The Austrian
Federal Ministry for Transport, Innovation and Technology (BMVIT) is the federal administration for
all waterways and inland shipping, and has conducted numerous investigations of recent flood events.
The most frequent and accurate data is available for the flooding in 2013. The author fortunately
managed to acquire data about flood discharge areas, the accretion and erosion of sediments and the
effects of protective measures and damages.
The last subchapter of the data acquisition process discusses portable and permanent flood protection in
the research area. These structural defence measures include permanent installations like flood barriers,
dams or protective walls, and portable facilities like filled plastic tubes, sandbags or aqua fences. The
data was kindly provided by the Federal Ministry for Transport, Innovation and Technology. This
official administration has long-term experiences in collecting flood data, conducting projects in the
area, collaborating with numerous relevant offices and even with predicting future developments or
events and taking respective measures.
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3.2.1. The IIASA FotoQuest Austria Project

The FotoQuest Austria Project (FQA) was initiated by the International Institute for Applied Systems
Analysis (IIASA) in Laxenburg, Austria, and the internationally active Zurich Insurance Group. IIASA
is a leading scientific research facility near Vienna and was founded in 1972 to investigate sustainable
solutions for natural, human, social and technological systems [IIA-16]. The research programs include
ecosystem services and global health, hydrological systems, global pollution and air quality, sustainable
energy systems, as well as risk and resilience studies. The FQA project is part of the Ecosystems Services
and Management Program and aims at German-speaking volunteers who want to participate in a
scientific adventure and explore the countryside. The main objective is to collect geographic data for
sustainable spatial planning, which could oppose the increasing land consumption and permanent soil
cover. The biggest prevailing problem today is the inadequate supply of in-situ data in affected areas.
Changes in land use or cover and the degree of urbanisation are therefore difficult to measure in a proper
way. Scientists from IIASA tried to create a database for land cover and land use information, which
exceeds the quality of other established databases in order to contribute to climate change research,
resource management, flood risk reduction and spatial planning. The relevance and urgency of these
specific research areas have already been described sufficiently in the thematic introduction.
The FQA project started in July 2015 (parallel to similar campaigns like Cropland Capture and Picture
Pile) and is defined as one of the flagship citizen science projects done by the IIASA research team.
However, in the corresponding chapter about crowdsourcing and its derivations, the differences between
citizen science and volunteered geographic information (VGI) have been discussed as detailed as
possible. The conclusion of this comparison was, that not all citizen science projects use geographic
information, and not every VGI project can be considered as scientific. The FQA project on the other
hand, comprises all three determining domains: scientific research, public participation and geographic
information (Fig.31). Based on these definitions, FotoQuest Austria has to be declared as a geographic
citizen science project, because of its intersection with all characteristic attributes and combination of
the citizen science approach with volunteered geographic information.
In order to collect and analyse any geographically relevant information, some kind of scientific initiative
had to be created. FQA is only the first in a series of similar campaigns and it is based on a freely
available application, which can be used on personal computers, tablets or smartphones. The platform
is currently just supported by the two operating systems Android and iOS. As already indicated, the
FotoQuest app was programmed to suit the Geo-Wiki tool and certain web mapping services [BAY-16].
It also uses a programming interface for exchanging data in the background, without affecting the user
interface of the tool, and open source databases for storing and maintaining the collected spatial
information [BAY-16].
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The collected data of the FQA project was processed and rectified at first, and then made available to
the public via the Geo-Wiki online tool, which provides a number of established land cover datasets and
applications or campaigns, together with their own products like hybrid global land cover maps
[GWO-17]. Some of this information has already been used for the author’s bachelor thesis on using
volunteers for improving traditional land cover products.
The comprehensive information can be used for sustainable spatial planning or, as raw data, for this
master thesis. The main profiteer is the ordering customer and financier Zurich Insurance Group,
because the results will be analysed and implemented by the company’s flood resilience alliance.
The following figure (Fig.37) shows the original FotoQuest logo and illustrates the initial focus on
Austrian territory. With the implementation of FotoQuest Go, the initiative has been extended onto the
whole European continent. In order to scientifically measure the impacts of human activities and climate
change on the carbon sequestration of forests, soils and wetlands, reliable and frequently updated
information is vital. Benefitting from the Pokémon Go hype, IIASA launched the new and extended
FotoQuest Go application, which is usable all over Europe. The best and most accurate contributors can
win material prizes as special incentives. One of the consequential effects of this project is the education
of people about environmental problems and hazards, as well as raising the awareness on potential
disasters and risks. The campaign shares some aspects with the Geocaching game, where people use
GNSS to go on treasure hunts around the countryside. In case of FotoQuest Go however, participants
do not find small gifts, but take pictures and answer questions about the surrounding environment.

Fig.37: Initial FotoQuest Austria logo by IIASA [CSN-15]
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The functionality and organisation of FQA and its succeeding projects will be discussed on the following
pages. The first step for the player is to download the application on a personal computer or mobile
device and register with a specifically created account. When using the programme for the first time, an
overview map appears and shows selectable locations for potential validations in different colours. A
screenshot of the application’s user interface (in German) is illustrated in the following Figure (Fig.38).
Blue points stand for places which have not been handled yet, yellow points marks the multiple
validation of this location (up to five times) and red points symbolise that more than five people have
already visited the location. The less a place has been validated, the more points can be earned. The
maximum point value is 100 for an unvisited location. This should encourage the actual players to
explore the country and visit new and unattended validation points more frequently. Figure 39 shows all
the available quests in a closer local area with their respective points achievable. When the player is
closer than 50 metres to the location, the quest can be started and the appropriate button appears.

Fig.38: Location of available quests in the area

Fig.39: Quest in a closer local area with achievable points
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When the quest has started, the player has to choose whether the point is accessible or not, and if the
point is visible from the distance or not. If the location is inaccessible but visible, the player has to take
a picture in the direction of the point in order to complete the quest [BAY-16]. If the player has access
to the point and the spot is clearly visible, he or she will be asked to take pictures in all four directions
North, East, South and West (Fig.40). The FQA application uses the built-in compass of the smartphone
in order to ensure the right direction. If the arrow is green, the agreement is good enough and the picture
can be taken (Fig.41). If the arrow turns red, the direction is too far off the correct direction and taking
the picture is not possible. The line within the camera mask marks the horizon (Fig.41), which helps the
player to photograph one third of the sky and two thirds of the prevailing landscape (if necessary). After
all four directions are done, the player is asked to go five steps backwards and take a picture of the
correct location of the spot on the ground.

Fig.40: Introduction for taking the right pictures

Fig.41: Player is asked to take a picture in northern direction

If all pictures were taken correctly, the player now has to classify the prevailing land cover and land use
with the help of a number of predefined options. Based on the established LUCAS classification system,
there are eight main categories: artificial landscape, cropland, woodland, shrubland, grass land, bare
land and lichens, water areas and wetland. Every category has a number of subcategories, which are
listed in the following table (Tab.2). Additionally to the given options, there is always the possibility of
choosing an unknown land cover. After selecting the appropriate land cover type, the player is “asked
to select a radius, which provides an indication of how homogeneous the land cover is around the point
location” [BAY-16]. The intervals range from smaller than 1.5 metres, to smaller than 10 metres, smaller
than 25 metres and bigger than 25 metres. The smaller the range is, the more heterogeneous is the
surrounding environment. The larger the patch of the specific land cover is, the more homogeneous is
the landscape. The next step is to select the appropriate class of land use. The categories were adopted
from the LUCAS hierarchical nomenclature and comprise of 14 possible classes (Tab.3).
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Artificial Landscape
(A)
Cropland
(B)

Woodland
(C)
Shrubland
(D)
Grassland
(E)
Bare Land and Lichens
(F)

Water Areas
(G)
Wetlands
(H)

Land Cover
built-up areas
artificial non built-up areas
other built-up areas
cereals
root crop
industrial crop
dry pulses, vegetables, flowers
fodder crop
fruit trees
broad-leaved woodland
coniferous woodland
mixed woodland
sparse tree cover
shrubland without tree cover
sparse tree cover
grassland without tree cover
re-vegetated surfaces
rocks and stone
sands
lichens and moss
other bare land
standing water body
running water body
glacier, permanent ice
swamp
peat bog
salt marsh

Tab.2: Classification of prevailing land cover (adapted translation from German interface)

Land Use
agriculture
forestry
aquaculture and fishing
mining and quarrying
production primary sector
energy production
industry and manufacturing
transport
water supply and waste treatment
construction
information service
recreation, leisure, sport
residential area
natural unnused area
Tab.3: Classification of prevailing land use
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When all the classifications are done, the player can finish the quest and upload the validated data and
pictures (Fig.42). This could either happen immediately after the validation or at a later time. The player
receives a confirmation if the upload has been successful and if the information has been saved (Fig.43).
The next screen offers an overview about all completed quests and the collected points (Fig.44). All the
achieved points are recorded in a ranking list, where the players can compare themselves to each other.
These rankings are subsequently used in combination with the contributed data quality, to determine the
final placement of the players and potential qualification for material or financial prizes.

Fig.42: Finalisation of the quest

Fig.43: Successful upload of the data

Fig.44: Completed quests and points

Throughout the FotoQuest Austria campaign, additional information has been collected about the ways
and methods the application could be improved. All these ideas were evaluated and implemented in the
follow-up project, called FotoQuest Go (FQG). There are some differences between the first FQA
campaign and the succeeding FQG. The main screen has been refreshed and updated. The icons and font
style have been newly designed, but offer the same functions as before. One of the main differences
between the two projects is, that the newer FQG does not offer a drop-down menu with all the predefined
categories anymore, but asks the player a series of questions about possible land cover types and the
user has to choose yes or no.
The most important difference however, is the expansion of the potential research area from Austria to
the whole of Europe. This means that the range of possible players increases from 8.5 million in the
country to more than 500 million on the whole continent.
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The original FotoQuest Austria campaign started in July 2015 with the launch of the mobile application
for Android and iOS. In order to introduce the project to the broader public in Austria, the campaign has
been advertised in television and radio broadcasts. There were also strategically placed ads in
newspapers and social media channels, always in combination with short demonstration videos and
material or financial incentives (smartphones and tablet computers). The campaign formally stopped in
September 2015 and therefore ran only for three months. Some players continued until December 2015
and collected an extra amount of information and doubled the originally intended running time. This is
one example of the possibilities, citizen science projects can provide: (more or less) large amount of
data in short period of time.
The basis data for this master thesis was extracted at the initial target date. More than 2300 quests were
played in the course of three months. More than 200 individual users visited over 1800 unique locations.
Around 12,000 pictures have been taken, which were mainly geo-tagged (the GPS-coordinates were
recorded). An estimated three-quarters of all players used the Android platform on their mobile devices,
around one quarter used the version available for Apple’s iOS platform. Additional and more specific
statistics follow in the corresponding chapter (3.3.1. General Statistics).

Tab.4: Exemplary section of the provided FotoQuest Austria data

The previous table (Tab.4) summarises some exemplary sections of the collected data by the FQA
campaign. It offers information, amongst others, about the location, date and time the user was on his
quest, potential obstacles and reasons why a certain sample point had to be skipped, if the location was
visible or not and which kind of smartphone the corresponding volunteer used. Some of the data fields
are listed and explained on the following page:
 The sample point ID offers its own individual identification number for every potential point. A lot
of the collected FQA data points share the same coordinates with the established LUCAS dataset.
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They were chosen on purpose to provide a comparability between crowdsourced data and
information collected by experts. Additional information and the corresponding analyses will follow
in the course of this master thesis.
 X and Y coordinates describe the actual location of the validated sample point.
 The User ID points out all the individual users and is used for quality checks and the awarding of
financial and material prizes for the best and most accurate contributors.
 Information about Platform and Device ID provides details about the contributor’s mobile device.
 Skip Reason defines the reason, why a point could not be validated properly and has been skipped.
This includes bad GPS-connectivity, private properties or inaccessibility.
 Just like mentioned before, the Score is one of the foundations for the awarding of monetary and
material prizes. The higher the score for one validation is, the less volunteers have already validated
the individual sample point.
 Visible describes the visibility of a point and provides details if the sample point is accessible and
assessable or not. The two values are true (“t”) and false (“f”).
 The Timestamp offers information about the exact time, the location was validated.
 Comments provide additional information about the validated sample point, whether it was accessible
during the visit or not, or if there is an immediate change in land cover detectable.
 Legend Item ID and Legend Item Name are two of the most important columns of the dataset, because
they comprise of the information about land cover and the classification scheme.
 The values of Radius provide information about the accessibility of a certain location and from how
far the ground pictures had to be taken or the land cover class had to be chosen.
 Media Item Name explains from which project the information comes from (e.g. FotoQuest Austria).
 Just like mentioned before, every picture is stored at one of the IIASA’s online servers. With the help
of the listed Photo URL, it is possible to check individual points and change a questionable
classification if necessary. This feature was used for the assessment of the quality management and
issues.
 The field photo transaction provides information of the time the pictures had been uploaded.
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3.2.2. LUCAS – Land Use and Cover Area Samples

Before the FotoQuest Austria data is intersected with information about the 2013 flood extent or
discharge area, the quality of the collected data has to be guaranteed. If volunteers contribute to scientific
research, there is always the fear of substandard data quality. Their missing educational background and
training can pose a risk to the validity of the results. Most of the reasons and arguments were discussed
in the chapter about crowdsourcing and geographic citizen science.
In order to be sure, that the present data is reliable and as accurate as possible (and more or less usable),
an accuracy assessment is one of the most important parts of the data processing. This includes the
comparison of two datasets, in order to assess the crowdsourced classification’s validity and accuracy.
The first dataset are the results of the FQA campaign, and the second one is an established land cover
or land use dataset, which serves as the ground-truth.
As stated before in the corresponding chapter about soil sealing in a time of urbanisation
(2.4.4. Comparable Research), there are various established land cover datasets currently available for
Europe and other regions (e.g. GLC, GlobCover, Copernicus, MODIS, CORINE etc.). One of them is
the LUCAS dataset, conducted by the European Union (EU-28). The acronym stands for Land Use /
Cover Area frame Survey and executing operators state that the collected data provides perfectly
“harmonised information for studying a range of socioenvironmental challenges, such as land take, soil
degradation or biodiversity” [LUC-16] for EU member countries. It is considered to be probably the
only official dataset with in-situ data for the EU’s territory [BAY-16].
The first campaign of its kind was held in 2001, in order to provide an overview over the predictable
crop yield for the European Commission, based on a reduced number of participating member countries
[LUC-16]. The remarkable success, the increasing amount of collected information and the frequent use
by the governments and decision makers, led to a reconfiguration of the project and its methodology.
From now on, a three-year interval was implemented and the main focus was on land use and land cover
instead of agricultural issues [LUC-16]. The new character of the survey was introduced in 2006 and
from then on, every survey is carried out in two steps. In the first phase there are systematic samples,
with points spaced two kilometres apart from each other all over the European territory, which lead to
more than 1.1 million individual points [BAY-16]. Each of these generated points is then photointerpreted by experts and classified into eight predefined classes, which are very similar to the
classification system, used by the FQA campaign (Tab.2). The following Table (Tab.5) shows these
classes, used by the LUCAS land cover classification system. This system has been adapted and
extended over the past one and a half decades, in order to become comparable to other international
classification systems (e.g. United Nation’s FAO and other European information systems) [LUC-16].
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Tab.5: LUCAS – Land cover classification system [LUC-16]

As it is clearly visible in the table (Tab.5), most of the different classes and subclasses are nearly
identical to those, used during the FotoQuest Austria campaign. The IIASA project is therefore deeply
interwoven with the LUCAS survey and wants to maintain an unlimited comparability and mutual
utilisation of standardised methodologies and data collection processes. With a view to simplify the
technical procedures and a horizontal hierarchy, a lot of subclasses have been summarised and
generalised throughout the course of the campaign.
However, the second phase of this land cover survey comprises of a derivation of fewer sample points,
which are then visited and evaluated by trained experts (field surveyors) in the course of a field survey
[BAY-16]. “The stratified sample is selected independently in each NUTS level 2 region fixing precision
targets for the estimates of the main land cover classes” [LUC-16]. The threshold of accessibility in this
field study varies between 1000 and 1500 metres. When the surveyor arrives at the sample point, he or
she has to follow a set of predefined protocols and written instructions, to ensure the consistency of the
collected data. These tasks are also quite similar to the FotoQuest Austria project: every sample point
has to be photographed in all four cardinal directions and on the ground [BAY-16]. Afterwards, the
surveyor has to take notes about the prevailing land cover and land use on the sample point and the
proximate surrounding, based on the mentioned hierarchical classification systems. In addition to that,
the surveyor has to walk alongside a 250 metre long transect in an easterly direction, in order to register
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any given change in land cover and land use [BAY-16]. If necessary, even soil samples had to be taken
in ten percent of all visited points. These samples can provide information about soil types and textures,
sequestrated organic carbon and even trends in soil degradation [LUC-16]. All these necessary
instructions, explanations and optional examples for the smooth conduct of the project were summarised
by Eurostat in a 74-page long technical reference document [EUS-13].
This extensive field work led to an amount of more than 273,000 samples all over Europe, which have
been surveyed by 750 experts in the year 2015 [BAY-16]. Around 8800 sample points were surveyed
on Austrian territory in the course of the 2015 survey of the LUCAS project, using the mentioned
classification system (Tab.5) [BAY-16]. The LUCAS land use classification scheme however (Tab.6),
uses only 14 categories, which are quite similar to the 15 FQA land use classes (Tab.3).

U110
U120
U130
U140
U210
U220
U310
U320
U330
U340
U350
U360
U370
U400

Land Use
agriculture
forestry
aquaculture and fishing
mining and quarrying
energy production
industry and manufacturing
transport, communication networks, storage, protective works
water and waste treatment
construction
commerce, finance, business
community services
recreation, leisure, sport
residential
unused
Tab.6: LUCAS – Land use classification theme [LUC-16]

When choosing an established dataset as a ground-truth in order to assess the accuracy of a
crowdsourced dataset, it is important to know how accurate the reference data actually is. Comparing
FQA data with the results of LUCAS is only advisable, when the quality of the latter data is sufficient
and reliable itself. There are a number of security mechanisms installed, to ensure the demanded data
quality. During the collection campaign, an automated quality test checked the contributed information
for completeness and consistency [LUC-16]. When the data in the field has been validated and
transmitted to the respective data storage, every submitted sample was reviewed and checked by trained
experts in the regional or central offices [LUC-16]. After these two steps of quality assurance, an
independent controller checks all the contributed information again and:
 controls the accuracy and adherence of all LUCAS requirements for 36% of the samples and
 checks the first 20% of validated points of each surveyor for systematic errors [LUC-16].
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The main reason why the author chose LUCAS as the comparable ground-truth in this thesis is obviously
the affiliation between the two compared datasets and the similarity between their respective land cover
classification schemes. Major parts of the FQA campaign’s structure are intentional derivatives of the
Land Use and Cover Area Samples. This facilitates the basic understanding and the subsequent analysis
in the course of this master thesis. Other land cover datasets may have more contributed samples, but
their classification scheme or original assignment differs more from the crowdsourced FQA campaign.
Another reason for choosing LUCAS as a comparable ground-truth is the fact, that it is an established
dataset, conducted by a highly respected supranational organisation. The combination of experts
working for the European Union, the European statistical office Eurostat and the Joint Research Centre
(JRC), ensures a perfect inter-comparability with other databases, reliable scientific working methods
and standardised and harmonised surveying methodologies.
There are however other comparable datasets available, which have been mentioned before in this thesis.
These include, amongst other examples, the Climate Change Initiative (CCI), the Global Land Cover
Network (GLC), Globcover, GeoCover, Copernicus, MODIS and CORINE.
Today there are a number of published studies, which also use the LUCAS dataset for their research and
as a basis for their analyses or estimations. Gallego [GAL-08] points out the scientific usability of the
LUCAS dataset for European crop area estimations, whereas Ballabio [BLL-16] maps the physical
properties of European topsoil on a continental scale for instance. Other exemplary uses for the LUCAS
data are the estimation of soil organic carbon content in the European Union (key word: soil samples)
[PAN-13] or the estimation of soil erodibility, using the point survey data [PAN-12]. The LUCAS
dataset is also used for numerous economic, environmental and social projects within the European
Commission. These include the Directorate-Generals for Agriculture and Rural Development,
Environment, Enterprise and Industry or for Climate Action [LUC-16]. Even the European Environment
Agency (EEA) uses this data as their base data for analysing climate change and biodiversity.
More about the actual comparison of the FotoQuest Austria campaign with LUCAS data and the quality
assurance, follows in the corresponding chapter about accuracy assessment and quality management
(3.3.2. Accuracy Assessment with LUCAS Data).
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3.2.3. Flood Extent or Flood Discharge Areas

Finding precise and detailed data about the flood extent and damage alongside the Danube River was a
challenging task. Although there is various research of this area available about flood events, floodplains
and damages, a lot of the information was quite vague, rough or on a small-scale. Some studies focused
on major floods in 2002 and 2013, but basis geodata (e.g. flood attack lines) is rarely accessible for the
research area. There was a lot of information available about flood flow rates, risk zones, flood depths,
retention areas and flood attack lines. This data, provided by the Danube Reference Data and Services
Infrastructure (DRDSI), focussed unfortunately only on rivers and other watercourses in the state of
Upper Austria, where the data density of the geographic citizen science project FotoQuest Austria was
too low for further investigations.
As mentioned above, some studies were focussing on the Danube floods of 2002 and 2013. Even though
these two flood events were eleven years apart, they are definitely connected to each other, due to similar
water levels and precipitation quantities. As a consequence from the 2002 inundations, a number of
initiatives and projects were conducted, which focussed on the mitigation of and preparation for the next
flood event. A comprehensive survey of the weaknesses and weak points of flood protection and
response in vulnerable areas led to a series of construction measures, in order to improve permanent and
portable flood protection. These initiatives and structural improvements alongside the Danube and its
numerous inflows seemed to be a success, proven only eleven years later.
In May and June 2013, a complex system of low pressure areas formed in the eastern Mediterranean,
following a long winter and a slightly delayed wet spring. The already saturated soil contributed
significantly to the extent and spreading speed of the following inundation [LFW-15] in seven European
countries (Austria, Czech Republic, Germany, Hungary, Poland, Slovakia and marginally in
Switzerland). In addition to that, the amount of precipitation was way above-average. The following
figure (Fig.45) illustrates the daily and total sums of rainfall in Austria between May 29 th and June 4th
2013. On average, the daily precipitation was between 90 and 175 mm, with the Tyrolean village of
Niederndorferberg leading the record with a daily total of 175 mm [LFW-15].
The total amount of precipitation for the duration of the event was up to 365 mm. The large amount of
rainfall in this short period of time only happens once in 500 years according to official statistics
[LFW-15]. The most severely affected areas were Vorarlberg, Tyrol, Salzburg, Upper Austria, Styria
and Lower Austria. In Germany, most of the rainfall concentrated in southern and eastern parts of the
country (e.g. Bavaria, Baden-Württemberg, Saxony, etc.). This resulted in an increased precipitation
quantity in the catchment area of the Danube River, which is also depicted in the following figure
(Fig.59). Nearly all tributaries of the Danube swelled up and intensified the effect on the river even
more.
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Fig.45: Daily sums and total sum of precipitation in Austria between May 29th and June 4th 2013 [LFW-15]
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The combination of saturated soils, large amount of precipitation and the short period of time of the
whole event resulted in a flooding with an annuality of 300 years. This value means that such an event
is quite rare and happens only once in 300 years, according to recorded statistics. In today’s official
spatial planning and disaster management, this information is usually used to examine past events and
try to predict the extent of floods for different annualities. In most of the cases, participating agencies
or surveyors focus on events, which statistically happen every 30, 100 or 300 years. These extents are
designated as HQ30, HQ100 and HQ300, because high water is abbreviated with “H” and the flow
quantity with “Q”. There are also other rates available, but not as frequent as the three rates mentioned.

Fig.46: Predicted flood areas for 30-, 100- and 300-year floods in the research area

The map above (Fig.46) shows these predicted flood areas for inundations with an annuality of 30, 100
and 300 years in the research area. In case of a HQ30 event (dark blue), large parts north of the Danube
will be flooded between Krems and Stockerau. Looking at satellite imagery however, it is obvious that
these areas are mostly undeveloped or uncultivated and a flood would not cause severe damage. It
appears that policy makers are well aware of the threat of a HQ30 and have therefore excluded these
areas from further urban development. Anyway, the extent of a HQ100 differs not that much from a
HQ30. Looking at the tables with all potential water levels, the differences are only between 50 and 70
centimetres and can be restrained by the same flood protection measures most of the time. There are
only a few less altered tributaries which would overflow during a HQ100. In case of a HQ300 however,
large areas which are developed and cultivated would additionally be inundated. This would include
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towns and villages like Korneuburg, Stockerau, Absdorf, Zwentendorf and Krems. Thousands of people
would be at risk and large areas of vulnerable agricultural land and forests could be destroyed.
Interestingly enough, the city of Vienna only shows flooded areas around the Danube Island
(Donauinsel), but nowhere else. This matter of fact indicates high quality flood protection (mobile or
permanent) and sufficient urban planning strategies in this densely populated area.
All this information leads to the questions, whether all this predicted areas were actually inundated in
the 2013 floods and how the distribution of water was influenced by the degree of sealed surfaces. This
information can be retrieved by investigating the actual flood discharge areas of the Danube River.
As already mentioned before, the 2002 flooding in Central Europe caused severe economic,
environmental and social damages in the affected regions. These events required extensive
investigations in potential causes, reinforcing factors, social and structural neglect, disaster recovery
situations, bad spatial planning policies or insufficient protection measures. Official bodies like the
Federal Ministry for Transport, Innovation and Technology (BMVIT) or the provincial governments of
Upper and Lower Austria invested time, money and effort into hydrological and structural analyses of
this catastrophe. New methods and technologies were developed, to improve all four phases of the
disaster management circle (response, recovery and restoring order, mitigation and preparation for the
next event). Because of this efforts, all sorts of economic, environmental and social damages were
reduced during the substantial flooding in 2013. This is rather astonishing, considering the fact that the
latter catastrophe had higher flow rates, water levels and partly exceeded even the HQ300 predictions
[LFW-15]. After this event, the same official bodies conducted new projects and investigations on how
effective the implemented measures were and where there is still room for improvement.
Some results of these investigations will be used for the final analysis in this master thesis about potential
correlations between soil sealing and flood extent. For instance, one of the most important datasets
contains the flood discharge areas of the Danube River during the inundations in 2013. These polygonal
representations cover every location which has been flooded by the overflowing Danube. The following
map (Fig.47) illustrates these flood discharge areas and the two different methods, which were used to
receive the data. The first thing that is noticeable, is the fact that the major parts of the inundations in
2013 happened on the northern river bank, between Krems and Stockerau. Only a few areas on the
southern river bank around Klosterneuburg and Schwechat show slight gluts. Possible reasons like
topography, river training measurers or permanent flood protection systems will be discussed in the
following chapters.
However, it is also depicted in the following map (Fig.47), that there are two distinctive classes of
flooded areas. This is a result of two different methods used for modelling the specific discharge areas
(interpretation of aerial imagery and additional in-situ surveys).
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Fig.47: Flood discharge areas derived from aerial photography (measured) and from external sources (added) in 2013
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The first and more traditional method is based on the interpretation of georeferenced aerial photographs
or orthophotos. Right after the initial flood event, private companies and the Austrian armed forces were
commissioned to take pictures of the inundated areas with high resolution cameras and according to a
predefined pattern. The photographs then were orthorectified and transmitted to the corresponding
agencies (e.g. BOKU, BMVIT etc.). The large amount of data was processed in a GIS environment and
formed the basis for further digital interpretation. Every inundated area was covered with polygons,
representing the official flood discharge areas. The following picture shows a comparison of the digitally
evaluated flood discharge areas on the left and the actual orthophoto on the right (Fig.48). This work
step was carried out for every affected region alongside the Danube and its tributaries in Austria.

Fig.48: Comparison of geodata evaluation and aerial photograph of Greifenstein in 2013 ([VIT-15], edited)

The other method of receiving the required data is based on additional external data. This external
contributions include field surveys, bridge sensors, electricity supplier (e.g. Verbund) and measurements
of local authorities or disaster relief teams. All these gathered information was checked for data quality,
added to the GIS project and adapted by trained experts. The results for the research area can be seen in
the previous map (Fig.47). Inundated areas which were measured from orthophotos are coloured light
blue and areas derived from additional external data are depicted dark blue. The latter category
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apparently covers the major part of the flooded area, especially undeveloped zones. Other ways of
getting similar data would include automated interpretation of up-to-date satellite imagery, which were
too imprecise in this case.
The section displayed in the following map (Fig.49) shows the actual combined flood discharge area of
2013 in comparison to the extent of the predicted HQ300 event. In some parts of Upper Austria and
Lower Austria, the discharge areas equalised or even exceeded the predicted extent of a 300-year event.
There are however only very small patches in the research area, which were inundated alongside the
approximately 107 kilometres of the Danube River and not disclosed in the HQ300 plan. A few larger
areas (yellow polygons) show the predicted floodplains of a 300-year event, which were not inundated
during the 2013 floods, but in 2002. Most of the measuring stations recorded equal or higher flow rates
and water levels during and after the 2013 events, but the flood extent was significantly reduced
compared to the 2002 events. This is mainly based on the improved and newly created flood protection.
However, the major differences between the discharge areas and the HQ300 extent, which are retrievable
from the dataset (Fig.49), may be due to permanent infrastructure just like the Stockerauer express road.
Investigations on a large scale map confirm the assumption that the road and its foundations function as
an artificial dam, which retains high water levels just below a HQ300 event.

Fig.49: Combined discharge area of the flood in 2013 compared to the HQ300 model
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3.2.4. Additional Factors and Information

In order to be able to conduct a supporting analysis about the relationship between the imperviousness
of soil and the 2013 flood extent, which focusses on the explanation of the calculated correlations from
the FQA data and the supervised classification, further information has to be gathered and added. In the
following chapter, all the additional important data will be introduced and discussed shortly. This
includes general data about the research area, data from official governmental bodies, internet platforms
or information from other professional sources.
The general data section consists mostly of already familiar information about the extent of the research
area (which is based on the distribution of FQA points), the borders of the two affected Austrian states
Vienna and Lower Austria, as well as the course of the Danube River. Other features, which will be
used during the following analyses, include:
 points of the FQA campaign, which comprise the distribution of the FotoQuest Austria unique sample
points in the research area and their corresponding land cover classifications (Fig.61)
 reclassified FQA points, in order to illustrate the unique sample points in the research area which
represent the attributes sealed (1) or unsealed (0) (Fig.69)
 reclassified LUCAS points for the illustration of comparable sealed (1) and unsealed (0) areas
 an interpolated map (IDW) of all the sealed surfaces in the research area based on FQA points, with
a threshold for sealed or unsealed areas with 0.5 (Fig.72)
 the distribution of sealed surfaces in the research area, based on the comprehensive automated
supervised classification (SVC) of millions of picture elements or pixels (Fig.68)
Another important part of the general data is the Digital Elevation Model (DEM). A DEM is a digital
representation of a certain area’s topography and commonly represented as a raster dataset. This grid of
squares consists of numerous pixels, which feature different grey tones. These grey scales contain the
height information, ranging from white (higher areas) to black (lower areas). The elevation model for
the research area is illustrated in the following mapping (Fig.50).
The basic data was acquired through the Earth-Explorer platform [EEX-17], which is a product of the
United States Geological Survey (USGS). It offers various datasets like aerial imagery, declassified
Keyhole satellite imagery, global land cover situations and trends, Landsat data, radar and LIDAR
information as well as vegetation monitoring for nearly every location on the planet. In this case, the
data for the Digital Elevation Model was retrieved from the Advanced Spaceborne Thermal Emission
and Reflection Radiometer (ASTER), which is an US-American and Japanese co-production.
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Fig.50: Digital Elevation Model (DEM) of the research area

The section of the DEM, which will be used in the following analyses, is illustrated in the figure above
(Fig.50). Other sources for additional information were, amongst others, the Federal Ministry for
Transport, Innovation and Technology in Austria (BMVIT) and the Provincial Government of Lower
Austria (NOE). This section of the collective dataset contains information, which has already been
mentioned in the previous chapter, and some new and important data about the potential water depths
in case of a flood event in the research area. Additional information includes [VIT-15]:
 the predicted average water depths of inundated surfaces in the research area alongside the Danube
River in case of a 30-year event (HQ30), provided by BMVIT
 the predicted average water depths of inundated surfaces in the research area alongside the Danube
River in case of a 100-year event (HQ100), provided by BMVIT
 the predicted average water depths of inundated surfaces in the research area alongside the Danube
River in case of a 300-year event (HQ300), which is shown in the following figure (Fig.51)
 the actual flood discharge area or flood extent of the 2013 event, based on the combination of aerial
photograph interpretation and local surveys by official bodies (Fig.47)
 the predicted flood extent in case of a 30-year flood (HQ30) in the research area alongside the Danube
River (Fig.46), based on the provincial government of Lower Austria (NOE)
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 the predicted flood extent in case of a 100-year flood (HQ100) in the research area alongside the
Danube River (Fig.46), based on the provincial government of Lower Austria (NOE)
 the predicted flood extent in case of a 300-year flood (HQ300) in the research area alongside the
Danube River (Fig.46), based on the provincial government of Lower Austria (NOE)

Fig.51: Average water depths in the research area in case of a 300-year flood event (HQ300)

Another major source for additional data is the Electronic Navigational Chart (ENC). It is basically an
electronic map of all navigable water bodies, for navigating through oceans, seas, lakes, rivers and along
coastlines. Provided by the Donau River Information Services (DORIS), the ENC includes traffic
regulations, the locations of fairways, buoys, restricted areas, signs, structures or obstacles [ENC-17].
Main advantages of this electronic chart are the frequent data updates, different levels of detail and
additional information about individual objects [ENC-17]. This thesis only uses a selection of reasonable
and enhancing datasets, including:
 hydraulic structures like dykes, levees, floodwalls, fences, groins, ground sills, training walls or
revetments (if existent), some examples are shown in the following map (Fig.52)
 additional information about built-up areas near the Danube River, which contain a certain amount
of buildings, roads, rails or other forms of infrastructure, in this case as polygon-features
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 additional information about built-up areas near the Danube River, which contain a certain amount
of buildings, roads, rails or other forms of infrastructure, in this case as point-features
 a collection of bridges, tunnels, piers, pillars and other overhead obstructions [ENC-08]
 other forms of exceptional navigational structures just like anthropogenic dams or barriers, in order
to raise the water level or as a form of flood prevention [ENC-08], as shown in the map (Fig.52)
 every integral part of a lock system, such as locks, lock basins, docks, walls and gates (Fig.52)
 natural dunes, walls or ridges, which were retained or improved by experts in order to keep potential
high water within the original river course [ENC-08], also illustrated in the following map (Fig.52)
 the courses of non-navigable rivers, side arms or tributaries of the Danube River, which may or may
not be connected to the actual riverbed of the Danube (Fig.52)
 additional information about the normal average water depth of the Danube River (Fig.52)
 and polygonal information about the dry land area surrounding the water bodies as an opposition to
the river courses and tributaries [ENC-08], also retrievable from the following map section (Fig.52)

Fig.52: Used elements of the Electronical Navigation Chart (ENC) for inland shipping on the Danube River (selection)
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In addition to these three big complexes listed before (general data, federal agencies and governments,
Electronic Navigational Chart), the financial, social and environmental damage in case of a flood event
is also worth mentioning at this point. In 2002 alone, the disastrous flooding in Central Europe resulted
in a property damage of an estimated 15 billion Euro, from which three billion Euro worth of damage
was observed in Austria alone [VIT-15]. About eleven years later, after the flood event in 2013, damages
of only 870 million Euro were estimated in Austria, although there were higher flow rates than in 2002
[VIT-15].
The following map (Fig.53) offers an overview about a selection of different types of damages, after the
2013 flood event. First, there are official numbers of damaged buildings in the research area. As it
appears, most of the registered damages included more than 50 buildings, in the western part of Krems
and near Klosterneuburg. Other types of damages include structural impairments, mostly of local
infrastructure, agricultural land, hydraulic structures and other facilities. Another problem was the
recorded sediment shift. The Austrian part of the Danube River showed a higher amount of sediment
erosion (a minus of 12,350,000 cubic metres) after the 2013 flood, than sediment accretion (a plus of
6,589,000 cubic metres). This redistribution of masses during the inundation, also had a massive
influence on the high water levels and the flood extent alongside the whole Danube River course.

Fig.53: Different types of damages due to the 2013 flood event and resulting sediment shifts in the research area
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Because of this sediment shift, some areas were inundated, although the flood prediction for a 300-year
event (HQ300) did not disclose them as vulnerable (and vice versa). There are however other influencing
factors, which may or may not affect the distribution of flood discharge areas and the propagation speed.
In order to investigate the correlations between soil sealing and flood extent, based on the FQA data and
the automated supervised classification, open data from corresponding platforms like OpenStreetMap
was imported. With the appropriate plugin for QGIS, it was possible to select OSM data for the research
area, containing all the information available. All required features like building footprints and the
prevailing street network were extracted and saved as polygon and polyline shapes. After clipping the
shapefiles with a 4500 metre buffer polygon, it covers the same specified area, which will be investigated
in chapter 4.3. Soil Sealing and the Correlation to Flood Extent. The following map section (Fig.54)
shows a part of the research area near Korneuburg with the OSM building footprints and the street
network. In addition to that, the river course, other water areas and the discharge area of the 2013 flood
event were also incorporated. This will be the data base for general area statistics and the comparison to
the results of the potential correlations, based on FQA data and the supervised classification.
All these freely available datasets, presented over the previous pages, will be used in chapter 4.3.2. about
the traditional approach of investigating the potential relationships between soil sealing alongside the
Danube and the flood extent (using open data and unrestrictedly accessible governmental platforms).

Fig.54: Section of Korneuburg with building footprints and traffic infrastructure from OpenStreetMap
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3.3. Data Pre-Processing

The next part of this master thesis focusses on the pre-processing and preparation of the data. Since the
analysed information was generated through volunteers during a geographic citizen science campaign,
several quality and consistency checks have to be carried out, before finally analysing the data. Starting
with a closer look at the general statistics of the raw and processed data, the chapter continues with an
accuracy assessment, with LUCAS 2015 data as comparable ground-truth. The chapter about quality
management and issues provides an insight into the problems and challenges that occurred during the
data preparation. A supervised classification from satellite imagery provides a reasonable comparison
to the FQA classification in the research area. The discussion of the applied methodology and technology
concludes the chapter about data pre-processing and preparation.

3.3.1. General Statistics

The following tables (Tab.7, Tab.8) provide general information about the data used in this master thesis.
This data has been separated into three parts: the original raw data, the processed data and the
information concerning only the research area. The original dataset consists of more than 19,900 rows
of information. This includes five rows for each validation with the same information, because every
picture which has been taken in the five directions (North, South, West, East and on the Spot) created
one row in the dataset. After filtering the information just for the spot, less than 3000 rows of information
remained, because for calculating the general statistics and the accuracy assessment, only one data row
per validation was enough. The next step was the elimination of every unusable point, which could not
be attended or accessed due to inaccessibility or invisibility.
After all these processes were performed, only 1945 validations (Tab.7) for 1483 individual sample
points were left (Tab.8). After choosing the research area alongside the Danube River, the number sank
to 592 validations for 393 unique sample points. This is nearly a third of the processed data and only a
quarter of the original raw data. This may be caused by a higher number of inaccessible or private
locations.
During the pre-processing of the data, the number of individual users and contributors sank from
originally 208 people, to 207 and finally 80 people in the research area (Tab.7). This implies a decrease
of more than 60%. Similar developments continue, when investigating the average validations per user
(Tab.7). The arithmetic mean is the sum of all validations divided by the number of users. The original
data offers a value of 11.4 validations per user, whereas the processed data only offers 9.39 validations.
Focussing only on the research area however, the value sinks to an average of 7.4 validations per user.
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This means that the number of individual validations is actually quite low, although there are a number
of users playing the FQA application. The middle value of the dataset (median) offers a constant value
of two validations per user (Tab.7). This calculation eliminates statistical outliers and provides more
information of how much the individual user actually contributed. The difference between these two
values may be due to some strong and motivated individual volunteers, which may or may not be closely
connected to the project.
The maximum validations per user in the original data are 501. Considering the 2372 total validations,
this means that more than 21% of all information was contributed by only one person. After processing
the data, the maximum validations sank to 207 (10.6%). The highest amount of validations per user in
the research area is 140, which implies that more than 23% of all the information was contributed by
one person. This could cause either positive (consistency) or negative (error susceptibility) effects on
further analyses. The minimum amount of validations per individual user is always one (Tab.7).

User Validations

Original Total Data

Processed Total Data

Research Area

Total Validations

2372

1945

592

Individual Users

208

207

80

11.40

9.39

7.40

2

2

2

Maximum Validations per User

501

207

140

Minimum Validations per User

1

1

1

Validations per User (arithmetic mean)
Validations per User (median)

Tab.7: General statistics about the voluntary contributions by the Users / Players

The next table (Tab.8) focusses on the validated samples. Originally there were 1849 unique sample
points, which were narrowed down to 1483 after the data processing. In the research area there are only
393 sample points left, which were validated 592 times. This indicates an arithmetic mean of 1.51
validations per sample, which is actually an increase from the original data. All original information
offer an arithmetic mean of 1.28 validations per sample point. A value of 1.51 means that every unique
sample point has been validated one and a half times. Such a value is actually rather low and leaves
quite a lot of room for errors. As a result of that, additional quality assurances like accuracy assessments
are necessary, which will be discussed in the following chapter.
The median value offers only one validation per sample (Tab.8). To ensure a good and reliable result,
the value should be at least around three or four validations per sample point as a minimum. However,
the maximum number of validations per sample in the research area is ten. This point has been visited
ten times by the users and can therefore be clearly designated. The minimum amount of validations per
sample is only one.
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Validated Samples

Original Total Data

Processed Total Data

Research Area

Total Validations

2372

1945

592

Unique Sample Points

1849

1483

393

Validations per Sample (arithmetic mean)

1.28

1.31

1.51

Validations per Sample (median)

1

1

1

Maximum Validations per Sample

11

11

10

Minimum Validations per Sample

1

1

1

Tab.8: General statistics about the validated samples

To provide an insight into the actual statistics of validations per sample, the next Figure (Fig.55)
illustrates the number of validations per sample point using the data for the research area only. It is quite
obvious, that most of the locations were validated only once. With a share of 73.54%, nearly threequarters of the sample points were visited only once (289 of 393 unique locations). Only 15% were
visited twice (59 locations). Approximately 5.34% were validated three times (21 locations), 2.80% four
times (eleven locations) and 2.04% were validated five times (eight locations). The lowest amount of
validations per sample are six times (0.51%, two locations), eight times (0.51%, two locations) and ten
times (0.25%, one location). No sample point has been visited seven or nine times. In summary it can
be said, that almost 90% of all unique sample points, were validated only once or twice.

Validations per sample point in the research area
73,54%
70%

60%

50%

40%

30%

20%

15,01%

10%

5,34%

2,80%

2,04%

0,51%

0,00%

0,51%

0,00%

0,25%

6

7

8

9

10

0%
1

2

3

4

5

Fig.55: Number of validations per sample point using the data of the research area
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Another point of view for looking at these statistics is illustrated in the following figure (Fig.56). This
chart shows the number of validations per user on the basis of data from the research area, divided into
five classes. The main reason for presenting this diagram, is to illustrate how often the 80 individual
users contributed information for the FQA project. As already mentioned before, a large number of users
only contributed one validation to the dataset. Exactly 46.25% of all volunteers only validated once,
which means that 37 out of 80 individuals did not want to take part in the campaign anymore, after their
first try. Some of the causes were hopefully evaluated by IIASA team members, before they launched
their successive FotoQuest Go campaign for the whole of Europe.
The next class comprises all the users which contributed from two to ten validations to the FQA dataset
(Fig.56). The value of 40% equals 32 individuals who validated this often. Another class represents all
the users, which validated between eleven and 20 times (two individuals). Only 5% contributed between
21 and 30 validations (four individuals), and 2.5% between 31 and 40 (two individuals). Only three
players can be considered as power users, because they each validated more than 40 times (3.75%). In
summary, more than 86% of the volunteers (or 69 individuals) only contributed less or equal to ten times
to the FotoQuest Austria campaign. Compared to the crowdsourcing project, the author already worked
on for his bachelor thesis, these values are substantially smaller. In 2014, extracts of this similar
crowdsourcing project have been published [ALB-14], which showed an average of nearly 293
validations per user (arithmetic mean) or 205 respectively (median). The results of the analyses were
quite promising, even if the producer’s and user’s accuracy were capable of improvement.

Validations per user in the research area
46,25%
45%

40,00%
40%
35%
30%
25%
20%
15%
10%

5,00%
5%

2,50%

2,50%

3,75%

0%
1

2-10

11-20

21-30

31-40

Fig.56: Number of validations per user using data from the research area
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Another point that can be discussed, is the reason why so many sample points could not be validated
properly and were therefore skipped by the players. This statistic is only available for the original raw
data, because the processed data and the information for the research area only consists of useful and
valid data, which has been validated properly. There were 792 omissions in total during the 2015
campaign. The following pie chart (Fig.57) illustrates the three main classes of reasons, why the sample
points were skipped. The classes are based on inaccessibility, private property and technical problems
during the validation. Some original examples of the main skip reasons are:
 Inaccessible: field, highway, construction site, crop land, dense forest, airport, golf course, in the
water, maize field, military compound, obstacle, trees, transformer station, vineyards, fence…
 Private property: private property, on private ground.
 Technical problems: bad GPS signal.
The main problem with 36.36% was that the sample point lay on private property (288 skips). Not far
behind with 34.97% were technical problems, mainly due to bad GPS connectivity (277 skips).
Inaccessibility was the third most common reason for skipping the sample point. With 28.66%, there
were a lot of agricultural, forestal and infrastructural obstacles in the way (227 skips).

Skip Reasons - Original Data

28,66%
36,36%

34,97%

Private Property

Technical Problems

Inaccessible

Fig.57: Different classes of skip reasons during the FQA campaign
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The most important part of the general statistics is the distribution of the different validated classes in
the research area. The following bar chart (Fig.58) displays the percentage of all different class types
prevailing in the research area, on basis of the FQA dataset. This information is the basis of further
analyses, concerning possible correlations between soil imperviousness and the extent and damage of
recurring flood events. Artificial Landscapes, Cropland, Woodland, Shrubland and Grassland are of
particular interest in the following cases.
The research area encompasses an area of approximately 4000 square kilometres (Fig.35) and offers the
living environment for more than two million people. However, according to the data, only a quarter of
the area was classified as artificial landscape. Around 27.95% of the nearly 400 unique sample points
were categorised as class A. The highest share of all the classifications refer to cropland (class B) as the
prevailing land cover. With 46.67% nearly half of the area was considered as agricultural or farm land.
This means, that nearly three-quarters of all the visited sample points were one of these two classes.
The remaining six classes of the FQA classification scheme shared the remaining one quarter of the
validations. Woodland (C) offers a share of 11.03% and Shrubland (D) only 2.82%. Grassland (E) is the
fourth most common land cover type in the research area with 7.18%, whereas Bare Land and Lichens
(F) only cover 1.03%. The Water areas (G), including the Danube River, cover more than 3% and
surrounding Wetlands (H) around 0.26%.

Classification in the research area (IIASA)
46,67%
45%
40%
35%
30%

27,95%

25%
20%
15%

11,03%
10%

7,18%
3,08%

2,82%

5%

1,03%

0,26%

0%
A-Artificial

B-Cropland

C-Woodland

D-Shrubland

E-Grassland

F-Bare Land

G-Water

Fig.58: Percentage of the different IIASA class types prevailing in the research area (n=390)
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If we consider that the research area encompasses approximately 4000 square kilometres, then nearly
1120 square kilometres would be artificially sealed or impervious, 1870 square kilometres cropland and
850 square kilometres of areas with a prevailing vegetation (woodland, shrubs, grass).
The next chart offers similar information (Fig.59). It shows the percentage of the eight land cover class
types prevailing in the research are, based on the comparable LUCAS dataset. In this case however, only
143 unique sample points are usable. Due to the different number of sample points, comparing these
two figures should be considered with caution. Looking at the two graphs however, there is a similar
trend derivable. They both show similar peaks and lows for the classification types, although the
percentages differ a bit. The Artificial Landscape (A) offers 23.08%, which is only 4.87% less than in
the FQA dataset. According to the LUCAS survey, nearly 40% of the research area is covered with farm
land (B). This is approximately 6.80% less than the FQA campaign suggests. The land cover type
Woodland (C) offers 11.89%, which is quite similar to the FQA value. Shrubland (D) with 4.90% and
Grassland (E) with 16.08% nearly double their values in the LUCAS survey. This is one of the most
considerable differences between these two land cover datasets. Bare Land (F) covers around 0.70% of
the research area. Water areas (G) with 3.50% and Wetlands (H) with 0% almost stay the same compared
to the FQA data. Although there are some remarkable differences in the share of the different land cover
classes, the main distribution and trend can be treated as similar and therefore comparable.

Classification in the research area (LUCAS)
39,86%
40%
35%
30%
25%

23,08%

20%

16,08%
15%

11,89%

10%

4,90%

3,50%

5%

0,70%

0,00%

0%
A-Artificial

B-Cropland

C-Woodland

D-Shrubland

E-Grassland

F-Bare Land

G-Water

Fig.59: Percentage of the different LUCAS class types prevailing in the research area (n=143)
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The distribution of different land cover types is not surprising for a European country like Austria. The
research area comprises a wide array of different landscapes, including the metropolis Vienna, the
mighty Danube River, parts of the Vienna Woods and large areas of agricultural land. The differences
are resulting from the different amount of validations and unique sample points.
As already indicated before, most of these sample points were visited only once during the FQA
campaign, which also reflects in the score statistics. Every first validation of a certain point awarded the
participating user 100 points for their account. If the player was the second visitor of the same unique
sample point, he or she just got 90 points for the validation. This system was designed to offer an
incentive for the exploration of new and remote places, in order to generate a wide spectrum of
validations. However, the more often a location was visited, the fewer points the user received (e.g. 81,
72, 65, 59, 53, 43 … 10, 2, 1). This surely did not encourage the players to visit an already validated
location and therefore decreased the data quality.
By looking at the percentages of the most frequent scores (Fig.60), it is possible to take an educated
guess about the data’s quality. If nearly three-quarters of all the scored points stand for the one-time
validation of a location, the resulting quality can be considered questionable. Just like mentioned before,
the more often a unique point was validated, the better it was for the resulting data quality. Further
research about the quality and reliability of the information has to be done.
More than 72% of all validations were first-time and last time visits of a unique location. About 11.70%
of the analysed locations generated 90 points, or were therefore visited twice. Approximately 16% of
the unique locations scored less than 90 points. The average score in the research area is approximately
89.32. Less points per average would have been an indicator for better data quality and reliability in this
case. Anyway, not every one of these sample points offered a value in the dataset. This means, that these
numbers cannot be compared to the former statistics straightaway. They are just mentioned for the
purpose of getting an idea, what one of the reasons for a possible below-average data quality might be.

Most frequent scores

16,04%
11,70%
72,26%

100 pt

90 pt

< 90 pt

Fig.60: Most frequent scores during the FQA 2015 campaign
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This chapter concludes with a chart, showing the spatial distribution of all the remaining 393 validated
land cover classifications, contributed during the FotoQuest Austria campaign (Fig.61). The values for
validations per user or validations per sample point from the last few pages, indicated that there is great
potential for the use of crowdsourced data, but only if there is a sufficient amount available. The main
problem of the FQA dataset is still the improvable spatial distribution of classified sample points all
over the country. The campaign obviously did not appeal to a wider public, which led to a considerable
amount of one-time users.
However, as the following chapter about the accuracy assessment will show, there is still enough
information with sufficient data quality available, in order to carry out suitable analyses for this master
thesis. The following map about the distribution of all classifications (Fig.61), shows the fundamental
basis on which the coming calculations will rely on. It shows all eight land cover types and their unique
locations. The colours correspond to the ones used in the preceding tables about the FQA class types.
It is obvious, that most of Vienna was classified as artificial landscape (grey dots, containing transport
infrastructure, buildings and otherwise sealed surfaces), as well as Stockerau, Korneuburg, Traismauer
and other relevant cities and villages. A visual interpretation and estimation of the classifications,
overlaying satellite imagery, seem to confirm their credibility and reliability. To make sure, that the
crowdsourced information about this area is as accurate as possible, the next chapters focus on accuracy
assessments, quality management and issues within the data.

Fig.61: Distribution of all land cover classifications based on the FQA data
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3.3.2. Accuracy Assessment with LUCAS Data

Whenever someone is working with crowdsourced data, quality appears to be one of the major issues of
this method. Untrained volunteers contribute most of the geographic information via citizen science
projects or mobile applications. Crowdsourcing initiatives always require a conceptual framework,
which ensures the consistency, quality and reliability of the generated information. Several ways of
guaranteeing a certain level of data credibility and user motivation, in the course of a crowdsourcing or
citizen science project, have been discussed in the corresponding chapter about the crowdsourcing
approach and its geographic derivatives.
A well established and elaborate way of estimating the correctness of crowdsourced data is the accuracy
assessment. This mathematical method provides information about the quality of classification results
by comparing them to a certain ground-truth. The main conclusion of the accuracy assessment is the
degree of how much the voluntarily generated data represents the real world [MKA-07]. In this case,
the LUCAS dataset was chosen as the ground-truth. This method is only appropriate, when the groundtruth is accurate and reliable. The main contracting authority of LUCAS was the European Commission
and the survey was conducted by trained experts all over the continent. This should vouch for a certain
degree of reliability. In general, however, if established global land cover datasets (GLC, CORINE,
MODIS, LUCAS etc.) are compared to each other, they only match in approximately 80% of all cases.
This points out the base-uncertainty, which dominates the scientific use of land cover information.
The LUCAS dataset from 2015 was used in a number of research projects in the past two years and very
often delivered solid and reliable results. As a result of that, it was chosen as an appropriate groundtruth or reference data (Producer) for assessing the FQA dataset (User). Not every unique sample point
of the FotoQuest campaign had an associated LUCAS point, due to different sample sizes or sampling
methods and missing classifications. That is why out of the 393 unique FQA points, only 143 could be
compared to corresponding LUCAS points. There were however enough sample points to compile a
decent assessment, which provides statistical information about the overall, user’s and producer’s
accuracy.
All eight different land cover types were compared to each other in the subsequent figure. The accuracy
assessment is usually displayed as a confusion or error matrix (contingency table) and all following
explanations are based on results of the following confusion matrix (Tab.9). The abbreviations of the
classes used in this matrix are as follows:
A

Artificial Landscape

E

Grassland

B

Cropland

F

Bare Land and Lichens

C

Woodland

G

Water Areas

D

Shrubland

H

Wetlands
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The overall accuracy is the division of correctly classified sample points by the total amount of sample
points (Tab.9). In this case, all the matching numerical values, which have been highlighted in the
appropriate colours (29, 52, 11, 1, 5, 0, 4, 0), were divided by the sum of all validated sample points
(n=143). The result is 71.33% (or 102 out of 143 compared points) and therefore not as high as the
author had wished. It can be considered as a viable agreement, but approximately three times out of ten
occasions, the classification does not correspond to the reference dataset (LUCAS). As indicated before,
one of the main problems of this value is, that there is no further information whether the disagreement
is evenly distributed between the different land cover types, or if some classes offer an excellent
agreement and some others do not agree at all. As a result of that, it is necessary to calculate the values
for the much more informative user’s and producer’s accuracy.
The user’s accuracy provides information about the correctness of the data from a user perspective. In
this case, it is represented by the FQA dataset. The user’s accuracy corresponds to the disagreement of
commission or inclusion, which is why this method is also referred to as commission error [PDX-12].
It provides details about the probability of a crowdsourced classification, representing the land cover
type in the reference dataset or the real world [MKA-07]. The arithmetic way is defined as follows:
𝑈𝑠𝑒𝑟 ′ 𝑠 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 𝑝𝑜𝑖𝑛𝑡𝑠
𝑅𝑜𝑤 𝑡𝑜𝑡𝑎𝑙𝑠

A perfect agreement of 100% can be found for water areas (class G). All four classifications coincide
with the reference data (Tab.9). However, this value is quite inconclusive, because of the small amount
of validations. The second highest value of user’s accuracy can be found for the woodland class (C). A
very good agreement of about 84.62% indicates, that eleven out of the 13 classifications done by the
FQA volunteers represents the real world (or rather the reference dataset) correctly. This means by
implication, that the commission error is just 15.38%. The next higher percentage amounts to exactly
80% for the cropland class (B). This very good agreement of 52 out of 65 classifications, leads to a
commission error of 20%. With 61.70%, only 29 out of 47 classifications were validated correctly in the
artificial landscape (A). This rather moderate agreement implies a commission error of 38.30%.
Shrubland (D) and Grassland (E) both only have a user’s accuracy of 50%, which means that only half
of all classifications done by volunteers correspond to the IIASA dataset (generated by trained experts).
This is equivalent to a moderate agreement. The classifications for bare land (F) and wetlands (H) both
offer a value of 0%. This means, that there was no agreement between the FQA campaign and the
LUCAS survey and that both commission errors are 100%. However, the small amount of validations
(two in class F) or the absence of any classification at all (class H) put these low values into some
perspective. Overall it can be said, that the accuracy from the user’s perspective is improvable and partly
based on the low amount of comparable data. A similar land cover project was conducted by the author
during his bachelor thesis, which offered values for the user’s accuracy between approximately 75%
and 80%.
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The producer’s accuracy on the other hand provides information from a producer’s perspective. The
reference data in this case is the same LUCAS dataset from 2015. This method calculates the probability
of a certain point in the real world (or reference dataset) complying with the same land cover class in
the crowdsourced dataset. The producer’s accuracy therefore corresponds with the disagreement of
omission (exclusion) and is called omission error [PDX-12]. The arithmetic way is defined as follows:
𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑟 ′ 𝑠 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 𝑝𝑜𝑖𝑛𝑡𝑠
𝐶𝑜𝑙𝑢𝑚𝑛 𝑡𝑜𝑡𝑎𝑙𝑠

The highest value for the producer’s accuracy with 91.23% can be found within the cropland
classifications (B) (Tab.9). This almost perfect agreement means that 52 out of 57 validations in the real
world (reference dataset) also represent the same class on the crowdsourced data (FQA). The omission
error in this case would be 8.77%. The next highest value is 87.88% for artificial landscapes (A). About
29 out of 33 classifications are labelled accordingly and therefore offer an omission error of only
12.12%. With 80% producer’s accuracy, water areas (G) seem to have a substantial agreement.
Unfortunately, there were only five classifications in total and therefore this value can be considered as
not conclusive enough. Woodland classifications (C) however only offer a producer’s accuracy of
64.71%, which can be described as a moderate agreement. Just eleven out of 17 classifications define
the probability for the sample points of the reference data to be labelled accurately in the FQA dataset.
The omission error is a substantial 35.29%. Grassland (E) has only a slightly fair agreement with 21.74%
(omission error 78.26%). Out of 23 classifications, only five of them seemed to be correct. Even lower
is the slight agreement for Shrubland (D) classifications with 14.29%. Only one of seven is represented
correctly. Just like before, bare land (F) and wetlands (H) only offer values of 0%. This may again be
due to the inconsiderable low amount of available classifications.

LUCAS (producer)

Overall Accuracy
71.33%

A

B

C

D

E

F

G

H

Sum of validated
sample points

User's
Accuracy

A

29

3

3

2

10

0

0

0

47

61.70%

B

3

52

1

3

5

1

0

0

65

80.00%

C

0

1

11

1

0

0

0

0

13

84.62%

D

0

0

0

1

1

0

0

0

2

50.00%

E

1

1

2

0

5

0

1

0

10

50.00%

F

0

0

0

0

2

0

0

0

2

0.00%

G

0

0

0

0

0

0

4

0

4

100.00%

H

0

0

0

0

0

0

0

0

0

0.00%

Sum of reference area

33

57

17

7

23

1

5

0

143

Producer's Accuracy

87.88%

91.23%

64.71%

14.29%

21.74%

0.00%

80.00%

0.00%

IIASA
FQA
(user)

Tab.9: Confusion matrix of the first level land cover classifications
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Summarised it can be said, that the three highest values of the producer’s accuracy offer substantial
agreements and are therefore acceptable and suitable for the whole analysis. However, four of eight
classes only have values between zero and 22%, which is way too low for a proper accuracy assessment.
Just like mentioned before, one of the major reasons for this situation may be the low amount of
potentially comparable classifications. Out of more than 2000 unique FQA sample points all over
Austria, only 393 remained in the research area. However, only 143 of them offer accordant locations
with its maternal LUCAS dataset.
The last indicator for determining the degree of agreement between the reference data (producer) and
the results of the classification matrix, is Cohen’s kappa. This statistical estimate for inter-rater
agreement, takes the potential agreement by chance into account [ALB-14]. It reflects the differences
between the “actual agreement and the agreement expected by chance” [PDX-12]. The method is
considered to be more robust and reliable than just the percentages of user and producer accuracies. The
main formula (Fig.62) is quite complex and it is not necessary to describe the arithmetic way exactly at
this point. For the sake of completeness however, Cohen’s kappa can be characterised as the observed
accuracy minus the agreement by chance, divided by one minus the agreement by chance:

Fig.62: Equation for calculating Cohen’s Kappa (Ƙ-value) [AAS-13]

Comparing the reference dataset and the geographic citizen science dataset FQA, the calculated Cohen’s
kappa value is 0.6013. This indicates only a moderate agreement between these two datasets. In other
words, there is only a 60% better agreement than just by chance alone. This reflects similar results of
the author’s findings in the course of his bachelor thesis. A crowdsourced dataset of cropland cover in
Myanmar was compared to three established land cover datasets (GLC2000, MODIS2005, GlobCover
2005) and on hybrid map by IIASA. The values back then only were between 0.4 and 0.5, without
exception. This was most likely because of the already mentioned disagreement within these datasets
[ALB-14].
When focussing only on the three major land cover classes (artificial landscape – A, cropland – B,
woodland – C), the value for Cohen’s kappa rises significantly, from a moderate agreement of 0.6 up to
a substantial agreement of 0.81. This shows that, the more classified sample points are available in the
dataset, the higher the degree of agreement might be. These three land cover classes comprise of more
than 85% of all classifications and also offer the highest significant values for the user’s accuracy as
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well as the producer’s accuracy. The following diagram juxtaposes both these accuracies for each of the
eight land cover classes (Fig.63).
It is obvious that the values for the user’s accuracy differ widely from the producer’s accuracy. The
closest data convergences can be found for all classifications concerning cropland (B) with a difference
of just 11% and woodland (C) with 19.91%. The highest discrepancies on the other hand are between
the user’s accuracy and producer’s accuracy for shrubland (D, 35.71%) and grassland (E) with 28.26%.

User's and Producer's accuracy
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Fig.63: User’s and Producer’s accuracy of each class

The collective conclusion of this accuracy assessment can be described as indecisive. The overall
accuracy (71.33%) indicates a rather good agreement, which indicates the worth of the crowdsourced
dataset for this master thesis. However, if someone only relies one this value, it may lead to an incorrect
sense of accuracy [PDX-12]. Some of the individual values in both the user’s accuracy and producer’s
accuracy, indicate a worryingly low degree of agreement. The main problem seems to be the low amount
of FQA data. Not only the number of unique sample points (n=393) is too low, but also the amount of
corresponding reference data for the comparison (n=143). Some other possible explanations for the
moderate accuracy are potential mistakes in the crowdsourced classifications or errors in the reference
dataset, which was used as the ground-truth. As already implied, a lot of established land cover datasets
show considerable disagreements up to 20%. This may also contribute additionally to the moderate data
accuracy. Some ways of improving the data and prevent errors in future projects include the selection
of more appropriate reference datasets, facilitate the classification process during the in-situ validation
and incentivise an increased data generation, so that more usable data could be generated.
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A paper by some of the IIASA project team members also covered the comparison for FQA data and
LUCAS data [BAY-16]. They focussed however on the complete dataset, covering sample points all
over the Austrian territory, and the different levels of hierarchy in both land cover (LC) and land use
(LU) classifications. Their overall accuracy is with around 69% quite similar to the 71.33% of this thesis.
It is even more than two percentage points lower. This could mean, that the volunteers performed even
better in the research area as in the whole of Austria. From this point of view, the data quality on which
this thesis is based, may not be as mediocre as it seems. When comparing both user accuracies (FQA)
and producer accuracies (LUCAS) for the five major land cover classes of the research area (Danube)
and of Austria (Fig.64), it is quite obvious that in almost four out of five cases, the accuracies within the
research area (diagonally descending bars) were considerably higher as all over the country (diagonally
ascending bars). This could indicate an immanently higher accuracy of this master thesis’ data.

Accuracy comparison for research area and Austria
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Fig.64: Comparison of both user’s accuracy (UA) and producer’s accuracy (PA) for the five largest classes of the FQA
dataset and the LUCAS 2015 dataset in the research area (Danube) and all over Austria

The published paper by IIASA also compared the lower levels of hierarchy for land cover and land use
classifications [BAY-16]. Land cover subclasses came with much more detailed information about the
different classes and the prevailing ground cover. The overall accuracies however turned out to be much
lower with approximately 37% for second level land cover and around 23% for the third level. This may
be caused by a lack of training for the volunteers on identifying different crop types and tree species.
This low amount of accuracy was also one of the major reasons why for this thesis only the more accurate
first level land cover classifications were chosen.
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After all these general statistics and different methods of calculating accuracy assessments, it would be
quite convenient to illustrate the participating sample points on a chart. The following map (Fig.65)
shows all the 143 unique locations, used in the previous accuracy assessment between the FQA dataset
and the LUCAS 2015 survey results. All green squares stand for total agreement between the
classifications of the two datasets and all red square represent total disagreement. As indicated before,
71.33% of all locations were classified consistently, which resulted in 102 (green) agreements. However,
around 28.67% of all comparable sample points were classified inconsistently. This resulted in the
remaining 41 (red) disagreements.
As the disagreement map shows (Fig.65), there is no conspicuous distribution of the two classes. There
is apparently no form of clustering or dependency on a specific type of land cover class prevailing.
In fact, the distribution of agreements and disagreements appear to be evenly across the whole research
area, covering the city of Vienna and its surroundings, as well as the bigger part in the West.
There is however one concern, which has been extensively discussed in this chapter about the accuracy
assessment: the number of usable sample points for the comparison. However pleasing the disagreement
map and the distribution of the points may look, the significance of the expressed information could be
improved by introducing more comparable LUCAS points in this urban area by the European
Commission. Nearly 400 sample points were implemented in the FQA campaign by IIASA, but only
approximately 36% of them offer a corresponding counterpart in the LUCAS dataset for a comparison.

Fig.65: Map of the research area showing agreements and disagreements from the accuracy assessment
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This expandable number of comparable data also has effects on further analyses. The following map
(Fig.66) shows an interpolation of the previous disagreement map (Fig.65). It was created to provide a
general view of the potential situation concerning the disagreements of the two datasets in the research
area. The interpolation method was the Inverse Distance Weighted Interpolation (IDW), which predicts
possible values for the unclassified areas between the sample points by measuring existing values and
providing nearer points with a higher weight. Normally, this method is used in cases, were enough
sample points provide a good basis for the calculation, therefore it would be standard for analyses like
this. As a result of the rather manageable amount of validated unique sample points, the following map
is not as significant for the overall analyses as it could have been with a higher density of individual
sample points.
The basic message of the map is that the possibility is quite high, that near the points, which disagree in
the accuracy assessment, there is also a certain amount of uncertainty. This could be a result of the
inaccessibility of certain areas, private properties or a bad connectivity to telephone networks or global
navigation satellite systems (GNSS). The map (Fig.66) indicates, that there are no specific topographic
or anthropogenic reasons, why the points of disagreement are distributed this way. The corresponding
patches do not show signs of a significant cluster or even distribution. Some of the possible explanations,
why there are disagreements at all, were discussed extensively in the corresponding chapter. The map
should only provide a short thematic overview.

Fig.66: IDW interpolation of the disagreement map in the research area
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3.3.3. Quality Management and Issues

After discussing the results and implications of the accuracy assessment between the crowdsourced FQA
data and the established LUCAS dataset, there is now the opportunity for dealing with general quality
management and accompanying issues. The following paragraphs discuss some of the problems and
challenges which appeared in the previous data preparation process and decreased the amount of suitable
data in the research area significantly. This includes the classification quality of the individual users,
inconsistency within the classifications, some black sheep among the volunteers, changes of
classifications throughout the project and uncertainties because of borderline cases.
The previous accuracy assessment indicates that just about 71% of all the compared sample points were
classified correctly in the Fotoquest Austria campaign (if LUCAS data is accepted as the impeccable
ground-truth). Some causes, like the moderate amount of comparable samples, were already mentioned
in the last chapter. Another contributing factor for the rather viable agreement however, may be the
inconsistency within some of the validations. Although nearly three-quarters of all sample points were
visited only once, some of the repeatedly validated points revealed a collection of partial diametrically
opposed classifications. A way of ensuring the correctness of the data, was the random check of 80
sample points. These test samples represented approximately 20% of the complete dataset in the research
area. The ID number and coordinates of these test samples were extracted and classified by the author,
without the knowledge of the user’s classifications in the FQA campaign. This should provide an
unbiased approach to evaluate the data’s quality and happened either through a local field trip or the
interpretation of aerial photographs with the help of two established web mapping services (Google
Maps, Bing Maps). Fortunately, the inconsistent sample points only accounted for approximately five
percent of all validations and were re-evaluated by the author. If one point was visited five times and
offered four different land cover classes, there has either been a change in land cover or the validations
were conducted incorrectly. The re-evaluation was executed the same way as the test samples had been
classified: via field trips or the interpretation of aerial photographs.
In the FQA dataset, there was also a column which contained the internet links to the ground photos,
which the users had to take of the prevailing land cover. In the course of classifying the test samples,
some of the pictures were used as a support for an easier identification, in the case of an uncertain
interpretation of aerial photographs. However, a few of those pictures were apparently taken in
someone’s home office. The first thought was, that maybe the locations of some sample points were
coincidently in the place of buildings, but this was not the case. The associated classifications showed
different class types, from cropland to water areas. After checking other validations, potential LUCAS
points and the mandatory coordinate check, with the help of web mapping services, the classifications
appeared to be absolutely correct. It seems that this particular user did not actually visit the location of
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the sample point, but carried out this task at his or her home and uploaded pictures of the home office
instead of the prevailing land cover (Fig.67). Because the FQA dataset also included the coordinates of
the mobile device during the data upload and some of the pictures were very informative, it was quite
easy to figure out the address and name of the culprit. However, because the classifications were all
accurate, there is no need to expose this black sheep or exclude the contributed information from the
dataset. Anyway, this was certainly a questionable and awkward surprise during the data preparation
process.

Fig.67: Example for wrongfully uploaded pictures during the FQA campaign

After all the test samples were classified and inconsistent validations were checked and, if necessary,
re-evaluated by the author, all the contributing users were tested for their reliability (for obvious
reasons). As indicated before, many of the 80 individual users visited only one location and then
retreated from this geographical citizen science project. Unfortunately, they did not leave any feedback
about their personal reasons. The analysis revealed, that a lot of one-time users offered poor data quality,
whereas users with more contributions offer a normal or even high quality. In summary, it seems that
most of the inconsistent and inaccurate information during the campaign was contributed by one-time
users. This uncovers an interesting weak point of the citizen science project and has to be addressed
before launching one of the successor projects.
113

The Anthropogenic Factor of Natural Disasters

Another possible explanation for a moderate data quality and some of the raised issues, could be the
transformation of locations throughout the duration of the project. It is possible, that some of the multiple
classifications of the same sample point are different, although they were classified correctly. It is
imaginable that a certain area was grassland (class E) at the beginning of the campaign, a construction
site throughout (class F or A) and a building or otherwise sealed area (class A) at the end of the
campaign. These comprehensible and understandable discrepancies had to be addressed and adjusted,
which happened during the phase of data preparation.
A similar case of undermining the data quality, without sinister intentions, can be found when borders
or transition areas were involved. Uncertainties can occur whenever the sample point lies literally on
the borderline. Some users may choose one classification, other users may choose the other possibility.
This is based on personal experience, natural effects and coincidence. Examples for such situations are
areas at the side of the road, transitions between cropland and shrubland or woodland respectively, or
even bridges over water areas.
All these listed problems and challenges explain most of the issues with the data quality. However, some
of the mentioned quality management methods helped to create a useful and mostly reliable dataset,
which forms the basis for all upcoming analyses. As a result of the data pre-processing, the preparation,
the quality management and the accuracy assessment, nearly 400 unique sample points with their mostly
correct classifications (overall accuracy is nevertheless around 71%) are usable and may remain as a
sufficient and legitimate data basis for this master thesis. There will be however a supporting
investigation of the research question with traditional methods and based on official and freely available
open data.
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3.3.4. Supervised Classification from Satellite Imagery

Another way of managing and ensuring data quality, is comparing the FQA data from IIASA with other
methods of classifying land cover. This could enable a direct and reasonable comparison as the analyses
go on. In this case, the author chose a supervised classification of Landsat 8 satellite imagery. This
simple and (relatively) fast method of image classification enables researchers to determine and interpret
superficial phenomenon on the Earth’s surface. This quantitative analytical method is basically an
aggregation of unique picture elements (pixels) in order to feature a specific type of land cover in the
investigated image. The workflow was as follows:
The first step was the generation of suitable data, on which the classification processes rely upon. In this
case, data from the Landsat 8 satellite was chosen. This eighth instalment from the Landsat Data
Continuity Mission is a collaboration between the US-American National Aeronautics and Space
Administration (NASA) and the United States Geological Survey (USGS) [NAS-13]. The satellite offers
eleven spectral bands, ranging from the shortwave coastal and aerosol band (0.433-0.453 µm) to the
long wavelength infrared band (11.5-12.5 µm). The satellite imagery was provided georeferenced.
After downloading the considerable amount of image data (with a resolution of mainly 30 metres), the
raster data was added to the open-source GIS software QGIS. This programme is not only a freely
available GIS, but also offers a lot of additional plugins, which facilitate complex tasks. In this case, the
author chose the Semi-Automatic Classification Plugin (SCP), developed by Italian environmental
engineer Luca Congedo. It offers the possibility of loading appropriate Landsat, Sentinel-2, ASTER or
MODIS data in order to perform either supervised or unsupervised classifications.
These two types of classification have different workflows and differ in length. The unsupervised
classification does not need human supervision and is based on cluster-grouping algorithms. Such an
analysis results in numerous clusters of similar valuation, whereat there is a high possibility, that the
same land cover classifications are grouped in separate clusters. This requires subsequently a human
identification.
The method used in this thesis however is the supervised classification with spectral angle mapping.
This is one of the more commonly used technique for classifying satellite imagery in the field of remote
sensing. The trained researcher has to collect training samples for each of the different land cover
classes, evaluate them and change them if necessary. Training samples are small polygons created
manually, which cover only one class type within a narrow interval of wavelength values. The software
then uses these samples to create signature files on average and determine land cover for the whole
research area. These training samples, or regions of interest (ROI), are specified with an overall macroclass identification (MC ID) and subcategories called class identification (C ID). This allows the user to
perform a rough classification (e.g. cropland, woodland…) of the surface, or a more detailed
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classification with subcategories (e.g. maize, wheat, birch wood, mixed wood, conifer forest etc.). Based
on these training samples, eight land cover signature files were created. The next step, after testing and
adjusting (e.g. threshold) the signature file with small-scale temporary classifications, was the
application of the classification for the entire image. The output-raster and its land cover classes were
coloured in the same eight shades like in the illustrations before. The following figure (Fig.68) shows
the result of the supervised classification in the research area, compared to the unique LUCAS points.
An accuracy assessment with LUCAS data as the ground-truth was conducted, similar to the accuracy
assessment of the FQA data. The overall accuracy of the supervised classification (SVC) is about
74.83%, when comparing it to the 143 LUCAS points. This is a good agreement, but there is still room
for improvement. There are however a number of influencing factors, which potentially affected this
value. The already reduced cloud cover was about 5%, bare lands and artificial areas scarcely had similar
spectral values and the setting of the classification’s thresholds was rather a compromise for receiving
the best possible result. Compared to the overall accuracy of the FQA data (71.33%), the supervised
classification still offers a higher value (+3.5%).
A comparison of these two methods (land cover classification with the help of untrained volunteers and
ground photos, or based on an automated supervised classification of satellite data by trained experts)
follows in chapter 4.2 Comparison of Geographic Citizen Science with Automated Supervised
Classification. In this part, advantages, disadvantages, challenges and similarities will be discussed.

Fig.68: Supervised classification of the research area, based on Landsat 8 satellite imagery with unique LUCAS points
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3.4. Methodology and Technology

The first chapter of this master thesis provided an introduction into the objectives of this master thesis
and the challenges that come with it. The overarching research question was specified as the
determination of potential correlations between soil sealing alongside the Danube River and the extent
of the 2013 flood event using geographic citizen science and traditional methods. The main motive was
to investigate the capability of the crowdsourcing approach in the field of disaster management and
urban planning.
The thematic introduction was based on an extensive literature research, which included resources like
scientific journals, papers, articles and online encyclopaedias. This provided the required expertise in
order to fully understand the different topics or the connections and interactions between flood events,
the sealing of the soil, natural disasters and disaster management, as well as the crowdsourcing approach
and its geographic derivatives citizen science and volunteered geographic information.
The third chapter focussed on the acquisition of data with the geographic citizen science project
FotoQuest Austria, the LUCAS survey, as well as open data and traditionally generated geoinformation.
Data processing provided the foundation for further research and led to the statistical investigation of
the FQA data. In order to provide a certain amount of quality, an accuracy assessment with established
datasets were conducted and nearly every usable sample point in the research area was checked manually
by the author. The creation of an automated supervised classification from satellite imagery provides
further opportunities to compare and assess the FotoQuest data.
The following chapter about the final data analysis should answer the major research questions and
provide the information for investigating the potential fields of applicability for the used approaches.
The methodology and technology, which will be used for these analyses, are grouped into the following
categories:
 Secondary research: Just like indicated before, secondary research comprises of searching for
appropriate scientific literature about the wide range of discussed topics, collecting journals, books
and papers, reading and condensing the information in order to compile the most relevant parts of
the published resources. This process took longer as the whole data collection. In addition to that,
numerous reliable online resources contributed additional and often up-to-date information about
these topics. Secondary research provided not only the thematic introduction, but also offered an
insight into current research and comparable problems or challenges of the same research direction.
 Data collection: The empirical process of collecting the data was extensively described in the
corresponding chapter about the FotoQuest Austria campaign. FQA by IIASA focussed on an
application for mobile devices like smartphones or tablet computers. Based largely on the

117

The Anthropogenic Factor of Natural Disasters

classification and distribution of the LUCAS survey, non-expert volunteers could classify the
selected sample points by choosing from predefined categories and taking ground photos. The Land
Use and Cover Area Samples (LUCAS) survey on the other hand was conducted by the European
Union. Their sample points were validated by trained experts by interpretation of aerial and satellite
imagery, as well as by visiting a smaller amount of training samples in the course of a field trip.
Similar to this method, flood discharge areas from 2013 were surveyed by interpreting aerial
photography and additional measurements from local authorities. These areas are one of the
foundations of the following investigations. Additional information was either obtained from official
open data portals (e.g. digital elevation model from Earth-Explorer, electronic navigational chart
ENC, building footprints and infrastructure from OpenStreetMap) or provided by federal ministries
or provincial governments (e.g. water depths, flood predictions, flood discharge areas from BMVIT).
The creation of an additional land cover classification dataset was conducted in order to check and
compare the geographic citizen science data FQA constantly. The automated supervised
classification is based on Landsat 8 satellite imagery. The semi-automatic classification plugin in
QGIS facilitated the classification of more than four million pixels, using the same eight land cover
types as for the FQA campaign and the LUCAS survey.
 Statistical treatment: The data generated during the FotoQuest Austria campaign was almost
predestined for quantifying it in numbers and statistics. The previous chapter about the general
statistics focussed on the obvious statistical relations between the different data fields. Information
about total validations, number of participants, validations per user, validations per individual sample
point and reasons for skipping certain locations are just a few examples of the statistical treatment.
The accuracy assessment is also a statistical calculation, which helped to describe the accuracy of
the citizen science data compared to the established land cover survey LUCAS. Most of these
calculations were performed by using Excel software.
In the following chapter about data analysis, some more advanced statistical methods will be applied.
It is planned to compare the geographic citizen science data from the FQA campaign with the results
of the automated supervised classification (SVC), by juxtaposing the different class type percentages
of both classification methods. In order to detect and calculate the prevailing agreements and
disagreements of sealed and unsealed surfaces, calculations will be performed by using the raster
calculator in QGIS. This should provide a visual and statistical overview over concordances and
discrepancies of sealed and unsealed soil between FQA data and the SVC.
The determination of potential correlations between the sealing of the soil along the Danube and the
extent of the 2013 flood event is one of the major research issues in this master thesis. There are
some appropriate and easy to use methods available. Suitable software for this investigation could
be ArcGIS, QGIS, Crimestat, Excel and SPSS. Both methods of classifying sealed surfaces (FQA
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and SVC) will be compared to the flood discharge area of 2013. Potential statistical methods could
include Band Collection Statistics, Standard Correlation, Pearson’s method, Covariance, R-squared,
Moran’s I or Ripley’s K.
 Additional analysis methods: In order to investigate the calculated correlations, there will be a
traditional approach of generating information about soil sealing. This will include the use of open
data like OpenStreetMap and freely available data from official bodies or governmental agencies.
The analysis of this information should indicate whether there is a positive or negative correlation
between soil sealing and the flood extent, or if there is no correlation at all. By analysing the building
density and the road density inside and outside the flooded area in combination with the average
terrain elevation, it should be possible to find out whether the geographic citizen science approach is
accurate, inaccurate or not suitable at all in this case.
 Software technology: The standard programmes for analysing spatial information in this case are
ArcMap 10.5 and ArcGIS Pro by Esri. They will be used for nearly every process like clipping,
converting, interpolating, analysing or calculating indices etc., and of course data visualisation.
The free software QGIS 2.18.9 is another tool for analysing and processing geoinformation. One of
the major purposes of this software in this thesis is the automated supervised classification, with the
help of the semi-automatic classification plugin SCP. Another useful feature of QGIS is the OSM
extension, which allows the author to download OpenStreetMap data for the research area. For
adapting and improving the generated maps and visualisations, the drawing software Adobe
Illustrator provides a number of refined image processing tools. For calculating spatial correlations,
Excel and Crimestat are leading software solutions. Crimestat is a spatial statistics software, which
is mostly used for the investigation of criminal cases and their respective localisation. The
programme is not only capable of providing valuable information for law enforcement agencies
around the world, but can also be used for the detection of potential spatial correlations.
 Justification: The main reason for choosing these methods of data acquisition goes back to the
author’s bachelor thesis, which was about crowdsourcing and volunteered geographic information.
Its aim was to describe a new method of improving traditional land cover products by using
volunteers to generate comparable datasets. Since then, the author stayed in contact with the
International Institute of Applied System Analysis (IIASA), which is also the initiator of the
FotoQuest Austria campaign. In order to justify this approach, potential strengths and weaknesses
will be addressed and dealt with. Potential issues, restrictions and limiting conditions will be
discussed and suggestions for improvement will be contributed. The reasons for choosing the
methods and software for analysing the data are based on the author’s study experience, the results
from the bachelor thesis and the methods or techniques used in scientific papers and articles, which
focus broadly on the same topical issue.
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4. Data Analysis

After a comprehensive thematic introduction into the fields of disaster management, floods and flood
protection, soil sealing and urbanisation, as well as crowdsourcing and its derivatives geographic citizen
science and volunteered geographic information, followed the more statistical chapter about data
acquisition, preparation, interpolation, accuracy assessment and data quality management. These
sections are the necessary foundations for further analyses and lead up to the more technical and
analytical fourth chapter about Data Analysis.
The upcoming pages focus on the investigation of the actual soil imperviousness in the research area
alongside the Danube River, a brief comparison of land cover classifications generated by untrained
volunteers, with the help of field trips and photographs, and a supervised classification of satellite
imagery, as well as the implementation of additional factors like elevation models or permanent and
portable flood protection. The final analyses investigate the potential correlations between soil sealing
and the extent of recurring flood events according to geographic citizen science and traditional methods.

4.1. Investigation of the Soil Imperviousness in the Research Area

Undoubtedly the most important dataset in this master thesis, the FQA data addresses the distribution of
sealed and unsealed regions in the research areas. This information is the backbone of the following
analyses and this subchapter pays special attention to the transformation process of all unique
classifications and their eight individual land cover classes, to a comprehensive dataset which only
focusses on sealed and unsealed areas. The following paragraphs illustrate the process of turning a few
hundred rows of information into a land cover map, the interpolation of unclassified areas and the
different degrees of soil sealing. A final discussion of the challenges of this method will conclude this
chapter.
The first step to a soil sealing map (or impervious soil map) of the research area is to turn the tabulated
results from the FQA campaign into an appealing visualisation with all land cover classifications. The
map (Fig.61) has been displayed previously in the section about general statistics. All 393 classified
sample points represent one of eight different land cover classes. For the following analyses however,
only two classes are required, because only the information whether a certain location is sealed or
unsealed matters. Class A, or Artificial Landscape, already sums up every sealed location. All the other
classes however, symbolise amongst others Cropland (B), Woodland (C), Grassland (E) or Water Areas
(G). This classes have to be combined into one single class, representing unsealed areas. The following
data processing can only operate with values between 0 and 1. This is why new attribute fields were
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created, where the value 1 represented sealed areas and value 0 represented unsealed areas. The
following map (Fig.69) illustrates these two classes for every unique sample point. The red dots
represent all areas where artificially sealed surfaces prevail and green dots all of the unsealed surfaces.
The basemap by OpenStreetMap provides the possibility of a superficial and visual assessment of the
reliability and usefulness for the now two different classes. It seems that the majority of the sealed
surfaces were classified correct, as they appear to be near settlements or other infrastructural facilities.
If anything, the sparse distribution and low amount of sample points prevented an even more significant
map of the research area.
With this adaption of the original data, it was possible to perform an interpolation in order to estimate
all the locations, which were not classified during the FQA campaign. Current GIS software like ArcGIS
or QGIS offer a number of geostatistical tools, which are suitable for different analyses or types of data.
The most common interpolation methods used in spatial analysis are the Inverse Distance Weighted
Interpolation (IDW) or Empirical Bayesian Kriging. IDW uses a weighted average, where close sample
points are more likely to show the same class type, than sample points who are further away. This makes
it the most appropriate of the available interpolation methods for the analysis. In the name of balance
(and for ensuring the best possible results), every available interpolation method in ArcGIS and QGIS
was tested and compared to each other. Unsurprisingly, IDW showed the best and most significant result
and was therefore chosen as the basis for further analyses.

Fig.69: Illustration of all sealed and unsealed classifications of the FQA campaign in the research area
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The outcome of this geostatistical analysis is pictured in the following map (Fig.70). The values range
from 0 or unsealed area to 1 or completely sealed area. With this type of interval, normally a singlecolour scale would be the adequate fit, because the map illustrates the interpolated degree of soil sealing
in the research area from very low to high. However, to emphasise the difference between the two main
classes, the author used a bipolar colour scheme, ranging from green to red. All the reddish areas offer
a high possibility of sealed surfaces. The orange and yellow areas offer a moderate degree of sealing
and the green areas are either slightly sealed or even unsealed.
The illustration indicates, that in densely classified areas (e.g. Vienna), there seem to be more
accentuated and distinctive interpolated values, than in areas where only a few sparsely distributed
sample points were classified (e.g. north of the Danube River). Patches like at Stockerau and its
surroundings have quite blurry and simplified boundaries, which may be an indicator for too few or too
rough basic information. This yellow areas symbolise an area of uncertainty, where the interpolation
method calculated values around 0.5. This would implicate a moderate degree of soil sealing and as a
further consequence, this areas could be sealed or unsealed in equal shares. As mentioned before,
interpolation methods estimate all unclassified sample points, based on their surroundings. This implies,
that the more basic data is existent, the better and more valid are the following interpolation estimations.
In this case however, the Inverse Distance Weighted Interpolation used for the following calculations is
still the most accurate option currently available.

Fig.70: IDW interpolation of sealed and unsealed areas (or interpolated degree of soil sealing)
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The following illustration (Fig.71) shows an enlarged section of the previous interpolated map (Fig.70)
and covers the city of Vienna with its surroundings. The interpolation overlays satellite imagery of the
area with labels, in order to identify city districts and smaller villages. It is obvious, that the built-up
area within the city limits have been calculated quite well (at least southwest of the Danube). Also close
and frequented suburbs like Klosterneuburg and Korneuburg were classified as sealed within the
interpolation. There are however a few disagreements between interpolated map and the satellite
imagery. Numerous smaller villages have not been visited during the campaign and therefore do not
show up on the soil sealing map. This could be mended by revisiting these points, validate them in the
field with the appropriate application and add them to the dataset. This additional effort would require
further users or more time and therefore has to be rejected.

Fig.71: Using the interpolated degree of sealed surfaces as an overlay over satellite imagery with labels as a comparison
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In order to receive a distinctive map of sealed and unsealed surfaces (based on the IDW interpolation),
the values of the interpolated degrees of soil sealing have to be classified into two classes again. This
can be done by adapting the thresholds and building two value ranges. Setting up the right threshold is
challenging and requires a certain amount of consideration. In this case, the threshold was set up on 0.5,
which means that all areas with a value range from 0 to 0.5 are now unsealed areas and all areas from
more than 0.5 to 1 are sealed areas. The higher the estimated value was, the higher was the probability,
that the surface was actually sealed or impervious. The following map of the research area (Fig.72)
shows the resulting distribution of sealed and unsealed areas alongside the Danube River.
The author is well aware, that this method with interpolating and estimating values contains a certain
degree of uncertainty, but in this case it is still the best option available for guessing unknown values.
When comparing the following map (Fig.72) to the underlying basemap, it is apparent, that only bigger
settlements have been classified correctly, but most of the smaller villages and most of the transport
infrastructure (streets, railways, etc.) were not taken into account. This implies that the number of visited
sample points in this area should have been higher for a more detailed map.
However, the information about the distribution of sealed surfaces in the research area will be used as
the basis for the final analysis. In addition to that, the results of the automated supervised classification,
which was conducted by the trained author, will also be analysed further at a later stage, in order to
provide a scientific comparison to the results of the geographic citizen science campaign.

Fig.72: Sealed and unsealed surfaces in the research area, based on the interpolated degree of soil sealing
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4.2. Comparison of Geographic Citizen Science with Automated Supervised Classification

The previous chapter focussed on the process of creating a map which only identifies sealed and
unsealed areas, based on the data received from the geographic citizen science campaign FotoQuest
Austria. With the help of the right interpolation method and the adjustment of thresholds, the previous
map (Fig.72) was created. The resulting raster then was reclassified in ArcGIS, with only two land cover
classes 0 (unsealed, values from 0 to 0.5) and 1 (sealed, values from > 0.5 to 1) left. This was the first
step for the following comparison of the FQA classifications with the results of the automated supervised
classification. The latter raster map was prepared in a similar way, but first a short analysis of the two
raster maps’ land cover classifications.
One of the previous charts (Fig.68) shows the results of the supervised classification conducted by the
author. Every pixel was classified by the software, which resulted in exactly 4,138,273 small and unique
validated points. Compared to the FQA dataset with its 393 unique sample points, the automated version
seems to be a sublime method of determining land cover. There is however only an increase of 3.5% in
overall accuracy, with LUCAS as ground-truth (74.83% vs. 71.33%). This implies, that the more
extensive supervised classification is only marginally better, than the voluntarily collected FQA data.
Another way of interpreting this information is, that there are not enough comparable sample points of
the FQA campaign and the LUCAS survey. This definitely compromises the results.
The percentages of the eight different class types from the FQA campaign and the supervised
classification (SVC) are compared in the following bar chart (Fig.73). There are a few obvious
differences between some of the land cover classifications.
Minor discrepancies can be found for class H (Wetlands). The difference is only around 1.1%, but is
mostly caused by incorrect classified clouds in the SVC data. The Landsat 8 satellite imagery showed a
minor impairment due to occasional cloud cover in the north-western part of the research area. Similar
challenges occurred for distinctive land cover types like Water Areas (class G, difference about 0.8%)
and Woodland (class C, difference less than 1%).
There are also some considerable discrepancies retrievable from the statistical evaluation, especially
concerning land cover classes A (Artificial Landscape) and F (Bare Lands) or classes B (Cropland), D
(Shrubland) and E (Grassland). Already during the creation of training samples for the supervised
classification, it became apparent that some wastelands (or bare lands) had similar spectral values as the
artificially sealed landscapes. Even the increase of training samples and the adjustment of the spectral
thresholds improved this phenomenon only moderately. The percentage of artificial areas of the FQA
campaign with 27.95% is considerably higher than from the supervised classification with 8%. The
difference is almost 20%. Looking at the values of bare land, it is quite obvious that there is nearly the
same difference, only with a different sign. In this case, the FQA classification only shows a value of
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1.03% and the supervised classification a value of 19.99%. When adding these two land cover classes
with their similar spectral values together, the discrepancy would only be 0.99% (FQA: 28.98%,
SVC: 27.99%). These results imply that in the case of Landsat 8 satellite imagery, artificial landscapes
have a similar spectral radiance as bare areas, and also that the 393 unique sample points from the FQA
campaign are no real match for the more than four million classified pixels from the automated
supervised classification. The results also provide a small outlook on the following analysis of potential
correlations.
The final minor nonconformity concerns the land cover classes B (Cropland), D (Shrubland) and
E (Grassland). Their situation is quite similar to the previous one with artificial and bare landscapes. It
is apparent that the percentages show differences between 3.73% and 14.2%. Again, because of their
similar spectral values, the vague Semi-Automatic Classification Plugin had its difficulties do
distinguish the various forms of (more or less green) vegetation. When combining the percentages of
these three unsealed class types for both classification methods, they suddenly seem to be consistent and
show a gap of just 0.34% (FQA: 56.67%, SVC: 56.33%). As a result of these three class types being
unsealed areas anyway, they do not influence the following analyses and therefore only show the
differences between geographic citizen science and the supervised classification of satellite imagery.

Comparison of class type percentages (FQA vs. SVC)
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Fig.73: Comparison of class type percentages from FQA data and supervised classification (SVC)
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Potential reasons for this phenomenon could be the different sample sizes of both methods, the
algorithms of the supervised classification, the residual cloud cover, image resolution and the difference
of about six months between the FQA campaign in 2015 and the satellite imagery of early 2016.
The previous paragraphs showed, to a certain extent, the usability of the voluntarily generated land cover
information and a comparison with more established methods, like the automated supervised
classification (SVC). For the following determination of possible correlations between soil sealing and
flood extent and damage, there is only the use for information about whether an area is sealed or
unsealed. It is therefore necessary, to transform the eight land cover classes of the SVC in only two
required categories. As a result of the comprehensively and completely classified research area, there is
no need to perform any form of interpolation. Before that, most of the cloud cover, which sometimes
showed similar spectral values as sealed areas, had to be reduced with the corresponding GIS tools.
Remaining patches can be found in the north-western corner of the research area (Fig.74). After that, all
eight land cover classes had to be reclassified with the ArcGIS tool of the same name. Similar to the
results of the FQA data, artificial landscapes (class A) were reclassified as 1 or sealed, and every other
land cover type (classes 2 to 8) was reclassified as 0 or unsealed. The resultant map is illustrated as a
semi-transparent overlay in the following figure (Fig.74). All the individual sealed pixels were coloured
red and all the unsealed pixels were coloured green. It is apparent that most of the research area is
unsealed. This covers woodland, cropland, bare land, grassland, shrubland and all the wet areas.

Fig.74: Semi-transparent map of sealed and unsealed areas, based on supervised classification of satellite imagery
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The sealed surfaces on the other hand are mostly sparsely distributed in the research area. Bigger patches
represent towns and villages, the biggest patch of all covers the city of Vienna. Other smaller dots and
patches represent other forms of artificially sealed areas just like roads, bridges and other infrastructural
and industrial constructions. Some minor remains of cloud cover were unfortunately inevitable. This
spatial distribution of sealed areas, can now be compared to the results of the FotoQuest campaign.
The following two illustrations (Fig.75, Fig.76) offer a visual comparison of the two generated soil
sealing maps. The first figure (Fig.75) shows a direct comparison of the interpolated degree of soil
sealing, based on the FQA campaign, with the supervised classification’s degree of soil sealing in the
research area (SVC). As indicated before, interpolations are only mathematical estimations. This method
calculated possibilities for the degree of soil sealing for areas, where no classification took place during
the campaign. The more classified unique sample points, the better is the interpolated map. As a result
of this rough estimations, subtle features and finer characteristics, like open roads or retaining walls,
were not detectable. The results of the supervised classification however, offer finer and more detailed
classifications. Artificial structures like individual buildings, roads, walls or even the international
airport near Vienna are clearly detectable, although the interpolated map may classifies these areas as
unsealed (Fig.75). On the downside, there are some minor sealed areas in the countryside according to
the supervised classification, which were exaggerated to a certain extent by the interpolation method.
These areas may compromise the investigation of potential correlations between soil sealing and flood
discharge areas alongside the Danube. In addition to that, there are also the uncertain yellow areas,
which may or may not be sealed. Most of these uncertain areas disappear after setting the thresholds and
leaving just the regions with the highest probability of soil sealing (Fig.76). These uncertain intermediate
areas show only low amount of overlap with the results of the supervised classification, which is why
the threshold for the reclassification of the interpolated FQA map was chosen (Fig.75). This could
already be an indicator, that for a more substantial and complete investigation of potential correlations,
it may be necessary to conduct additional analyses with officially available and open data, in order to
be able to provide reliable information about the prevailing situation. Throughout the data preparation,
assessment and general statistics, there were already some minor and major indicators that the FQA
dataset may not be as significant as traditional datasets from official bodies.
The next figure (Fig.76) is quite similar to the previous one (Fig.75) and shows a direct comparison of
the now adapted interpolation map based on the FQA campaign, with the sealed areas according to the
supervised classification. After setting the thresholds, only areas from the citizen science campaign with
the highest probability of being sealed are left, sealed surfaces from the supervised classification stay
the same. Only unsealed areas were excluded from this illustration. It is already noticeable in the map,
that there are some agreements as well as disagreements within the research area and between these two
methods of classifying soil sealing. All the possible combinations of agreement or disagreement, will
be discussed on the following pages.
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Fig.75: Direct comparison of the FQA campaign’s degree of soil sealing and the supervised classification’s degree of soil
sealing (SVC) in the research area

Fig.76: Direct comparison of the adapted interpolated FQA map of sealed areas with the map of sealed areas based on the
supervised classification (SVC)
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The next step is to compare the two different methods of classifying sealed or unsealed areas (geographic
citizen science and automated supervised classification) not only visually, but also with a more scientific
approach. In this case, all possible combinations of sealed or unsealed areas according to FQA and SVC.
The exact calculation process and some additional statistics will be explained later in this chapter. The
following map of the research area (Fig.77) points out all the areas of agreement (in green) and all areas
of disagreement (in red) between the interpolated map and the results of the supervised classification.
Although there are some substantial and coherent areas of disagreement, most of the research area shows
a level of agreement. Later in this chapter, the general statistics of this comparison will offer values of
approximately 85% for agreement and about 15% for disagreement. This indicates a substantial and
very strong agreement. It means that in more than eight out of ten cases, the classified areas of both soil
sealing maps were validated correctly or at least consistently. Based on the initial visual interpretation,
this high percentage of almost 85% comes as a bit of a surprise. The consistent areas are mostly unsealed
areas in the countryside and the sealed city centre of Vienna. Most of the areas which show disagreement
include the exaggeratedly sealed areas of the FQA interpolation. Best examples for this issue are
Stockerau in the centre of the research area, the southern outskirts of Vienna and the few remaining
cloud patches in the north-western part of the map (Fig.77). However, there are some silver linings when
comparing the FQA campaign to the automated supervised classification, at least statistically. The next
map (Fig.78) depicts an even more detailed situation of the agreements and disagreements.

Fig.77: Map of all classification agreements and disagreements between the interpolated map and supervised classification
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The following map of the research area (Fig.78) is a more detailed version of the previous map (Fig.77)
and shows all possible combinations of agreement and disagreement between sealed and unsealed areas,
based on the interpolated map and the supervised classification (SVC). These four combinations show:
 sealed areas, which were classified consistently in both datasets,
 unsealed areas, which were classified consistently in both datasets,
 sealed areas from the interpolated map, which were not accordingly classified in the SVC, and
 unsealed areas from the interpolated map, which were not accordingly classified in the SVC.
Consistently classified areas are depicted in light green (agreement unsealed) or dark green (agreement
sealed), and inconsistently classified areas are shown in light red (disagreement unsealed) and dark red
(disagreement sealed). Most consistently sealed areas can be found in Vienna and in the centres of the
bigger interpolated (and dark red) patches. This is an indicator that, although the basic situation in these
areas indicate sealed surfaces, most of the interpolated sealed areas were oversized (dark red patches).
All light red areas represent sample points, which were classified as sealed during the supervised
classification, but not in the interpolated FQA map. This includes obvious linear structures like roads or
the airport, and polygonal structures like smaller villages. However, the distribution of rightly sealed
areas, which are close to the Danube River, seem to be very rare in this map (Fig.78). This raises doubts,
if the results of the interpolated soil sealing map are as adequate as the results of the SVC.

Fig.78: Different combinations of agreement and disagreement of sealed and unsealed areas
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In order to be able to provide the previous illustrations, it was necessary to calculate all the possible
combinations of agreement and disagreement. To achieve this aim, it was necessary to type the four
coded combinations into the raster calculator. The first row of the following equation (Fig.79) yields all
sample points, which are sealed (“1”) in the interpolated map (“fqa_idw”) and unsealed (“0”) in the
SVC map (“svc”). The second row shows all areas where there are sealed surfaces according to FQA as
well as SVC. In the third row only unsealed areas will be displayed. The fourth and last row of the
equation yields every sample point which is unsealed according to FQA and sealed according to SVC.

Fig.79: Formula used to calculate the four possible combinations of agreement and disagreement

This rather simple calculation is a helpful method of revealing some general statistics for the two
compared classification methods. The comparison of geographic citizen science (FQA campaign) with
the automated supervised classification (SVC) conducted by the author, is not only an integral part of
this thesis, but also offers an insight into the particularity and usability of voluntarily generated geodata.
The visualisation of the results of the calculation (Fig.79) has been presented on the previous pages
(Fig.77, Fig.78). The statistical output follows in the next few paragraphs.
Calculating the four possible combinations of agreement or disagreement of sealed or unsealed areas
also resulted in the following histogram (Fig.80). It illustrates the distribution of all four possible
combinations. Every row of the calculation produced a class, which summarises the frequency or count
of affected sample points. In total there were 124,526 comparable picture elements or pixel sample
points. The first class (sealed in FQA, unsealed in SVC) consists of 13,366 pixels, which equals a share
of approximately 10.73%. The second class (sealed in FQA and SVC) offers 4257 pixels or 3.42%. The
third class (unsealed in FQA and SVC) is the biggest of them all and consists of 101,141 pixels or
81.22%. The fourth class (unsealed in FQA and sealed in SVC) shows 5762 pixels or 4.63%.
Most important for this analysis are the classes two and three, because they are the two classes which
offer total agreement between the interpolated FQA map and the supervised classification (SVC).
As indicated before, areas which were classified consistently represent the majority of the comparable
pixels. About 3.42% of the total research area were accordingly classified as sealed and 81.22% of the
research area were consistently classified as unsealed. These agreements equal 84.64%, which leaves a
disagreement of 15.36%. This indicates a substantial and strong match of the two differently generated
soil sealing maps. This is actually not bad at all, but the significance of it should not be overrated.
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One final note on the general statistics of this comparison, is the immense decrease of usable pixels of
the supervised classification. At the beginning there were more than 4.1 million unique classified picture
elements, but only 124,526 of them were comparable to the interpolated soil sealing map. This represents
a drop of approximately 97%. Only 3.01% of the originally classified SVC points were suitable and
applicable for the comparison to the interpolated geographic citizen science data from the FotoQuest
Austria campaign. The significance of this low percentage cannot be estimated at this point, but in order
to ensure a reliable and informative comparison of these two different methods, more comparable
sample points would have been better.

Fig.80: Distribution of all the different combinations
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4.3. Soil Sealing and the Correlation to Flood Extent

Until now, all the aspects of the acquisition and preparation of the data, the statistics, accuracy, as well
as the soil imperviousness in the research area and the comparison of the geographic citizen science
campaign FQA with the automated supervised classification were investigated and interpreted.
However, probably the most important part of this thesis is the attempt to determine any potential
correlations between the classified soil sealing alongside the Danube River and the extent of the 2013
floods. In the course of writing the past chapters, the author realised that the generated data from the
FotoQuest Austria project may not be sufficiently detailed enough, to determine potential correlations
precisely. For this reason, the following chapter was divided into two subchapters. The first uses the
well-known citizen science results in comparison with supervised classifications and the second subchapter focusses on the traditional approach of data generation, implementation and analysis. The aim
of all these methods is to determine possible connections between soil sealing in the research area and
the discharge area of the 2013 flood event. The traditional approach however uses data from official
bodies like federal agencies, planning offices, surveyors or private institutes. This information includes
changes in portable or permanent flood protection, which were installed after the great flood in 2002.

4.3.1. FotoQuest Austria and Supervised Classification

The final analysis of this thesis aims to detect and investigate the connections between the distribution
of inundated areas in June 2013 and the degree of sealed surfaces in the research area. As a result of the
manageable amount of classified sample points during the FQA campaign, missing areas were
interpolated and are therefore only estimations, based on their neighbouring surroundings. This led to
large circular and drop-shaped patches of sealed areas, which are distributed around the region (Fig.81).
A visual comparison of sealed surfaces according to the processed and interpolated FQA data with the
official discharge areas of the 2013 flood did not really indicate any correlations between both datasets.
Some of the interpolated sealed areas would have been inundated during the 2013 flood (e.g. Stockerau,
Klosterneuburg, Korneuburg), but most of the impervious patches are distributed far from the discharge
areas. This reduces the usable amount of data from the 2015 FotoQuest Austria campaign once again.
The city of Vienna with its high density of sealed areas is also not really informative, because due to
extensive flood protection measures after the 2002 flood event, there were almost no inundations in this
area during the more recent 2013 flood event. Although there is a high degree of soil sealing in Vienna
detectable, there was no inundation worth mentioning. This area therefore does not contribute any useful
information to the analysis of potential correlations.
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Fig.81: Visual comparison of sealed areas according to FQA interpolation with 2013 flood discharge areas

Fig.82: Visual comparison of sealed areas according to the supervised classification with 2013 flood discharge areas
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The visual comparison of sealed areas, which are based on the automated supervised classification, with
the discharge areas from the 2013 flood event results in a much clearer picture of potential correlations
(Fig.82). Towns like Krems an der Donau in the western part of the research area and Stockerau in the
centre, are clearly located outside the discharge area. This may be due to the prevailing topography and
partly due to former experience and intelligent spatial planning. Comparing this situation to the predicted
flood discharge areas (HQ30, HQ100, HQ300; Fig.46), it is apparent that the inundated areas in 2013
mostly coincide with the nearly identical 30-year and 100-year flood events. This led to stricter
regulations for spatial planning and restrictions for the land-use plan.
The next figure (Fig.83) shows a magnified section of the previous map, where the sealed area is based
on the supervised classification and is compared to the inundated areas. It is quite obvious that most of
the affected towns and villages, in this case Stockerau in the north and Klosterneuburg or Korneuburg
in the eastern part, are located outside the discharge area. This indicates that, at least in parts of the
research area, there is a sense for vulnerability to recurring flood events. In the flood discharge area,
there are mostly linear features detectable, which indicate the presence of infrastructural constructions
like streets, railways or other connecting routes. The few detached dots, which were classified as
artificially sealed surfaces, indicate a very sparse distribution of residential or commercial buildings.
These facts are unfortunately not receivable from the FQA data (Fig.81), which can be seen as another
indicator that the voluntarily generated information is not as accurate as desired or requested.

Fig.83: Partial discharge area of the 2013 flood event compared to sealed surfaces based on the supervised classification
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In order to receive a conclusive statement about the correlations of flood discharge areas and soil sealing
based on the FQA campaign, spatial analyses have to be conducted. There are only a few GIS
programmes available, which analyse spatial correlations between two datasets of this kind. The most
common software is either ArcGIS (ArcMap or ArcGIS Pro), QGIS or Crimestat.
One simple method of calculating correlation statistics include the spatial analyst tool Band Collection
Statistics in ArcGIS. This tool calculates general statistics about raster datasets and, amongst others,
also outputs a simple correlation matrix. When analysing the flood discharge area (which was converted
into a raster-file for this assignment) and the interpolated soil sealing map, based on the citizen science
campaign FQA, the resultant correlation matrix offers a positive value of just 4.14%. This percentage
indicates only a low positive correlation between the discharge area of the 2013 flood and the sealed
surfaces. It basically says, that soil sealing all over the research area only contribute a small percentage
to the spatial distribution of inundations. Artificially sealed soils (e.g. streets or buildings) are therefore
none of the main drivers of the spatial expansion of flood discharge areas, according to this analysis.
However, this value is a result of a number of factors. Firstly, interpolated values are always estimations.
The missing spots were estimated, based on the few hundred usable classifications in the research area.
And secondly, both raster datasets cover the whole research area and not only the relevant areas
alongside the Danube River. As a result of that, every sealed or unsealed location is compared to the
vast area, which was not inundated in 2013 due to elevation or distance to the river course. This
compromises the resultant value of the calculation significantly. As a further consequence, the next step
was to create a buffer around the river course, which includes every flood discharge area and the most
significant sealed surfaces of the FQA campaign. The same procedure will be performed for the
automated supervised classification.
In order to focus on the more important areas alongside the Danube River, it is essential to clip the
interpolated map of sealed surfaces (FQA) to a certain extent. This requires a constant buffer around a
specific feature. The used input feature is the digitalised course of the river Danube. Based on this linear
feature, a buffer with 4500 metres was calculated. It took some trial and error, but a buffer with this
extent covers the most important sealed areas and the whole discharge area. After successfully creating
a buffer with full side lines and round end types, it was used as a clip feature for the interpolated map of
sealed areas. The output feature now only consists of the sealed areas, which appear only in the buffer
area (Fig.84). This reduces the unnecessary values, which have no real effect on the core of the research.
With the former result of the former Band Collection Statistics in mind (4.14%), it is now time to conduct
the same analysis with the clipped data. The result shows a positive correlation of almost exactly 15%.
This means that if investigating only the affected areas alongside the Danube River (Fig.84), the
correlation more than triples its value. Although 15% is still very low and considered no correlation
worth mentioning, it shows that focussing on the river course and increasing the data accuracy would
help to improve the usability of the interpolated FQA dataset. With only this one analysis done by now,
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it has to be said that the information generated during the geographic citizen science campaign FQA is
not accurate and precise enough to determine any positive or negative correlations between soil sealing
and the extent of discharge areas during the 2013 flood event. There are however still other methods of
measuring the potential correlations.
Another factor who could have influenced the low values of the analyses is the fact, that the government
of Lower Austria is one of the most innovative and diligent official bodies, when it comes to install
permanent and portable flood protection (e.g. barriers, retention basins and walls). The largest part of
the area is in the state of Lower Austria and was therefore investigated after the extensive flooding in
2002. A lot of protective measures have been taken since then, in order to decrease the vulnerability.
When there is heavy protection and clever spatial planning, there is a low impact in case of a disaster.
The results of this protection measures then could be one of the most influencing factors on these
correlation analysis.

Fig.84: Clipping a 4500 metre buffer area along the Danube with the interpolated soil sealing map from the FQA campaign

In order to continue the investigation to what extent geographic citizen science can complement
traditional satellite imagery assessments, the results of the automated supervised classification have to
be analysed the same way as the results of the FQA campaign. Based on the experiences from the
analyses of the previous data and in order to more comparable, the raster dataset from the supervised
classification was clipped with the 4500 metre buffer as well. After converting all the required datasets,
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both analyses could be conducted. First, the total extent of the supervised classification (SVC) was
compared to the flood discharge area. The result is quite different to the result from the interpolated
FQA map. There is apparently a negative correlation with a value of -3.15%. A negative correlation
basically says, if the affected areas were sealed, the inundation was actually retained to a certain extent.
This may be a sign for working protective measures (e.g. permanent flood barriers). The main difference
between the correlation values of the supervised classification and the interpolated FQA data, may be
due to the raw and vague original citizen science data, which unfortunately did not distinguish between
all the different types of sealed surfaces (e.g. streets, buildings or walls). More information about
protective measures and river training measures follow in the next chapter about the traditional approach
of data generation and preparation.
However, after clipping the soil sealing map, based on the supervised classification, with the 4500 metre
buffer, the following raster analysis revealed a negative correlation of -11.44%. This is also more than
three times the value, when focussing only on the buffer area alongside the Danube (Fig.85).
Nonetheless, it is also a percentage almost not mentionable in terms of statistical correlations. The
negative value is, just like mentioned before, an indicator that sealed surfaces in the buffer area actually
limited the extent of flood discharge areas. It does not, however, indicate why and if the sealed soil is
covered with flat or not interfering streets or three-dimensional obstacles like buildings.

Fig.85: Clipping a 4500 metre buffer area along the Danube with the soil sealing map from the supervised classification

140

The Anthropogenic Factor of Natural Disasters

The conclusion of analysing the rather simplified correlation matrices of the raster datasets is, that there
are no real common features concerning potential correlations between sealed surfaces and the extent of
floods. The following table (Tab.10) summarises all values of the calculated correlations and their
changes. It shows the quite remarkable changes when clipping the investigated areas to a smaller extent,
based on a 4500 metre buffer alongside the Danube River. The positive correlation of the interpolated
geographic citizen science data increases by 10.86% and the negative correlation of the supervised
classification decreases by 8.29%. This shows that for a reliable investigation of potential correlations,
it is necessary to have an accurate data basis and a reasonable spatial definition. Areas that are far away
from the main point of interest may influence the analyses with a number of unrelated and unconnected
factors or excluding criteria (e.g. topography or elevation).

Correlation summary

Total research area

Clipped with buffer

Change

Interpolated sealed surfaces (FQA)

4.14%

15%

+10.86 %

Supervised classification (SVC)

-3.15%

-11.44%

-8.29 %

Tab.10: Correlations based on the raster band collection statistics in total and clipped with a 4500 m buffer

The following figure (Fig.86) shows one of the areas, where the most intersections between the flood
discharge area and the interpolated sealed soils (FQA) are. It could be another indicator of how imprecise
the citizen science data is compared to the satellite imagery based supervised classification.

Fig.86: Magnified buffer area with the most frequent intersections between the discharge area and the FQA soil sealing
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After an extensive further preparation of the FQA data in the buffer area and a number of classifications
and calculations, the final raster was converted into a corresponding point feature. With this processed
information, another correlation analysis was conducted. By refining and sharpening the original
interpolated FQA data, the positive correlation value increased up to 19.72%. This is approximately
4.72% more than before (Tab.10). It is now quite apparent that by further processing the citizen science
data, it is possible to raise the calculated values considerably and strengthen the correlations. In the field
of statistics however, all values beneath around 30% are considered to be uncorrelated. The results of
the data processing was visualised in the following map (Fig.87). It shows all the possible combinations
of sealed or unsealed surfaces with flooded or unflooded areas during the 2013 event in the buffer area,
alongside the Danube River. The point feature class was the basis for this calculation of the correlation,
based on FQA data.
Relying on the former calculation results, there is quite a strong indication that there are either no real
correlations prevailing or the voluntarily generated information from the geographical citizen science
campaign FQA is not precise enough in order to determine any potential correlations between soil
sealing and the extent of the flood event. As a result of this uncertainty, the next chapter focusses at
some of the most significant locations of the research area and discusses the possible reasons for missing
correlations.

Fig.87: All possible combinations in the buffer area that were used as data basis for the calculation of correlations (FQA)
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There are however some other ways of investigating potential correlations between soil sealing and
flooded areas. Correlation is defined as the relationship or connection between at least two variables.
The resultant values can indicate if there is a causal link between two or more facts or not. There are a
number of correlation coefficients, which investigate similar complex issues but with different methods.
The following paragraphs provide a brief summary of some of the most common statistical concepts.
In addition to the previous correlations with ArcGIS Pro software (Tab.11), the standard methods of
investigating statistical relationships can be calculated with spreadsheet software like Microsoft Excel.
After converting the FQA raster dataset into a point shapefile, calculating the corresponding data fields
(sealing = S, flooding = F) with binary values (no = 0, yes = 1), the attribute table was saved as a DBFtable. To calculate the correlation, the arithmetic means for the two variables S (sealing) and F (flooding)
were computed. These means were subtracted from the original variables to form the new variables
S’ (sealing [0/1] – mean) and F’ (flooding [0/1] – mean), which work as the basis for the following
formula, with r as the coefficient of the correlation:
𝑟=

∑(𝑆′ ∗ 𝐹′)
√∑ 𝑆′² ∗ ∑ 𝐹′²

The coefficient r is the summation of the product of S’ and F’, divided by the square root of the product
from the summation of all S’ squared with the summation of all F’ squared. This complex sounding
formula returned a value of 1.39% for the data from the FQA campaign (Tab.11). In the world of
statistics this means, that there is apparently no spatial correlation between artificially sealed surfaces
and the flood extent. The same calculation for the supervised classification (SVC) resulted in a negative
value of -12.12%, which is also no indicator for a strong relationship between the two variables. The
similar Pearson method also returned the exact same values.
The R-squared method measures linear relationships between dependent and independent variables and
is the square of the standard correlation. In this case the value for FQA is 0.02%, which indicates quite
strongly that there is no linear relation between soil sealing and flood extent. Although the value of
1.47% for the SVC is a bit higher, it also indicates no linear connection between the two variables.
Covariance is an indicator to which extent the two variables change together. Similar to the previous
calculations, FQA shows a very weak positive relationship (0.21%) and SVC shows a weak negative
relationship (-1.54%). This still indicates, that there is no real connection between the two variables.

Correlations

Total Raster
Area

4500 m Buffer
of Raster Area

Point Shapefile
Standard Corr.

Point Shapefile
R Squared

Point Shapefile
Covariance

FQA

4.14%

15.00%

1.39%

0.02%

0.21%

SVC

-3.15%

-11.44%

-12.12%

1.47%

-1.54%

Tab.11: Summary of all correlations based on different calculation methods and spatial extent

143

The Anthropogenic Factor of Natural Disasters

4.3.2. Traditional Approach with Open Data

Already sensing that the calculation results of the FQA campaign may not be as significant and
informative as possible, the author chose to perform a number of analyses with traditionally generated
geodata and freely accessible open data. The results of the correlation calculation in the previous chapter
showed, that there is either no sufficient correlation between the sealing of the soil alongside the Danube
and the extent of the 2013 flood event, or that the data is not suitable (or precise) enough to determine
any connections. Other findings of the previous investigations are the unexpected differences between
the values from the FQA data and the SVC. One indicates negligible positive correlations and the other
also very low negative correlations. Although the values were not high enough for a significant
correlation, the different signs provoke to do further research.
The main aim of the present chapter is to find out whether there is actually a positive correlation, a
negative correlation or no correlation at all. If there are other indicators, that potential connections
between the extent of the 2013 flood and the imperviousness of the soil could exist, taking a look at
additional data like the digital elevation model, water depths, flood discharge areas, hydraulic structures,
built-up areas and permanent or portable flood protection could show some of the possible reasons and
causes for this situation. A brief examination of exemplary locations should provide an answer to
whether the citizen science data (FQA) or the supervised classification (SVC) is right, or if both methods
are inaccurate.
This analysis is based on data which is freely obtainable from corresponding internet platforms of
official agencies or upon request. Open data like building footprints and road networks were taken from
the OpenStreetMap project. This is not only one of the most famous examples for a successful
crowdsourcing approach, but also one of the main pioneers of collaborative mapping worldwide.
Projects like the Humanitarian OpenStreetMap Team have already proven their usability in the field of
disaster management and risk reduction.
Other data was generated in a more traditional way. The following analyses of building densities and
road densities inside and outside of flooded areas, are also based on the previously used flood discharge
areas, provided by the Federal Ministry for Transport, Innovation and Technology (BMVIT).
The investigations after the big flood in 2002, led to an optimal interaction between the interpretation
of remote sensing information by trained experts in a GIS environment and the measurements of
qualified surveyors on site.
However, both this data resources were used to investigate the density distributions of buildings and
roads. These steps were taken to find possible reasons for the correlation values of the soil sealing
datasets FQA and SVC. If the following results are significant and informative enough, they may
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confirm or contradict the previous findings of the correlation computation or at least give a hint about
their validity and accuracy.
In order to achieve these high expectations, the OSM data had to be comprehensively prepared. To be
fully comparable, all polygon and line features were clipped with the previously determined 4500 metre
buffer around the Danube River course. The building footprints were presented as polygon features and
after some extensive processing, they were ready to measure the densities. The dataset was split into an
area which was flooded in 2013 and into an unflooded area. The following table (Tab.12) shows, that
the building density inside the flooded areas is 2.18%, whereas the building density outside the
inundated areas is considerably higher with 29.56%. These values obviously indicate that the
concentration of buildings is lower in flooded areas than outside. This may be an indicator that there are
already working spatial planning guidelines existent in these regions. The density of the OSM road
network seems to confirm this statement. Inside the flooded areas the road density is only 2.03% and
outside it increases on a value of 24.68%.
With the results from the calculation of the correlation in mind, it is more or less clear to see, that there
is some kind of connection between the degree of artificially sealed surfaces (e.g. buildings and roads)
and the extent of the 2013 flood event. Put into even simpler words, if the area was inundated, there
were hardly any sealed surfaces. If the area was unaffected by the flooding, the density of sealed surfaces
increased significantly.

OSM

Building density
inside flooded areas

Building density
outside flooded areas

Road density inside
flooded areas

Road density outside
flooded areas

2.18%

29.56%

2.03%

24.68%

Tab.12: Density of buildings and roads in flooded and unflooded areas based on OSM data

This not only indicates a slight negative correlation, but also contradicts all calculated correlation values
for the citizen science data FQA (Tab.11). These values were very low and had a positive sign, which
indicates no real detectable relationship between soil sealing and flooded areas, when focussing on the
FQA data. The results of the measured building and road densities however, indicate that there is rather
a measurable negative correlation. This means that the more sealed surfaces are prevailing in a certain
area, the less inundations were measurable. It seems that a higher degree of artificially sealed surfaces
in the buffered area (based on OSM building footprints and road networks) slows down the distribution
of flood discharge areas or stops it at all.
The standard calculation of the correlation value for the combination of OSM building footprints and
road networks (forming a simplified dataset of sealed surfaces in the buffer area) revealed a relatively
strong negative correlation of -31.14% (buildings only: -8.90%; roads only: -33.09%). Although
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implicating a rather moderate negative correlation, this reliable and established dataset therefore
confirms the previous indications from the building and road densities. A low density of sealed surfaces
(OSM) inside flooded areas and a high density outside flooded areas stand for a negative correlation,
where obviously a high degree of artificially sealed surfaces prevent the distribution of flood discharge
areas. The negative correlation value of -31.14% also somehow indicates, that the soil sealing map from
the supervised classification may be more accurate and valid than the FQA data, because this dataset
derived from satellite imagery already offered low negative correlation values for nearly every
calculation method (Tab.11). It is therefore possible to say (very cautiously), that the degree of
preciseness of the geographic citizen science project FQA may not be high enough for answering the
quite detailed research question. There is however the consideration that after the extensive data
processing, all the data from OpenStreetMap also have a certain range of variation.
Similar to the previous calculations of building and road densities, the same method was used for the
two different classification methods FQA and SVC. The results are listed in the following table (Tab.13).
Like indicated before, the soil sealing density inside the flooded areas for SVC is 3.65% and outside
these areas 13.26%. Although maybe not as distinctive as the OpenStreetMap results (Tab.12), there is
still a similar tendency noticeable.
The findings for the FQA data on the other hand, confirm the discrepancy, which was detected earlier
on (Tab.10). According to the analysis, the sealing density inside flooded areas with 18.69% is even
higher than the density outside flooded areas (17.34%). Again, these points imply a very low positive
correlation. It basically says, that there is a higher concentration of buildings in regularly inundated
areas, than in unaffected regions. A possible explanation for the rather high value for the sealing density
inside flooded areas (18.69%), could be the considerable uncertainty within the data due to the
performed interpolation. This mathematical method is more or less a rough estimation of sample points
and areas, which have not been validated throughout the data collecting campaign in 2015.

Sealing density inside flooded areas

Sealing density outside flooded areas

FQA

18.69%

17.34%

SVC

3.65%

13.26%

Tab.13: Soil sealing density in flooded and unflooded areas from FQA and SVC data

The following figures (Fig.88-91) represent the visual representation for the line and point densities of
the OSM building footprints and road networks, inside and outside the flood discharge area from 2013.
They are based on special analysis tools from the ArcGIS model range, like line density and point
density. The basis data was appropriately prepared and converted if necessary.
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Fig.88: Line density from the OSM road network in flooded areas with magnified peak area

Fig.89: Line density from the OSM road network in unflooded areas with magnified peak area
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The first illustration (Fig.88) represents the line density from the OSM road networks within flooded
areas. It is based on the line features of the road network alongside the Danube River. The used unit is
kilometres per square kilometre (km/km²), because it visualises the amount of road kilometres per
surface unit inside the flood discharge area. The lowest values between one and five road kilometres per
square kilometre can be found between Krems an der Donau, in the western part of the research area,
and Stockerau in the central part. The hotspots with the highest density of roads inside flooded areas are
near Klosterneuburg and Korneuburg, but mainly in the south-eastern part of the research area, along
the A4 motorway, the Vienna Airport and Schwechat.
The next map on the previous page (Fig.89) is quite similar to the prior map. It shows the line density
from the OSM road networks, but in unflooded areas during the 2013 event. The illustration differs
however from the first density map (Fig.88) insofar, that there are different class sizes used in either
map. Inside the flooded areas the low density required only small classes with low values, outside the
flooded areas however, the road network density increases substantially and requires bigger classes with
higher values. Furthermore, areas with a density of less than five km/km² are invisible for the sake of
clarity. The lowest values can be found in the western parts of the research area, with outliers in Krems
and Tulln. The highest values are naturally in the city of Vienna (considering the buffer area only).
The first illustration on the following page (Fig.90) shows the point density from the OSM building
footprints inside flooded areas. As a result of the missing polygon density tool in ArcGIS’ Spatial
Analyst Toolbox, all the buildings had to be converted into points. This method enables the user to
produce a more generalised raster. As a result, the unit is points per square kilometre (pts/km²). The
illustration (Fig.90) shows the few buildings in flooded areas as coloured patches. Low densities can be
found all over the research area, with some of them in the western part near Tulln and in south-east
Vienna. The highest values are near Klosterneuburg and Korneuburg. The building density ranges there
between 100 and more than 250 pts/km². This fact is not surprising, because in the crowded centre of
Vienna there were hardly any inundations during the 2013 flood event at all.
The next map (Fig.91) shows the point density from the OSM building footprints in unflooded areas.
Similar to the analysis of the road densities, the values between flooded and unflooded regions varied
significantly. The low values of building densities inside inundated areas required only an interval of
zero to 250 pts/km², whereas the much higher building density outside inundated areas required an
interval of zero to more than 1200 pts/km². Areas with less than 200 pts/km² were hidden for the sake
of clarity. The illustration points out the location of higher building densities, which can be equated with
the location of towns like Krems, Furth, Traismauer, Tulln, Wördern, Stockerau, Klosterneuburg,
Korneuburg, Fischamend and of course Vienna. The highest density values can be found in the
metropolitan area of Vienna and the just mentioned towns and villages. Smaller villages with a lower
building density were not shown in this illustration.
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Fig.90: Point density from the OSM buildings in flooded areas with magnified peak area

Fig.91: Point density from the OSM buildings in unflooded areas with magnified peak area
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The next step to investigate the correlations between artificially sealed surfaces and the flood extent of
2013 is to investigate the influence of portable and permanent flood protections and other river control
measures. There is currently no central database, which contains the location of all constructions, which
could influence the distribution of flooded areas in the region. It was therefore necessary to collect all
the possible information about barriers, dams, hydraulic structures, locks, ridges or walls. One of the
main sources for this required data is the national Electronic Navigational Chart (ENC).
The following pages contain of some exemplary meaningful sections from the research area along the
Danube River. The first of these maps (Fig.92) shows the area around Freudenau harbour in the southeastern part of Vienna. There are several flood protection measures observable, like dams, locks and
hydraulic structures, which include harbour walls and piers. The central area is apparently heavily
protected by the appropriate structures. As a result, the main harbour buildings were safe and not
inundated in the 2013 flood event. This is an example for a successful combination of an extensive
investigation after the 2002 event and the resultant river training measures. These actions that took place
after the last flood, helped to stop the river of inundating the bordering sealed areas.

Fig.92: Exemplary section of the Freudenau harbour with protective structures from the Electronic Navigational Chart
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One less successful example is not far from the previous map section. The following illustration (Fig.93)
shows the Alberner harbour and the oil terminal Lobau, which are also in the south-eastern part of
Vienna. On the left side, the Alberner harbour has clearly been flooded in 2013, although there were
constructions present, which should have restrained the flood distribution. Several buildings were
inundated and damaged. There is however a second line of defence, which apparently did hold back the
water masses. These dams saved several other buildings from damage. At least some measures worked.
On the right sight of the map (Fig.93), parts of the oil terminal and several industrial buildings on the
small peninsula were inundated in the 2013 floods. There were also some retaining walls and dams
present, which did not prevent the buildings from being damaged. According to the data from the
Electronic Navigational Chart (ENC), the protection measures were not surrounding the whole area, but
only a few exposed locations. Another interesting factor is the long dam on the right, which apparently
prevented the area in the east from being flooded, but the water found a way further south and inundated
the region nonetheless.

Fig.93: Exemplary section of the harbours Albern (left) and Lobau (right) with protective structures from the ENC
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After an example of working (Fig.92) and non-working flood measures (Fig.93), the next map illustrates
one of the major discharge areas of the 2013 flood event (Fig.94). The area is south of Stockerau, in the
central part of the research area. Some of the building footprints of the town can be seen in the northern
part of the map. The illustration shows that large areas were inundated, but almost no building was
affected or damaged. This is almost certainly a result of functioning urban planning, because these areas
are prone to flooding. Even in a predicted 30-year event (HQ30), these areas will be flooded. This is
why most of these areas are meadow landscapes. Nearly no sealed surfaces can be found in these regions.
In the southern part of the map section, there are hydraulic structures and retaining walls observable.
These measures seem to have worked during the flood, but thanks to a tributary further down the river,
large areas behind the wall were inundated nonetheless. There is however a more interesting question
suggesting itself: Why is the town of Stockerau not inundated? There are no recorded flood protection
measures or other constructions. Some of the reasons could be that the town is too far off the river course
or that the local express road may work as a dam. Another possibility could be the prevailing elevation
of the terrain. The influencing factor of the ground elevation will be discussed briefly on the next pages.

Fig.94: Exemplary section of one of the major discharge areas south of Stockerau with some flood protection measures
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One of the factors which were not integrated in the previous analyses is the ground elevation. Every area
has its own topographical characteristics and the required information for the interpretation was obtained
from the Earth-Explorer data portal. The digital elevation model is a digital representation of an area’s
terrain. The basic DEM raster is based on ASTER data and retrievable from the Earth-Explorer platform,
hosted by the United States Geological Survey. This data will be processed and functions as the basis
for a short visual interpretation.
After loading the digital elevation models (the research area contains two separate DEMs), both raster
datasets were converted into a Triangular Irregular Network (TIN). A TIN displays the surface
morphology of the prevailing terrain by creating a number of triangles (via points and edges), which use
the digital elevation model as data basis. The altitude can be classified into a customisable range of
colours. In this case, the minimum height of the area is represented in dark green and the highest altitudes
in dark red. With the help of this TIN it is possible, to illustrate the research area and try to find
connections between the prevailing elevation and discharge areas from the 2013 flood event.
The next map (Fig.95) shows the total research area, modelled by numerous triangular units, and the
flooded areas. Focussing on the biggest inundations in the central part of the map, it is apparent that
there is no significant change in elevation, which would explain why the flood distribution was stopped.
Possible reasons that towns like Stockerau (Fig.94) were not inundated in 2013, could be the distance
to the river course or working flood protection. Although there were no protection measures recorded
in the previously used database, it is no guarantee that there are no such measures implemented.
Focussing on the surrounding terrain, the water volume and the average predicted water depth (Fig.51),
it seems that there were river training measures and bank protection installed in recent history. All the
major discharge areas are in a relatively flat area with no change in elevation to stop them prematurely.
Even downstream, in the south-eastern part of the research area, there is no significant alteration. Vienna
however, with its sophisticated river regulations and walls, has no recorded inundation, no matter what
the terrain was. Elevation, it seems, has no significant influence on the flood distribution. Even the
statistics only indicate a very low negative correlation.
There is however a small, almost not recognisable area, which shows some influence of the local terrain
on the flood extent (Fig.96). In the most western part of the research area, not far from Krems an der
Donau, there is a river bend, which prevented the water masses from inundating the surrounding
environment. Large hills up to 900 metres are very effective ways of stopping a flood and directing it
into another direction. After the terrain levelled out, the Danube did not inundate the flat plains, but was
restricted by the usual flood protection measures. Another one of the few examples of elevation
influencing the flood extent, can be seen around Klosterneuburg. The last foothills of the Wienerwald
prevented the Danube briefly from inundating areas south of the river course. In summary, the elevation
of the research area seemed to have almost no noticeable influences on the flood extent in 2013.
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Fig.95: Triangular Irregular Network (TIN) based on the DEM with the flood discharge area as an overlay

Fig.96: Section of the western part of the research area with the flood discharge area following the terrain (TIN)
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5. Discussion and Interpretation of the Results

The main aim of this master thesis was to determine potential connections between the extent of the
2013 flood event and the sealing of the soil alongside the Danube. This task was set up to investigate
the usability of geodata, which was produced by untrained experts in the course of a citizen science
project. Another important goal was to point out the applicability of this information in the field of urban
planning and disaster management. Taking a closer look at all the findings of the past few chapters, it is
hard to tell if these aims were achieved sufficiently or not. The following paragraphs will focus on the
interpretation of the results. They will also examine the strengths and weaknesses of the approach and
the used data, as well as the possible applicability of the method for official bodies. The conclusion
should mark the end of the practical and analytical part of this thesis and shall include deductions,
implications, recommendations, predictions for the future and the author’s personal opinion.

5.1. Interpretation of the Findings

The author of this thesis has stressed throughout this thesis that the voluntarily generated data from the
FotoQuest Austria campaign is not precise enough for the determination of correlations between sealed
soils and the extent of the 2013 floods. Compared to traditional methods of land cover classification like
supervised classifications or open data from OpenStreetMap, the citizen science approach FQA did not
perform as well as the author anticipated before choosing the research question. However, the author
may argue that this method still has its advantages. This could include a quick and cheap land cover
classification of a whole country or even the continent. Former research during the author’s bachelor
thesis has shown, that the geographic derivatives of the crowdsourcing approach are able to cover a
substantial share of a country’s land area and classify their degree of settlement so sufficiently, that even
official agencies were interested in the findings. The geographic citizen science method therefore still
is an appropriate and fast tool for the collection of large-scale land information. The usability on smallscale areas like the research area along the Danube River may not be as high as required yet. With a
higher number of motivated volunteers, the reliability of this kind of information for a limited space
could definitely be increased.
The accuracy assessment of the FQA data was compared to established datasets like LUCAS and the
automated supervised classification. The comparison with LUCAS as ground-truth revealed a moderate
or viable agreement of 71.33%, which is not as high as the author expected. The assessment of other
established land cover datasets showed that they also have an agreement of just about 80%.
So although being nearly 10% down, the citizen science approach of detecting land cover performed
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quite well, considering the low amount of multiply validated sample points. The values of the calculated
user’s accuracy ranged from 50% to 100%, although the most significant values with the highest amount
of sample points ranged between 61.70% and 84.62%. These values indicate that the accuracy from the
user’s perspective are still improvable and even marginally lower than the values from a similar
bachelor’s project. From the producer’s perspective however, the most significant values ranged from
21.74% up to 91.23%. Most of the values offer some substantial agreement and are within the normal
range. The last indicator for the data’s accuracy was Cohen’s kappa. All land cover classes combined
resulted in an agreement of approximately 60%. This means that just six out of ten classifications were
better than by chance alone. Focussing on the three major land cover classes however, resulted in an
agreement of 81%, which means that the more validations were available, the higher the accuracy
became. As a result of these analyses it can be said, that if the initial FQA campaign would have attracted
more voluntary contributors, the resultant data would have been more accurate and reliable. It is
therefore not wrong to say, that the geographic citizen science approach does not fail to produce accurate
data due to its internal structure, but mostly because of the lack of willing participants.
Even the investigations of the FQA dataset alone revealed helpful insights, which can be used in order
to improve any form of follow-up projects and their data quality. In the research area, 592 validations
of 393 individual sample points were recorded. This means that on average, every point was visited only
one and a half times. In order to provide a certain amount of data quality, every sample location should
have been visited at least three times. Nearly three-quarters of all points were visited only once. Already
at this stage in the course of the master thesis, the author knew that the data quality would probably not
be sufficient enough for answering the quite detailed research question. One of the reasons for these
demotivating statistics is the coarse distribution of the initial sample points throughout the country. This
is a result of the strong bond between the FQA campaign and the LUCAS survey. Not only the land
cover class types are based on the established latter dataset, but also partly the low sample point density.
The gaps between the locations may be enough for a Europe-wide project, which covers the whole
continent and provides only a rough overview over the situation of the EU member countries.
Classifying a small country like Austria with its different terrains, requires some significant adaption of
the approach and its design. Most of the reasons why some sample points had to be skipped during the
campaign was the inaccessibility due to the terrain and dense vegetation. Also with higher sample point
densities the results of the successor projects should be much more precise.
One of the major reasons for the low amount of validated sample points was the lack of motivated
participants. In the research area 80 users contributed 592 validations, which equals an average of 7.4
points per person. Comparing it to the author’s bachelor project (where the volunteers could contribute
their data at home and not in the field), back then 97 unique users contributed nearly 30,000 validations.
This meant an arithmetic mean of almost 293 validations per user. This is considerably higher than the
FQA statistics. The catch however is that the participants were students and the project was conducted
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during a remote sensing lecture. Nonetheless, these values show that with the right motivation and
desirable incentives, the data volume for crowdsourcing projects can be substantially increased.
As a result of the low density of validated sample points, the data had to be interpolated in order to cover
the entire research area. The used method was the Inverse Distance Weighted Interpolation, which
predicts possible values for the areas, which were not validated, by measuring existing values and
providing near points with a higher weighting. This standard method generated a rather vague
mathematical estimation of the gaps between validated sample points. This added another share of
uncertainty to the FQA dataset, but there was unfortunately no better way of dealing with this problem
at that point. The investigation of the soil imperviousness in the research area however required a dataset,
which only showed information of whether an area is sealed or not. After processing the data to a point
where they were able to interpolate, the resultant map seemed to be quite plausible. Areas with a high
density of validated sample points were much more accurate and detailed (like in Vienna), than areas
with a low point density (remote areas like Stockerau or Krems). With a more finely woven sample
point distribution, the interpolated map would have been way more reliable and the following analyses
would have been much more significant. After choosing a threshold of 0.5, the interpolated data was
reclassified into two classes: sealed (1) and unsealed (0). This was meant to be the foundation for further
research. It also showed a more or less reasonable distribution of sealed and unsealed areas.
In order to provide a comparable dataset, which was created by using semi-automatic classification
plugins with Landsat 8 satellite imagery, the data from supervised classification functioned as a steady
companion throughout further analyses. The comparisons with this dataset, which even achieved a
higher value at the accuracy assessment, put all the analysed results from the FQA dataset into
perspective. One of the major research questions dealt with the comparability of geographic citizen
science data with the traditional assessment of satellite imagery via an automated supervised
classification. First, all the land cover classes were compared to each other. There were, as expected,
some major discrepancies apparent, as the share of artificially sealed areas from the supervised
classification was much lower than the FQA classification. It seemed that the classification algorithms
have mistaken some of the artificial landscapes with bare land. Other disagreements were found between
the different vegetation class types, which had no effect on further analyses, because these areas were
reclassified as unsealed either way. The visual interpretation of the sealed areas based on FQA and SVC
presented a different picture. The large patches of the interpolated FQA data suddenly seemed to be
quite rough and chunky, whereas the pixel-based classification of the SVC method seemed much more
refined and detailed, even indicating some of the road network in the research area.
The statistical findings were calculated by comparing all different combinations of agreement and
disagreement of sealed and unsealed areas between the FQA data and the SVC. By writing an elaborate
formula into the raster calculator, it revealed that most of the area was classified consistently. Nearly
85% of all the classified unique pixels showed either an agreement of sealed areas or an agreement of
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unsealed areas. Only about 15% were classified inconsistently. This indicates a substantial accordance
between the two differently generated maps of sealed surfaces. The significance of these findings
however should not be overrated, because both methods have their faults.
After all these analyses, the author focussed on the potential correlations between soil sealing and the
extent of the 2013 flood event. All the previously calculated statistics and maps indicated, that the
voluntarily generated FQA data was not as precise as the author had hoped. In order to determine the
potential correlation, the analyses were split into two parts. The first one investigated any correlations
based on the FQA data in comparison with the supervised classification, and the second part focussed
on the analysis of traditionally generated geoinformation and open data.
Answering the main research question, required extensive spatial and statistical analyses. The first visual
interpretation of the soil sealing maps with the official flood discharge areas already showed, that the
majority of sealed surfaces are located outside the inundated areas. Exemplary towns like Stockerau,
Korneuburg or Klosterneuburg were very close to the flooded area, but only a comparatively low
percentage of sealed surfaces laid inside the discharge area. It seemed to be, if anything, a low negative
correlation between soil sealing and the flood extent. The first and rather simple calculation resulted in
a very low positive correlation for the FQA data and a very low negative correlation for the supervised
classification. These results took the author by surprise, because not only were the values very low and
indicated basically no correlation at all, but also the different signs and their meaning for the research
question. The geographic citizen science data implied, that there is a nearly not-existent positive
correlation, which means that the more sealed surfaces there were, the further the research area
distributed. The more detailed supervised classification however indicated a marginal negative
correlation, which means that higher numbers of sealed surfaces prevented the flood in 2013 from
inundating even more areas.
This interpretation also revealed, that a large amount of sealed surfaces were located far off the Danube
and its discharge areas. Insignificant data in remote areas may have influenced the correlation values
and as a result of that, all datasets were clipped to a 4500 metre buffer area around the river course.
These actions more than tripled the individual values of the correlation, but they were still not high
enough to matter in the world of statistics. After processing the data again quite extensively, other
statistical measurement methods were applied. The standard correlation and the Pearson’s method both
delivered similar values for each data generating method. FQA showed a very low positive correlation
again, whereas SVC showed a low negative correlation. The results of the R-squared were both very
low, which indicates no linear connection between the two variables. The values for the covariance
confirmed the previous correlation methods. This strongly indicated that either there is no real
correlation between soil sealing and flood extent in the real world, or that both methods are not accurate
enough in order to determine the connections. To find out which of these statements was true, the author
compared the calculated results with the findings of traditionally generated information and open data.
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This chapter focussed on data from official bodies and agencies like the Federal Ministry for Transport,
Innovation and Technology or the Provincial Government of Lower Austria. All of the provided data
was collected and marginally processed by trained experts in a GIS environment. Other data sources
were established online portals like OpenStreetMap and Earth-Explorer. Some of them are open data
platforms of official agencies or companies and some of them are based on crowdsourcing. The first
analysis investigated the density distributions of building footprints and road networks from
OpenStreetMap. It showed that the building density inside the flooded areas was very low with 2.18%
and outside flooded areas quite high with almost 30%. This not only indicated that there is a measurable
negative correlation between built-up areas and the 2013 flood extent, but also that the results of the
automated supervised classification may have been more accurate than the FQA results. The road
density inside flooded areas (~2%) and outside those areas (~25%) confirmed this tendency. After
processing and exporting the data to Excel, the standard correlation between sealed surfaces based on
OSM data (building footprints plus road networks) and the flood extent, showed a value of -31.14%.
This result is way more significant than the previous correlations for the FQA and SVC data. Although
implicating a rather moderate negative correlation, this more reliable dataset confirmed the indications
from the previous building and road densities. It also suggested, that the SVC method is more useful
than the voluntarily generated FQA data. The visual comparison of both building and road densities,
inside and outside flooded areas, additionally approved the interpretation of the previous results.
Although the whole FotoQuest Austria campaign collected more than 592 validations of 393 individual
sample points in the research area, the quality and density of this data was rather low. This was partly a
result of the lack of motivated participants, a lack of validations, a low sample point density in the
research area, the missing adaption to the country’s characteristics, the need for interpolating the gaps
between the sample points, the setting of a threshold for reclassifying the area into sealed and unsealed
regions and the low performance in comparison to the automated supervised classification.
Although there were a number of surprises and disappointments throughout the data analysis, the author
thinks that the main research question can be answered. It is possible to determine the rather moderate
negative correlations between sealed surfaces alongside the Danube and the extent of the 2013 flood
event using traditionally generated information and established crowdsourcing platforms like OSM. The
amount of data and the resultant point density from the FQA campaign however is currently not high
and precise enough, to determine possible correlations conclusively. There are however numerous ways
available of improving future projects.
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5.2. Strengths and Weaknesses

As mentioned in the corresponding chapter, crowdsourcing and especially its derivative geographic
citizen science are new and fast approaches of generating information about a certain topic with the help
of untrained volunteers. With geographic information getting more and more important in today’s
digitalised society, traditional approaches of collecting data may be too slow and expensive in the near
future. This is one field of applicability of crowdsourcing. This type of participative activity can
contribute large amount of data for universities, organisations or companies in a short period of time.
One of the major points of criticism however is the data quality. It is therefore vital to implement safety
measures like accuracy assessments and quality management. Throughout the master thesis, numerous
comments on the vagueness or incompleteness of the voluntarily generated citizen science data (FQA)
were made by the author. Only through the processing and preparation of the FotoQuest Austria data it
became apparent, that the research question may be too detailed for such vague data.
The most important weaknesses that were detected while writing this thesis are:
 the low number of participants that took part. The whole project only attracted 208 individual users
(80 in the research area), although due to the Internet, the available potential should be higher.
 the low amount of total validations and validations per user. In the research area 592 validations of
393 unique sample points mean an average validation of 7.4 (median of 2) per user.
 the low amount of validations per individual sample. On average, every sample point was validated
around 1.5 times (median of 1). These values are not high enough to be statistically significant. One
of the reasons could be the questionable incentive, that the more frequent a point has been visited,
the less points the user gets awarded (from 100 to 90, 81, 72, 65 etc.).
 the strong bond between the FQA campaign and the European LUCAS survey. Although being a
good basis, there was no real adaption of the survey’s structure to specific Austrian characteristics.
 the rough and widely scattered distribution of individual sample points in the research area. As a
result of that, there was no real detailed focus on the Danube River course possible.
 the inaccessibility of some sample points due to their remoteness or privacy and the temporarily
failure of the GPS connectivity.
 the mediocre result of 71.33% from the accuracy assessment with LUCAS as the ground-truth.
 some quality issues due to lazy contributors which apparently took the obligatory ground pictures
not in the field at the sample point, but in their personal home office.
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 the interpolation of not validated sample points. An interpolation is always a rough estimation of
possible values and is therefore prone to error and uncertainty.
 the comparison of the citizen science data with an automated supervised classification derived from
satellite imagery. The latter dataset showed a higher accuracy of 74.83%. The direct comparison of
the interpolated FQA map with the SVC map offered an agreement of nearly 85%.
 The low correlation values of both datasets (FQA and SVC). These low values of the respective
calculated correlation (positive and negative), indicate either a non-existent correlation between soil
sealing and the flood extent, or that the data is not precise enough to detect any potential connections.

There were however also a number of strong points for the geographic citizen science approach like:
 the fast speed of generating data. In less than a year, the campaign was planned, initiated and
completed. This shows that the use of crowdsourcing and its geographic derivatives could accelerate
the conduct of such a project in comparison to traditional forms of collecting data.
 the simplicity of conducting a citizen science project. The campaign was initiated by a medium sized
institute (IIASA, approx. 200 members), but the same kind of project can be started by big
organisations and companies or small non-profit initiatives.
 the rather low costs of conducting the FQA campaign. The few members of staff involved created
the application based on the LUCAS survey and were responsible for maintenance and collection of
the generated data. A group of scientists processed and analysed the data and published their research
results. Other cost factors were the monetary or material prizes, which were used as incentives for
the contributing users.
 the possibilities of describing and assessing remote and inaccessible areas due to the interpretation
of satellite imagery. In case of the FQA campaign however, it enabled the few members of the project
to receive data from all parts of the country without even leaving the office in Laxenburg.
 the high number of potential participants due to the connectivity of modern society. Thanks to the
internet accessibility on mobile devices, like tablet computers and smartphones, nearly everyone in
the country could function as a human sensor and potentially contribute large amount of data. In case
of the FQA campaign the amount of volunteers was quite high with more than 200 users, but the
average individual number of validations was surprisingly low.
 the usability of citizen science in the aftermaths of a disaster. Some examples of location-based
information, contributed by the affected public via social media services, were used in course of the
disaster relief measures after the 2010 earthquake in Haiti or after the events of Fukushima in 2011.
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5.3. Applicability in Urban Planning and Disaster Management

One of the main research questions at the beginning of this thesis asked, if there are possible applications
for the results of the analyses and how it could help local authorities to manage urban planning strategies
in densely populated areas. The next question was quite similar and asked how policy makers and rescue
agencies could benefit from the analysed results before, during and after a flood event referring to
disaster response? The applicability of volunteered geographic information and geographic citizen
science is quite an affair of the heart for the author and the initial reason for choosing the topic and
research question for this master thesis. The results of the performed analyses however, paint a dark
picture for the usability of the FQA data for urban planning and disaster management.
Throughout the past decade, crowdsourcing became a fast and cheap alternative of collecting vast
amount of data, with the help of untrained volunteers. One of its many derivatives, geographic citizen
science, has the potential of contributing large amount of information in a short period of time.
FotoQuest Austria was such a campaign. It was designed to classify the different land cover and land
use types all over the Austrian territory. The focus on the sealed areas should work as the basis for the
investigation of vulnerability, risk and the anthropogenic influence on natural disasters.
The first analysis of the generated FQA data already revealed its major problems. The low amount of
contributions, unmotivated users and the low density of sample points all over the country resulted in a
vague and imprecise dataset, which had to be interpolated in order to cover the whole research area.
This mathematical estimation added a large amount of uncertainty and inaccuracy to the dataset. Since
that point, detailed investigations were not reliable anymore and too blurry. In case of an emergency,
disaster response agencies have to rely on precise and absolute accurate data, otherwise this could lead
to the loss of property or human lives. There are several examples, where crowdsourcing solutions for
disaster response already worked, but only with a detailed framework and initiated from governmental
bodies. The author already mentioned some of them in the course of this thesis. There is however a lot
of potential, but just like the results of this thesis’ analyses, there is still a lot of uncertainty within the
data. These challenges have to be assessed in the near future and the suggestions for improvement have
to be incorporated into all coming successor projects.
The analysis of the flood discharge areas along the Danube revealed that spatial planning in Lower
Austria is already very good and that planning strategies and flood protection already worked quite well
during the 2013 flood event. The low building and road densities inside inundated areas confirm that.
The FQA data may not be suitable for improving spatial planning, but it shows the potential of detailed
local projects within a community, where citizens are motivated to contribute data. Every local authority
could launch their own projects, tailored on their own needs and specifications. If enough citizens take
part in such a local campaign, the approach could generate valuable data for communal planning.
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5.4. Conclusion

Writing a conclusion is always one of the most challenging bits for the author of this thesis, especially
after reading hundreds of scientific papers and abstracts, running after every piece of required data,
writing thousands of words in a foreign language and spending 14 hours a day in front of the screen of
an old and cheap 17 inch laptop. More than 150 pages of this thesis deal with the thematic introduction
to provide the necessary basic understanding, the data preparation and assessment, the analysis of
uncooperative datasets and the interpretation of the findings. At this point, it is time for a discussion of
possible deductions, potential implications on future research, recommendations, predictions for the
future and the author’s personal opinion, bringing all the information together and providing the essence
of the previous chapters. Recapitulating the findings of this thesis with the research questions in mind,
it is obvious that there are still a lot of answers to give and hypotheses to verify
 One of the main research questions was, whether data from citizen science projects can determine
correlations between sealed surfaces and the extent of the flood disaster in 2013. After the previous
analyses, the author would answer the question with not quite yet. Methods like VGI or geographical
citizen science may work for a rough overview about a country’s or a continent’s land cover, but not
for the investigation of a detailed research question in a rather small area. In order to collect sufficient
and accurate data for a research like this, the structure of the FQA campaign should be changed and
adapted as well as the distribution of the individual sample points has to be much denser.
 The next questions asks if there are possible linkages between the imperviousness of the soil and the
flood extent during the 2013 inundation of the Danube River in Austria. Analysing the results from
the FQA campaign and the supervised classification, there was no real final statement derivable. The
investigation of open data and traditionally generated information at the end of the chapter about data
analysis however indicated, that there is a moderate negative correlation between sealed surfaces and
the flood discharge area. So the answer to the question has to be: yes, but only just. In terms of
statistics, a value of -31.14% only indicates a low or moderate relationship between two variables.
 Another sub-question addresses the extent, to which crowdsourcing and its derivatives geographic
citizen science and volunteered geographic information can complement traditional satellite or
ground photo assessments. In order to deal with this issue, an automated supervised classification
(SVC) was created, using Landsat 8 satellite imagery. Already the first comparison, the accuracy
assessments with the LUCAS dataset as ground-truth, revealed that the SVC had a higher accuracy
than the FQA data (74.83% vs. 71.33%). Although every approach has its weaknesses, the calculation
of the correlations and building densities from OpenStreetMap data showed, that the traditional
assessment and interpretation of satellite imagery is still better and more accurate, than the citizen
science approach. However, if the FQA campaign gets more adapted to the specification of the
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Austrian territory and the sample point density increases, the results could be much more precise and
reliable than before and therefore possibly match the traditional methods.
 The next question, asked more than 150 pages ago, focusses on which additional data is necessary to
measure and quantify the potential links between impervious land cover and flood extent. As the last
analyses showed, traditionally generated information and open data is still better than the rough
geographic citizen science approach used in the FQA project. For a conclusive answer to this
question, several datasets had to be added. This included the building footprints and road networks
from OpenStreetMap, the flood discharge area and predicted high water areas (HQ30, HQ100,
HQ300) from BMVIT, information about hydraulic structures, dams, barriers, locks, ridges and walls
from the Electronic Navigational Chart, as well as the Digital Elevation Model based on ASTER
data. More on the necessary additional data can be found in the corresponding chapter.
 Based on the previous research question, the next one asks how difficult the integration and collection
of additional factors such as elevation and the use of (portable or permanent) flood protection is. As
discussed in the corresponding chapter, the collection of traditionally generated information was
quite modest. Open data from internet platforms were easily available. Other data from official bodies
were either loaded from their online portals or exchanged at a personal appointment. Most of the data
from the Federal Ministry for Transport, Innovation and Technology (BMVIT) was provided after
several personal meetings with the responsible employee. The implementation of this data however
is another story. At the university the author was used to perfectly processed data, which mainly
works for one assignment or one course. In the real world, data is mainly unprocessed, chaotic and
sometimes unmanageable. The process of preparing all the data, so that they work for the
corresponding tasks, costed a lot of time, nerves and working memory.
 Another one of the research questions was the determination of the best ways to assure the quality
and the accuracy of the contributed information and the comparison of geographic citizen science
data with the data quality of traditional land cover classification methods. As already mentioned
before, based on the analysis of open data and traditionally generated information, the supervised
classification seems to be a more reliable way of classifying land cover in a small area than the citizen
science approach of FQA. The creation of the SVC dataset by the author was one of the main
mechanisms to compare and ensure the data quality. The calculation of numerous statistics about the
FQA dataset in the chapter about general statistics provided a lot of information for the assessment
of the data. The accuracy assessment with the LUCAS survey as ground-truth was another way of
investigating the reliability and preciseness of the voluntarily generated FQA data. Throughout the
course of the master thesis, every analysis of the FotoQuest Austria dataset was compared to the
supervised classification in order to guarantee a certain level of data quality. The analysis of
traditionally generated data was also a way to determine the quality of the FQA results.
 Almost redundant at this point, the next question asks which method is the best to investigate the
potential correlations between soil sealing and flood extent. The two available methods are the
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relatively new geographic citizen science approach and the more traditional data collection methods.
As indicated a few times before, the traditional approach of generating information about land cover
or soil sealing is still more reliable than the crowdsourcing derivative. The geographic citizen science
approach offers a lot of potential due to its connectivity with the internet and people’s mobile devices.
Every person works as a remote sensor and collects data all the time. If only a fraction of this potential
could be harvested for such a project as FotoQuest Austria, the possibilities would be nearly endless.
The author thinks that if a few hundred people would have taken part in the FQA campaign and
contributed just a few validations on their walks or bike rides, the accuracy of the contributed would
have easily been enough for significant results. It is apparent that there is a lot of dormant potential,
it just has to be used somehow.
 One of the research questions the author feared throughout the analyses, focusses on the possible
applications for the results of the analyses in the field of urban planning and disaster management.
The results for the citizen science campaign FQA were not really significant enough, to implement
them in any official working procedure. Spatial planning in the research area is actually well
established and worked well throughout the 2013 flood event. The information generated during the
FQA campaign was not precise enough, because the whole project was probably not intended to
investigate small-scale phenomena in the first place. Disaster management and response agencies
require absolute accurate and detailed data, which the FQA campaign cannot provide.
 The last research question asked, how well new technological achievements like geographic citizen
science could contribute valuable improvements in the field of disaster response and flood risk
management. Just like mentioned before, the accuracy of the FQA data is currently not high enough
in order to support important rescue missions. It did however show the weaknesses of the method,
which now could be addressed. If the data density could be increased (with more volunteers and
higher sample point density), the author is sure that data from geographic citizen science projects
could help local authorities to receive a first overview over the situation after a disaster struck.
As usual in a master thesis, there are some hypotheses to check the research questions and its subquestions on their validity. These statements reflect the most important parts of the research questions.
 The first hypothesis states that there are significant correlations between the sealing of the ground
alongside the Danube River and the resultant extent and damage of the flood in 2013. This statement
could be confirmed, but with a small restriction. The analysis of the OSM data revealed, that there is
a moderate negative correlation between these two variables. However, a value of -31.14% indicates
only a slight relationship between soil sealing and the flood extent, but it cannot be called significant,
maybe moderate or noticeable.
 The next hypothesis says that geographic citizen science and volunteered geographic information
can complement the assessment of satellite imagery and ground photos, or in this case, the FQA data
and the supervised classification. The accuracy assessments of both these datasets showed, that their
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values are similar to each other, only 3.5% apart. Every other analysis, like the calculation of the
correlation, showed some discrepancies between them. Compared to the analysis of the open data
and traditionally generated information, it seems that the SVC data is more accurate and reliable than
the FotoQuest Austria data. This hypothesis therefore has to be falsified for now.
 Another statement discusses the sufficient quality of crowdsourced data and the accuracy in order to
produce meaningful and significant results. Generally speaking, the crowdsourcing approach has its
reason to exist in the scientific world, although constantly showing a degree of uncertainty because
of untrained volunteers. In this case however, the uncertainties of the FQA data were bigger than the
benefits from this method. It is apparent that the citizen science approach produces interesting
information for a large area, just like countries or continents. If focussing on a smaller problem, the
data quality and accuracy is not high enough for producing meaningful and significant results.
 The combination of remote sensing technologies and volunteered geographic information can
facilitate the process of data generation. This was another statement, written down before the author
saw the FQA dataset. Apart from the fact, that the FQA campaign is a citizen science project, the
combination with remote sensing technologies could improve the results measurably. The last
analysis of potential correlations with OpenStreetMap data revealed, that the crowdsourcing
approach used in OSM is capable of determining spatial relationships, if the data quality is high
enough and a lot of members improve the accuracy constantly. The citizen science approach alone,
which has been used in this master thesis, has its limitations and has to be adapted for future research.
 Geographic Citizen Science and crowdsourcing in general, are a helpful new methodical approach
for the acquisition and interpretation of land cover data, which will become more important in the
near future. This hypothesis can be confirmed, when the approach is used for larger areas.
 The last hypothesis states that although citizen science is an interesting approach, traditional methods
are still more accurate. Contradicting to some of the previous hypotheses, this statement was
definitely confirmed in this master thesis. Citizen science has its limitations when the project design
is not adapted properly and when there are not enough volunteers taking part. It is however a
promising method for future research, if the level of digitisation continues to increase. Some of the
weaknesses of the FQA campaign have already been addressed and adequate solutions have been
incorporated into the follow-up project FotoQuest Europe. If these measures work, the resultant
information could definitely rival the traditional methods of generating land cover data and would
provide a much more accurate foundation for the determination of potential correlations.
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6. Summary

The main objective of this master thesis was the investigation of the anthropogenic factors of natural
disasters. This was enabled by the investigation of potential correlations between soil sealing alongside
the Danube River and the extent of the 2013 flood event. In order to achieve this ambitious aim, different
methods of data acquisition and processing were used. This included voluntarily generated geodata from
the geographic citizen science project FotoQuest Austria and traditional open data from official bodies
or corresponding online portals. The main purpose of the findings should make a small contribution to
the constant improvement of official and private disaster management and urban planning strategies.
The author of this thesis always wanted to conduct the kind of research that has a strong connection to
real-world problems, not only literature research that has no further use than earn a master’s degree. The
results of the analyses should give an insight into the possible applications of new data generation
methods, based on modern remote sensing technologies. Such a potential field of application is the
management of natural disasters. Catastrophic events are as old as planet Earth, but only since the
existence of humans and the formation of society, they have become a threat and therefore a disaster.
First interpreted as the bad moods of the respective gods, it is known nowadays that these catastrophes
are the results of the dynamic system called Nature. From the first established civilisations, to medieval
times and the Industrial Revolution, natural disasters have always affected people and their environment.
Every disaster however has its own characteristics and parameters, which makes it very hard to predict.
Gaining experience and gathering information is therefore an essential part of understanding complex
disastrous events like floods, earthquakes or wildfires, in order to prepare for the next event and mitigate
the economic, environmental and social effects. Since the beginning of the 20th century, official and
organised disaster management began to develop. Different concepts like risk, hazard, vulnerability or
resilience were devised and started to make an impact on spatial planning and emergency response on
different political levels. After a considerable amount of time, even international frameworks were
installed, to ensure cross-border cooperation in case of a catastrophe.
If for instance a flood disaster strikes, the four phases of the management cycle help to plan and organise
all the emergency initiatives. This includes disaster response, recovery, mitigation and preparation. The
prevention of or the preparation for a disaster is probably the most appropriate field of application for
new methods of data generation, together with the immediate emergency response, because these two
phases require the most information in the DMC. As a result of an increasing frequency of flood events,
there is room for improvement in the traditional field of data collection and processing. One approach
that has been used in this master thesis was geographical citizen science. This concept is a derivative of
crowdsourcing and differs from other similar approaches (e.g. VGI) by focussing only on scientific
initiatives with a spatial reference. An example is the FotoQuest Austria campaign (FQA), conducted
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by the International Institute for Applied Systems Analysis (IIASA). Using an application for mobile
devices, information about land cover and land use in Austria was collected in 2015. Based on this
dataset, an interpolated map was created, which showed the degree of sealed surfaces for the research
area. This was necessary, because the main aim of this thesis was the investigation of anthropogenic
influences on the severity of natural disasters. By measuring potential connections between the degree
of sealed soils and the extent of the Danube River flood in 2013, with the help of voluntarily generated
geodata and traditionally acquired open data, statements about the quality and usability of geographic
citizen sciences were derivable. Unfortunately the data was not as accurate as the author had hoped.
In the selected research area, there were 592 total validations of 393 individual sample points, conducted
by 80 individual users. This already indicated quite a low average validation of one and a half times per
point. This was mostly due to the low average validation per user with only two sample points. The
maximum validations with 140 points were contributed by one power-user. All these disappointing
statistics were the result of a low amount of players and apparently no motivation for contributing more
than two validations per player. There were however other problems, for instance inaccessibility of the
sample locations or technical problems with the GPS-signal.
Considering the resulting land cover classification, around 28% of the research area was assessed as
artificially sealed surfaces, more than 68% were overgrown or uncovered soil and the rest water areas.
In order to ensure the quality of the data from the geographic citizen science campaign FQA, the
accuracy assessment compared the generated data to a ground-truth dataset, in this case the Land Use
and Cover Area Sample survey (LUCAS) from 2015. The aim was to estimate the correctness of
crowdsourced data. The overall accuracy was 71.33% and can therefore be seen as a moderate
agreement, but probably not good enough for significant results. Another indicator of agreement,
Cohen’s kappa, resulted in a value of just 0.6. This means that the accuracy is only 60% better than by
chance alone. All these results implied, that the data quality from the citizen science project is not
sufficient enough and the number of users and their validations should have been considerably higher
to provide a reliable database. Also the number of comparable LUCAS points in the area was too low.
Providing additional data quality included the verification of classifications with the selection of test
samples, the re-evaluation of inconsistent classifications, the examination of numerous ground pictures
(which were taken by the individual users) and the testing of the individual users’ reliability. As an
addition to that, an automated supervised classification based on satellite imagery was also initiated,
which offered an even better overall accuracy of almost 75%, with LUCAS as ground-truth again. The
results of the supervised classification then were compared to the results of the citizen science project
FQA. Before that, both datasets (FQA and SVC) had to be reclassified into two classes: sealed areas and
unsealed areas. The preparation of the supervised classification data was relatively simple, because the
whole research area was classified into the familiar eight land cover class types on a pixel-level. The
data from the citizen science project FQA had to be divided into sealed or unsealed sample points and
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then interpolated, to estimate the areas which were not classified during the campaign in 2015. This left
a very vague map, showing the prognosticated degrees of soil sealing. After setting a reasonable
threshold, finally a map with the estimated sealed surfaces in the research area began to emerge.
The comparison of data from a geographic citizen science campaign with the results of the automated
supervised classification had the purpose to demonstrate or at least indicate the usability and possibilities
of voluntarily generated geodata. Looking at the percentages of the land cover classifications, it became
clear, that every one of the two approaches had its issues. Firstly, the supervised classification had its
problems with wrongly assessed cloud cover, secondly, both methods may had problems with
classifying the different types of vegetation and finally, the number of usable sample points from the
FQA campaign in the research area was just too low. After comparing the two soil sealing maps, nearly
85% of all the compared areas showed a total agreement, only about 15% offered disagreement. The
majority of the agreement (approx. 81%) was due to the vast unsealed areas, combining forests,
farmland, green land and bare soils. Although indicating quite a strong agreement, the significance of
this result should not be overrated, because of the uncertainties within the interpolated FQA map.
The next and most important part in this thesis was the determination of potential correlations between
soil sealing and the 2013 flood discharge areas, with the help of the estimated soil sealing map from the
FQA campaign and the results from the supervised classification. In the course of this thesis it was
detected, that the voluntarily generated data from the FotoQuest Austria campaign (FQA) may not be as
accurate as possible and required. The final analyses, concerning the investigation of correlations, was
split into two parts as a result of that. The first part focussed on the geographic citizen science data and
the supervised classification, derived from satellite imagery. The second part offered a short overview
over the research area based on traditionally generated information, received from official bodies.
The first determination of possible correlations resulted in very low values, ranging from a low negative
correlation of -3.15% (SVC) to a positive correlation of 4.14% (FQA). After focussing the investigation
on a buffer area of 4500 metres along the river course, the values actually increased quite notably
(to -11.44% and 15% respectively). These results are however still too small to reveal a significant
correlation, because strong correlations should offer values of approximately +/- 80%. Further
refinement only increased the resulting correlations marginally. The use of standard methods of
calculating the relationship between the two variables soil sealing and flood extent, resulted in similar
low values for the FQA campaign (1.39%) and the supervised classification (-12.12%). Additionally,
indicators like R-squared indicate quite strongly that there is no real linear relation between the two
variables. The calculation of the covariance as an indicator to which extent the variables change at the
same time, confirmed the very low positive relationship for FQA (0.21%) and the very weak negative
relationship for SVC (-1.54%).
The investigation of traditionally collected data revealed some factors, which may explain the missing
correlation between soil sealing and flood extent as well as the difference between the citizen science
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campaign FQA and the automated supervised classification (SVC). The analysed data was retrieved
from open data platforms like OpenStreetMap and official bodies like the Federal Ministry for
Transport, Innovation and Technology or the national Electronic Navigational Chart. The calculation of
the building density inside (2.18%) and outside (29.56%) of flooded areas, as well as the road density
inside (2.03%) and outside (24.68%) of flooded areas surprisingly indicated a considerable negative
correlation between sealed surfaces and the 2013 flood extent. The standard correlation value of both
building footprints and road networks was -31.14%, which confirms the moderate negative correlation.
This means that the higher the density of sealed surfaces was, the lower were the chances that the area
was inundated. This also implied that the results of the supervised classification are more accurate and
reliable than the results of the FQA campaign. The sealing densities inside and outside flooded areas for
both methods (FQA and SVS) confirmed this statement.
The investigation of official data about flood protection measures and corresponding constructions
revealed not only that there is unfortunately no national database about permanent protection structures,
but also that not every measure taken actually worked. Some dams and walls worked absolutely fine,
while only a short distance away, nearly every protective measure failed and caused material damage.
Another finding was that the biggest inundated areas were meadow landscapes and therefore uninhabited
and unsealed. The investigation of the terrain elevation revealed that there seems to be no connection
between the elevation of the research area and the extent of the flooding.
All the performed analyses showed, that the information generated during the FQA campaign is not
precise enough to determine potential correlations between soil sealing and the extent of the 2013 floods
conclusively. A number of reasons can be listed of why the geographic citizen science approach was not
successful in this case. The lack of participants, the low average validation per user, the low amount of
validated sample points, the strong connection to the much more general LUCAS survey, the low density
of sample points in the research area, the inaccessibility of some locations, the moderate accuracy
compared to other land cover datasets, the rough estimations from the interpolation and the rather
insignificant values of the correlation calculation all contributed largely to the unsuitability of this
dataset for answering the research question. The analysis of traditionally generated information and open
data however determined the mediocre negative correlation between soil sealing and the flood extent.
In order to compete with official data, collected by trained experts, the FQA project has to identify its
weaknesses and reduce and eradicate its errors in order to initiate a more successful and reliable
successor project. The usability of the FQA data for spatial planning or disaster management is
unfortunately not given at the moment. The accuracy and reliability are currently not high enough.
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7.3. Data Sources

Federal Ministry for Transport, Innovation and Technology (BMVIT) – Christoph Hackel
 Flood discharge areas from the 2013 flood event for the Danube River in Austria.
 Predicted average water depths in case of a 30-, 100- or 300-year flood event.
 Information about the different types and frequencies of damages along the Danube River, including
the locations of sediment shifts alongside the river banks (erosion and accretion).
 Electronic Navigational Chart (ENC) for the Danube River in Austria 2010 with encoding guide.
 And many datasets more, which were not used in this master thesis like the Danube Atlas for flood
hazard and risk maps 2012, orthophotos, maps from European waterways, statistical information
about the floods in 1954, general information about the 2002 flood event and statistical data about
water levels from the Austrian Danube in 2010.

International Institute for Applied Systems Analysis (IIASA) – Ian McCallum and Christoph Perger:
 The statistical output from the 2015 FotoQuest Austria campaign in the form of an Excel spreadsheet,
consisting of 19,972 data entries (rows) and 25 data categories (columns).
 General information about the Central European floods in 2013.
 Lots of inputs and advices during regular email-exchanges.

European Commission – Eurostat:
 Land Use and Cover Area Sample (LUCAS) survey, retrieved from http://ec.europa.eu/eurostat/
statistics-explained/index.php/LUCAS_-_Land_use _and_land_cover_ survey (17.04.2017)

Provincial Government of Lower Austria (NOE) – Erik Formann:
 Predicted flood extent in case of a 30-, 100- or 300-year flood event (HQ30, HQ100, HQ300)

Other Sources:
 Digital Elevation Model (DEM), retrieved from https://earthexplorer.usgs.gov (21.05.2017)
 Landsat 8 satellite data via the SCP plugin, retrieved from https://earthexplorer.usgs.gov (no date)
 Building footprints and roads, retrieved from http://www.openstreetmap.org (11.07.2017)
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