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Abstract

Disasters are becoming increasingly present in our everyday lives. The Tianjin explosion in 2015 is a
disturbing illustration of how devastating the effects of poor disaster risk management can be. Since disaster
risk is a complex interplay between vulnerability, exposure and hazards, the analysis and evaluation of
these factors is of critical importance. The responsibility of this objective lies in disaster risk management
in order to ultimately minimize this risk and increase resilience to prevent disasters such as the Tianjin
explosion in 2015 from occurring in the future.

In this context, the aim of this master’s thesis was to evaluate the usability of dashboards for disaster
risk management and to investigate whether decision making and the communication flow could be
significantly improved in comparison to traditional solutions such as static maps.

Within the scope of this master’s thesis, a dashboard prototype was designed and developed on the basis
of a static map of the Tianjin explosion in 2015, under consideration of the user needs of a previously
identified core user employed in the field of disaster risk management. By conducting several user tests,
expert interviews and analyses, a high usability of dashboards for disaster risk management purposes was
ultimately found. Furthermore, a general improvement of decision making processes and communication
flow by dashboards has been identified in the course of a potential analysis. Finally, by conducting an
online survey, the concept of the dashboard prototype was transferred to the disaster risk management
community in order to investigate how the various disaster risk management stakeholders generally
estimate the usability and relevance of dashboards in this field.

Keywords: dashboards, disaster risk management, decision-making, communication flow, interactivity,
usability, cartography
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Chapter 1

Introduction

1.1 Background, Problem Statement and Motivation

Floods, droughts and tropical storms - due to their increasing numbers the evaluation and analysis of natural
and anthropogenic disasters has progressively gained importance in the last decades. Enormous resources
are being invested in the corresponding disaster risk management, which has led to the development of an
originally very small community into an entire industry. This trend is additionally being accelerated by
climate change, leading to a constant growth of this industry.

The acquisition, visualization and analysis of risk-relevant data constitutes an integral part in the disaster
risk management of natural and anthropogenic hazards, in order to ensure the protection of humans and
their property. Thereby risk assessment and crisis management for natural and human induced hazards, but
also geopolitical and other emerging risks like pandemics, make strong use of cartographic visualization
techniques. A good up-to-date example is the case of the corona virus (COVID-19), ravaging in a time
while this master’s thesis was written. As seen in Figure 1.1 during this crisis countless cartographic
dashboards and other cartographic visualizations were created to inform, manage and assess different
aspects of the crisis. This provides a small impression, how greatly these cartographic products are
in demand and how well they can serve for improved vulnerability assessment and decision making in
disaster risk management.

Simultaneously, the field of cartography is constantly evolving, providing more and more possibilities and
tools for better and detailed risk and vulnerability assessment. This trend is supported and accelerated
by faster and better hardware. These developments include for example more interactive and web-based
maps and cartographic visualizations. Flexible and interactive dashboards even take it a step further
by constituting a powerful visualization tool in disaster risk management, providing the possibility to
integrate a variety of those interactive maps, supporting graphs and indicators for presenting information
in a coherent and intuitive manner.

However, until today, the use of static maps and written reports are still primary communication tools
used in disaster risk management. The aim of this master’s thesis is to investigate, whether the process
of decision making, vulnerability assessment and the communication flow in the field of disaster risk
management can be improved with the aid of dashboards. Intentions are hereby to make these processes
faster and more intuitive, bundle risk-relevant information more efficiently and to create an understanding
on a deeper level. This will be achieved within the framework of a requirements analysis by designing
a concept and its implementation for a dashboard with interactive maps and visualizations. Within the
scope of an additional potential analysis the performance of dashboards compared to static maps will
be evaluated. If the potential analysis proves to be successful, a specific and sophisticated dashboard
prototype will be created in collaboration with a core user from the disaster risk community. Subsequently,
it will be evaluated if the concept of a dashboard can be applied within the entire disaster risk community.
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Figure 1.1: COVID-19 dashboard by the Center for Systems Science and Engineering (CSSE) at Johns
Hopkins University (JHU). Retrieved from: Johns Hopkins University (2020)

1.2 Research Identification

The overall research focus of this thesis is to analyze the potential and the added value of dashboards in
disaster risk management compared to conventional and currently frequently used methods like static
maps and reports. Within the scope of this investigation and development three main research objectives
and one sub-research objective with corresponding research questions have been defined. The aim is
to test the usability of dashboards and to identify whether they would make the risk assessment and
decision making process more intuitive with a specific focus on the field of disaster risk management.
Additionally aspects, like increased user satisfaction of a potential core user are also investigated. Finally,
the investigation is expanded to other potential user groups and how the entire disaster risk community
perceives dashboards as a risk assessment tool is examined.

1.2.1 Research Objectives

I Identify whether decision making and communication flow could be improved by the interactive
character of a dashboard compared to static maps.

II Identify whether dashboards as interactive cartographic visualizations are a useful tool for risk and
vulnerability assessment for disaster risk management purposes.

i Identification of a core user and his or her needs within the disaster risk industry for a user-
centered dashboard design. Furthermore, identify whether the dashboard will be accepted by the
core user as an alternative to static maps.

III Investigate whether the concept of a dashboard as an interactive cartographic visualization is applica-
ble to other potential user groups, working in the disaster risk industry in different sectors.
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1.2.2 Research Questions

I

• Can the overall communication flow and decision making processes regarding the efficiency
and accuracy of information capture be improved by using dashboards for risk and vulnerability
assessment in disaster risk management?

• What are the advantages of dashboards over static maps?

II

• Is the concept and the use of a dashboard applicable for risk and vulnerability assessment in
disaster risk management?

• How can the concept of a dashboard prototype be constructed so that it applies effectively
and with a high user satisfaction for risk and vulnerability assessment within disaster risk
management?

i

• What are the needs of a potential core user for a dashboard, working in disaster risk management?

• How should the dashboard be designed and conceived to be accepted by the core user and to
provide a good qualitative feedback?

III

• Is the concept of a dashboard scalable to different institutions, organizations and companies
working in disaster risk management?

• How high is the willingness to use dashboards in disaster risk management?

1.3 Hypotheses

Interactive cartographic visualization tools like dashboards will be an upgrade for risk and vulnerability
assessment for natural and human induced disasters and geopolitical risks. They will contribute to
improving decision making processes and the overall communication flow of risk relevant information.
Additionally, there will be an advantage in the design process for a dashboard-prototype if user-conceptions
and ideas are part of the implementation in the sense of "user-centered design".

1.4 Innovation

The innovation character will be that new cartographic visualization techniques like dashboards will
be implemented into the user environment within the disaster risk community, in order to improve and
optimize the process of risk and vulnerability assessment as well as decision making and communication
flow in disaster risk management. It aims to promote a more intuitive way of using maps and cartographic
visualizations during decision-making processes and to help to take more informed judgments through
smart information bundling. In this context, dashboards may be an innovative alternative to "outdated"
methods as static maps and reports.

7



Chapter 2

Literature Review

This chapter provides sound background knowledge on cartographic visualization techniques in disaster
risk management. An overview is given on how these techniques are linked to decision making and the
communication of risk relevant information. A specific focus is put on the role of dashboards in these
processes. The terms risk, vulnerability, hazard, exposure, dashboards and cartographic visualization
techniques are very broad key terms. In order to provide a deep level of understanding of the context,
detailed descriptions are outlined in the following.

Chapter 2.1. provides relevant definitions, terminology and aspects of disaster risk management in
order to get an overview of the field. Chapter 2.2. focuses on trends in cartographic visualization like
dashboards and highlights the relevance for disaster risk management. It also discusses how cartography
is a powerful tool for decision making and for the communication of risk relevant information in disaster
risk management.

2.1 Disaster Risk Management - an Overview

2.1.1 Definitions and Terminology

In order to get a profound comprehension of disaster risk management, some key terms related to
disaster risk management and reduction need to be explained.

Vulnerability

The concept of vulnerability is crucial for the understanding of the purpose and operation of disaster
risk management.

According to the United Nations Environment Programme (2010) vulnerability is defined as "the char-
acteristics and circumstances of a community, system or asset that make it susceptible to the damaging
effects of a hazard. Vulnerability is the result of the whole range of economic, social, cultural, institutional,
political and even psychological factors that shape people’s lives and create the environment that they live
in."

Vulnerability addresses the crucial conditions that increase the susceptibility of elements at risk to the
impact of a hazard. Elements at risk include society and individuals, assets and other elements, objects
and processes that are susceptible to damage and destruction. Vulnerability is not a fixed term linked
to elements at risk. For example it can vary within a population by subgroup (income level or type of
livelihood) and may increase complexity in risk assessment and vulnerability measurement by changing
over time. The degree of potential damage through the impact of a hazard is defined through the areas
vulnerability (UN-SPIDER, 2020c).
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Figure 2.1: Map about flood risk in Newfoundland. The orange and yellow layer represent the flood risk
with different return periods (20 and 100 years). Exposed houses and railways lie are located within these
layers. Not shown in map are different levels of vulnerability. Retrieved and adapted from: UN-SPIDER
(2020a)

Exposure

As well as understanding vulnerability, the concept of exposure is fundamental for understanding disaster
risk management. UNISDR (2009) defines exposure as "the people, property, systems, or other elements
present in hazard zones that are thereby subject to potential losses".

Exposure can be understood as the stock of property and infrastructure exposed to a hazard (Prevention
Web, 2020a).

Exposure is, differently to vulnerability, directly related to the situation elements at risk (people, in-
frastructure, housing, production capacities and other tangible human assets) are located within hazard
endangered areas (UN-SPIDER, 2020c). As well as vulnerability, exposure is dynamic and varies across
temporal and spatial scales - highly dependent on economic, social, geographic, demographic, cultural,
institutional, governance-related, and environmental factors (UNISDR, 2016).

An example of how exposure of objects are linked to a hazard (outlined in the following section) can be
viewed in Figure 2.1.

Hazard

According to UN-SPIDER (2020c) a hazard is "a process, phenomenon or human activity that may
cause loss of life, injury or other health impacts, property damage, social and economic disruption or
environmental degradation. Hazards may be single, sequential or combined in their origin and effects.
Each hazard is characterized by its "location, intensity or magnitude, frequency, and probability". This
means that a hazard is primarily natural or anthropogenic origin which may evolve to the extend of causing
a disaster (WHO and EHA, 2002).
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Figure 2.2: Natural and anthropogenic hazards - an overview. Graphic derived from: Prevention Web
(2020c) and Munich Re (2020a)

As the last sentence indicates, hazards can be generally divided into two categories: Natural hazards
are naturally occurring physical phenomena, which can be divided into five subcategories: geophysical
phenomena (earthquakes, landslides, tsunamis and volcanic activity), hydrological phenomena (avalanches
and floods), climatological phenomena (extreme temperatures, drought and wildfires), meteorological
phenomena (cyclones and storms) or biological phenomena (disease epidemics and insect or animal
plagues) (IFRC, 2020). Classification schemes for hazards vary between research institutions. Some
also include extraterrestrial phenomena (near-earth objects and space weather) (UN-SPIDER, 2020b). A
detailed overview and classification is displayed in Figure 2.2.

The second category are anthropogenic hazards. Anthropogenic hazards can be subdivided into techno-
logical or human-induced hazards (complex emergencies and conflicts, famine, displaced populations,
industrial accidents and transport accidents). These events are characterized through a human cause and
they occur commonly in, or close to human settlements. Often environmental degradation, and pollution
are closely linked to technological and human-made hazards (IFRC, 2020).

Hazards can often trigger a sub-set of hazards. This can cause a cascading effect like the case of the
tsunami-earthquake-nuclear crisis in Japan, 2011 (Prevention Web, 2020b).

Disaster

Another fundamental term that needs to be described is the key term disaster. According to UNGA and
UNDRR (2016) a disaster is "a serious disruption of the functioning of a community or a society at any
scale due to hazardous events interacting with conditions of exposure, and capacity, leading to one or
more of the following: human, material, economic and environmental losses and impacts." The damage
of the affected area through a disaster is hereby commonly measured in physical units by describing the
total or partial destruction of physical assets, the disruption of basic services and damages to sources of
livelihood.
It is crucial to understand that disasters are not natural in origin, even if the hazard associated with it is.
Hazards do not have to turn necessarily into a disaster, for example when no elements at risk are exposed to
a hazard. Essential is that only in combination with vulnerability and exposure conditions a hazard
can turn into a disaster. This constitutes the fundamental difference between hazards and disasters. The
focus lies here on the possibility (Prevention Web, 2020b).

Disasters can not only be classified by their hazardous origin, but also by their impact at different scales.
The impact of a disaster includes all negative and positive effects (like economic gain and loss) and has
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Figure 2.3: Risks posed by natural disasters. Number of relevant loss events by peril 1980–2019. Retrieved
and adapted from: Munich Re (2020b)

direct or indirect consequences on the economy, humans and the environment (UNGA and UNDRR,
2016).

A classification by impact is provided by UNGA and UNDRR (2016):

• Small-scale disaster: "a type of disaster only affecting local communities which require assistance
beyond the affected community."

• Large-scale disaster: "a type of disaster affecting a society which requires national or international
assistance."

• Frequent and infrequent disasters: "depend on the probability of occurrence and the return
period of a given hazard and its impacts. The impact of frequent disasters could be cumulative, or
become chronic for a community or a society."

• Slow-onset disaster: "a slow-onset disaster is defined as one that emerges gradually over time.
Slow-onset disasters could be associated with, e.g., drought, desertification, sea-level rise, epidemic
disease."

• Sudden-onset disaster: "a sudden-onset disaster is one triggered by a hazardous event that emerges
quickly or unexpectedly. Sudden-onset disasters could be associated with, e.g., earthquake, volcanic
eruption, flash flood, chemical explosion, critical infrastructure failure, transport accident."

The severity of the impact of a disaster is therefore highly dependent on the vulnerability and the exposure
conditions of the affected area.

The Database EM-DAT, an international disaster database by the Belgium Centre for Research and
Epidemiology of Disasters suggests the following criteria to classify a disaster (CRED, 2020). According
to CRED (2020) a hazard turns into as disaster if one of the following criteria is confirmed:

• 10 or more people dead;

• 100 or more people affected;

11



• The declaration of a state of emergency

• A call for international assistance

Figure 2.3 illustrates the common understanding between scientists that the global occurrence of disasters
is frequently rising. According to analysis of the EM-DAT the amount of listed natural disasters has
steadily increased in the last decades - from 78 in 1970 to 348 in 2004 (Than, 2005). Monetary economic
loss or loss of lives, caused by natural (or anthropogenic) disasters, is increasing worldwide respectively
(Munich Re, 2020b).

A crucial aspect is that disasters must not be mistaken with the terms emergency, crisis and catastrophes.
The main difference between those terms is the spatial and temporal scale but otherwise they are inter-
connected, interdependent and overlap significantly. An event is called emergency, when the geographic
scale is rather small and the impact can be handled by local authorities - which in the case of a disaster is
not possible. The term crisis is characterized through its temporal peculiarity - continuing events that
may lead to a disaster (Tomaszewski, 2014). Catastrophes are very similar to disasters definition wise -
but have a bigger impact to physical, social and organizational systems (Quarantelli, 2006).

Disaster Risk:

Since risk is a forward looking concept, "Disaster risk is expressed as the likelihood of loss of life, injury
or destruction and damage from a disaster in a given period of time (Prevention Web, 2020c)".

Risk represents the presence of vulnerable elements in areas exposed to hazards. The equation in Figure
2.4 demonstrates this coherency. The equation of hazard, exposure, vulnerability and risk illustrates
clearly that if a hazard occurs in an area of no exposure, no risk can occur. All terms of the equation
must be present to constitute the potential risk for a disaster. Conversely, there is a zero probability for a
disaster if one of the terms is missing. From the equation can be also derived that increases in the terms
vulnerability and exposure dominate and trigger the overall increase in risk. This trend can be observed
worldwide in increased risk of disasters over the past several decades (UNISDR, 2009).

In order to understand the concept of disaster risk more coherently, the following aspects need to be
considered:
Disaster risk can due to its dynamic nature change through increasing or decreasing vulnerability or
exposure of the elements at risk. Risk is an abstract concept, and consequences through frequent, low
impact events are often hidden. It is crucial to understand that the pattern of disaster risk reflects globally
the social construction of exposure and vulnerability. Since hazards affect different areas, but exposure
and vulnerability depend on socio-economic factors, disaster risk is unevenly distributed around Earth,
affecting most those who do not have the means to protect themselves. The complexity of disaster risk is
high - many processes and factors, like climate change and globalized economic development, have a
direct effect on vulnerability, exposure and hazards, triggering the emergency of new interconnected risks
(Prevention Web, 2020c).

Risk drivers triggering disaster risk and indicate development failure are according to UNISDR (2009):

• Poverty

• Inequality

• Poorly planned and managed urban and regional development

• Climate change

• Environmental degradation

• Globalized economic development

• Weak governance

12



Figure 2.4: Equation of disaster risk. Derived and adapted from: UNDRR (2015b)

Since a disaster is a direct indicator of development failure, disaster risk automatically constitutes a
measure of sustainability development (Prevention Web, 2020c).

Disaster Risk Reduction:

The identification and assessment of disaster risk is crucial for the understanding of how to efficiently
reduce the risk of disasters. According to UNDRR (2015b), since 1980 over 1.6 billion people have been
killed through the impact of disasters. Furthermore, by 2030 the estimated global average annual loss will
increase up to 415 billion US dollars - forcing disaster risk to horrendous levels. These numbers show
that disaster risk reduction is a higher-level problem and affects people, business and governments and
different parts of society alike. It is essential to understand that disaster risk reduction must be considered
as a shared value - a process only able to function with a multi-sector and human-centered approach
(Prevention Web, 2020c).

In order to achieve disaster risk reduction globally, established patterns like high levels of inequality, rapid
urban development and environmental degradation need to decrease (UNDRR, 2015a). Future risk can be
only prevented, by reducing on the one hand existing risk for example by extenuating risk drivers, but on
the other hand strengthening the resilience of elements at risk and support their sustainable development.
Resilience can be viewed as the ability of societies, the economy and other elements and systems at risk to
resist, absorb, accommodate, recover from disasters, whilst at the same time improve well-being (UNDRR,
2015b).

For effective disaster risk reduction detailed risk assessment and management is inevitable. Risk assess-
ment, in order to reduce disaster risk in the future, is usually conducted by analyzing trends of, for instance
previous disaster losses or in modeling, estimating and predicting future losses (Prevention Web, 2020c).
Disaster risk reduction is therefore in special focus and requires particular attention in the formulation of
policies and actions.

2.1.2 Disaster Risk Management Cycle

This section provides an overview of the disaster risk management cycle - a well established concept
that is used to provide profound understanding of how different phases before, during and after a disaster
are interconnected. The concept can be viewed in Figure 2.5.

Disaster Risk Management Definition

Disaster risk management and disaster risk reduction are interchangeably linked to each other. Disaster
risk management can be generally assumed as the implementation of disaster risk reduction (UNDRR,
2015a).
As the UNISDR (2009) report states, disaster risk management is "the systematic process of using
administrative directives, organizations, and operational skills and capacities to implement strategies,
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Figure 2.5: Disaster risk management cycle. Retrieved and adapted from: Le Cozannet et al. (2020)

policies and improved coping capacities in order to lessen the adverse impacts of hazards and the possibility
of disaster".
It aims to avoid the constitution of new risks, addresses and decreases pre-exisisting risks and transfers
and disseminates the risk of future disasters. Disaster risk management implements this contingency by
taking measures and activities for preparedness, response, recovery and prevention (UNISDR, 2009).
Figure 2.5 displays disaster risk management as a continuous cycle, constituting the basic concepts for the
implementation of these measures. On a higher level disaster risk management aims to strengthen the
resilience of a society to resist and recover from disasters (Prevention Web, 2020c).

Especially huge disasters like Hurricane Katrina in the United States, 2005 and the Fukushima disaster
in Japan, 2011 show that disaster risk management frequently gains importance and must be managed
on an ongoing basis. Efficient disaster risk management requires a network of many stakeholders like
governments, development institutions and other partners to work cooperatively together and have the
possibility to share risk relevant information and data (GFDRR, 2014).
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The availability of more detailed data on hazards, exposure, vulnerabilities and losses increased the
accuracy of disaster risk management in the last decades and leads to more efficient measures to prevent,
prepare and financially manage disaster risk (OECD, 2012).

Preparedness and Planning

The term preparedness and planning in the disaster risk management cycle includes all accessible
knowledge about capacities of governments, professional response and recovery organizations, communi-
ties and individuals or other vulnerable elements within an area exposed to a hazard. Preparedness and
planning constitute the first step within the disaster risk management cycle. It is a key aspect to efficiently
combine this knowledge in order to take actions and measures for effectively anticipating, responding,
recovering and taking prevention steps, from the impacts of likely imminent or current hazard events
or conditions. This includes all planning activities for the case of a potential disaster. This means for
instance installing early warning systems, identifying evacuation routes and preparing emergency supplies
(Prevention Web, 2020b).

The UNDRR (2015b) report states that key activities related to disaster preparedness include strengthening
the policy, technical and institutional capacities of institutions ideally at all levels in regional, national
and local disaster risk management. Especially relevant is strengthening capacities of technological
hardware and software (crucial for disaster risk assessment and management), training measures for rescue
teams and preparing material resources. Also the exchange of information, the coordination of early
warning systems, initiating disaster risk reduction measures early and preparing disaster response are key
components in disaster preparedness - ensuring amongst other things that the dialogue between relevant
agencies and institutions is secured at all levels.
Disaster preparedness is a dynamic concept. An integral aspect is that plans and policies need to be
periodically reviewed and updated with particular focus on the most vulnerable areas and groups. This is
relevant in order to ensure rapid and effective disaster response in case of an disaster event and to be able
to support recovery and mitigation measures at an early stage.

Response

The response component within the disaster risk management cycle is defined as "the provision of
emergency services and public assistance during or immediately after a disaster in order to save lives,
reduce health impacts, ensure public safety and meet the basic subsistence needs of the people affected
(UNISDR, 2009)". Response can be viewed as emergency and disaster management during or immediately
after a disaster has happened. Emergency and disaster management describe the "state in which normal
procedures are suspended and extra-ordinary measures are taken in order to avert a disaster (WHO and
EHA, 2002)".

The location aspect is most critical in disaster response. Fast and reliable information is crucial for
reaching the affected areas and to provide first aid (HOT OSM, 2020a). Within the response phase the
overall aim is to meet immediate and short-term needs. The transition to the recovery and rehabilitation
phase proceeds often smoothly.

A typical example of response measures is the activation of early warning systems, to effectively provide
a system that allows communication between all stakeholders. Early warning systems also provide the
foundation for the interoperability between adjacent countries, agencies and neighboring cities (UNISDR,
2020). Another example are mapping services including the rapid mapping service from the Copernicus
Emergency Management Service1 and HOT OSM. These services aim to provide reliable information
about the affected location. Using satellite and drone imagery in order to rapidly generate map data, these
services supply maps, for instance to provide a fast overview for NGOs.

1https://www.copernicus.eu/en/services/emergency
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Recovery and Rehabilitation

The recovery and rehabilitation phase states the beginning of the restoration and, when possible, the
improvement of the facilities, livelihoods and living conditions of the communities affected by the occurred
disaster. Ideally this is conducted under the long term objective of reducing disaster risk factors through
sustainable measures.

Often the recovery and rehabilitation phase begins during or shortly after the response phase (for instance
emergency shelters constitute the foundation of a new village). Especially this phase within the disaster
risk management cycle provides valuable opportunities to apply the "built back better principle" by
developing and conducting measures to reduce the disaster risk.

Ideally, the recovery and rehabilitation phase is based on pre-existing strategies and policies developed
in the preparedness and planning phase, in order to enable clear institutional responsibilities and public
participation. The effect of rising public awareness and increasing resilience of communities helps to
collectively reduce exposure and vulnerability to future hazards (UNISDR, 2009).

Prevention and Mitigation

While prevention is the "outright avoidance of adverse impacts of hazards and related disasters", mit-
igation describes the "lessening or limitation of the adverse impacts of hazards and related disasters
(UNISDR, 2009)." Full prevention is an abstract concept in order to completely avoid potential adverse
impacts through a perfect preparedness and planning phase. In reality this concept is hardly fully appli-
cable, which is why the concept of mitigation seizes. This is the reason why the terms prevention and
mitigation are often in interchangeable use.

Various actions and strategies can be conducted in order to lessen the scale and severity of hazard impacts
significantly. These actions include engineering techniques and hazard-resistant construction, as well
as improved environmental policies and public awareness. Concretely, examples could be dams or
embankments that prevent flood risks, land-use regulations that do not permit any settlement in high risk
zones, and seismic engineering designs that ensure the survival and function of a critical building in
earthquake zones. If these measures fully prevent a 100% the disaster risk, it is referred to as prevention.
Everything less than a 100% prevention is called mitigation (UNISDR, 2009).

2.1.3 International Disaster Risk Community

This section addresses some important practitioners and mechanisms of the international disaster risk
management community and the network behind it. A diverse range of companies, institutions, organiza-
tions and governmental authorities are working in the field disaster risk management. They all contribute
individually to disaster risk management and collaborate often to form policies, take measures, provide
risk relevant data and information and to conduct disaster risk assessment. They are unified by the fact
that they all take part in one or more different stages within the disaster risk management cycle.

International Organizations

International organizations are an association of at least two states or other subjects of international law,
which is established on a permanent basis. It usually operates across national borders and performs
supranational tasks. International organizations function as a key part in disaster risk management by
establishing and providing communication and administrative structures across borders.

A prominent example of an international organization is theUnited Nations. The United Nations has many
different bodies for tasks related to disaster risk management that involve in some aspect the management
of disasters, humanitarian relief, or related activities. In the following a few of those United Nations
organizations are named.
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The Relief Web, a sub organization of the Office for the Coordination of Humanitarian Affairs, is a United
Nations funded organization which aims to serve as an information management coordination role through
the collection, maintenance, and dissemination of humanitarian information to the humanitarian commu-
nity. It provides a collection of information from more than 4,000 key sources, including humanitarian
agencies at international and local levels, governments, think-tanks, research institutions, and the media
(OCHA, 2020).

UN-SPIDER is the United Nations Platform for Space-Based Information for Disaster Management
and Emergency Response, an official mandated UN program with the goal to provide comprehensive
space-based information within the full disaster risk management cycle. The mission of the UN-SPIDER
program includes for example to provide transitions between different disaster management communities,
for instance in form ofworkshops including participants from governments, NGOs and academia (Backhaus
et al., 2010). UN-SPIDER also functions as a gateway to spatial and temporal information to support
disaster risk management (Tomaszewski, 2010).

The PreventionWeb is a "a collaborative knowledge sharing platform on disaster risk reduction (DRR),
managed by the UN Office for disaster risk reduction (UNDRR)(UNDRR, 2020)." The website offers
a range of knowledge products and services to facilitate the work of disaster risk professionals. The
PreventionWeb additionally functions as a knowledge base. It provides daily and weekly alerts in disaster
risk reduction and definitions of key concepts for understanding risks related to disasters (UNDRR, 2020).

NGOs

NGOs are non-governmental organizations which are defined by their voluntary character and their
independence of governments. While they are non-profit making, they take directions in international
assistance in natural and human-made disasters. They distinguish themselves from other forms of organi-
zations in the field by taking quick actions during the response phase within the disaster risk management
cycle, with the aim to save as many lives as possible with the given funds (Mondal, Chowdhury, & Basu,
2015). However, they also take other specific roles in different stages of the disaster risk management
cycle apart from their strong activities in the response phase.

In the preparedness and planning phase, before a disaster has occurred, tasks include:

• Training and capacity building of NGO staffs and task forces

• Set up of information channels to affected districts

• Advocacy and planning

• Regular contact with control rooms

During a disaster within the response phase the focus is on:

• Activate warning dissemination to reach the target groups

• Help administrations for wide dissemination of warning

• Immediate rescue and first-aid, including psychological aid, supply of food, water, medicines, and
other immediate need materials

• Ensuring sanitation and hygiene

• Damage assessment

With the ending of the direct emergence, NGO’s also provide aid in the recovery phase:

• Technical and material aid in reconstruction;

• Assistance in seeking financial aid;

• Monitoring
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Well known NGOs are for example the International Federation of Red Cross and the German Federal
Agency for Technical Relief (THW), a German civil protection and disaster relief organization of the
federal government run by volunteers and full-time staff.

Private Sector

Due to the dense network of stakeholders within the private sector, it is difficult to classify its role within
the disaster risk management cycle. Generally, scientists agree that the private sector is very involved
in disaster risk management - having a direct impact on the economic stability of a country (Izumi &
Shaw, 2015b). Examining businesses on a local level, the main involvement is to ensure the continuity of
business during and after a disaster.

Izumi and Shaw (2015a) identify five ways how businesses and stakeholders are directly engaged in
disaster risk management in the private sector:

• "Direct assistance to communities"

• "Disaster preparedness for own business"

• "Developing innovative products based on business, technology, and expertise"

• "Joint projects with NGOs, governments, and international organizations as implementer"

• "Establishment of private foundations, NGO’s, and trusts"

The role of the private sector as an integral component within disaster risk management and has been
accepted for several years on an international level. However, it is recognized more recently that a multi-
stakeholder concept is key for successful involvement of the private sector. Historically, private sector
actions were mainly in the preparation and planning phase and in the recovery phase accordingly located.
An example would be an engineering office conducting reconstruction after the occurrence of a disaster
(Johnson & Abe, 2015).

With increasing focus on disaster risk reduction the GFDRR (2014) identifies the following sub-sectors
which provide significant risk relevant information for managing disaster risk - shifting the focus in private
sector activities also to the mitigation and prevention phase:

• "The insurance sector - essential quantification of disaster risk"

• "The construction sector - quantifying the potential risk expected in the lifetime of a building,
bridge, or critical facility"

• "The land-use and urban planning sectors - for robust risk analysis for driving likewise the investment
in protection measures"

Examples of businesses working in disaster risk management within the private sectors are for instance
the Munich RE Group - one of the biggest re-insurance worldwide. Their services include for example
providing risk relevant information about global warming and furthermore the assessment of risk for a
potential hazard for their customers.
Another example is the GAF AG. The GAF AG is a company that is (amongst providing other services
and tasks) the executive force by conducting rapid mapping services for activations within the Copernicus
Emergency Management Service for worldwide disasters.

Academia

Academia in disaster risk management includes the overall community of students and scholars in higher
education at colleges, universities, scientific research and development institutions engaged with disaster
risk. Expert scientific knowledge provided by academia is by now integral part within disaster risk
management.
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In general, academia performs tasks mainly within the prevention and mitigation phase as well as providing
risk relevant information and data. Data and information are frequently used for planning purposes during
the planning and preparedness stage within the disaster risk management cycle. Academia often provides
the scientific foundation of key concepts which are then applied and used by the industry in the private
sector. However, the usage is also in other sectors well established.

Within a declaration document on disaster risk reduction, following commitments from science to disaster
risk reduction are addressed by AMCDRR (2012):

1. Research - For promoting, prioritizing and advancing research on natural, social, engineering and
technological aspects of disaster risk in an integrated environment

2. Integration - Taking the role as a coordinator by ensuring integration of disaster research programs,
policies, and applications across disciplines. This includes also the contribution to enhancing policy
making and capacity building for effective disaster risk reduction and sustainability

3. Global Standards - Development and coordination of globally recognized standards. This includes
standards about "open source information, disaster loss data, procedures for documentation and
analysis of events, guidelines and frameworks for integrated and effective disaster risk management
and sustainable development."

4. Awareness - Increasing the sensibility of decision-makers and the public by "promoting effective,
integrated, demand-driven, evidence-based disaster risk initiatives and increased advocacy."

5. Education - Support holistic and scientific based approaches in natural hazards and disaster risk
education and training.

6. Increase Funding - "Motivate funding sources (public, private, humanitarian, development, scientific,
etc.) to allocate priority funding to address the urgent need for applied and basic integrated research
on disaster risks."

Additionally, research in disaster risk reduction contributes to the identification of scientific disaster knowl-
edge gaps between science and technology (Izumi, 2016). The increasing importance of complete, reliable
and scientific correct data for disaster risk management leads to a development that has consequently
marked a change in the role of science for the management of risks and hazards at the policy level (Albris,
Lauta, & Raju, 2020). This change includes adaption in practices, plans, and ideas in the domain of
disaster risk reduction - leading eventually to more sophisticated solutions for informed decision making
(Shaw, Izumi, & Shi, 2016).

Prominent examples of institutions within the research sector that are contributing to research and
development in disaster risk management include the GFZ Potsdam (German Research Centre for Geo-
sciences). The GFZ coordinates for instance projects like GITEWS (German Indonesian Tsunami Early
Warning System). Another example is the Centre for Research on the Epidemiology of Disasters (CRED)
at the School of Public Health of the Université catholique de Louvain. CRED maintain the EM-DAT, a
global database on natural and technological disasters. Main aims are rationalizing decision-making for
disaster preparedness and the provision of an objective basis for vulnerability assessment and priority
setting (CRED, 2020). Further examples are the German Aerospace Center (DLR), European Space
Agency (ESA) and as well the United States Geological Survey (USGS) - institutions all engaged in a
variety of research and development projects in disaster risk management.

Governmental Authorities

Local and federal governmental authorities include all governmental linked organizations, institutions and
administrations at all levels involved in civil protection against all kinds of natural and human-induced
disasters (including sometimes war). The task of local and federal governments is to provide support in
disaster risk management including "information-sharing, coordination, managing scarce resources and
conducting crisis management exercises (BBK, 2017)."
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A characteristic aspect is that local and federal governments are usually the first ones to respond, after a
disaster has happened. Meaning, they are the first ones to conduct risk assessment, decision making, and
being responsible for information sharing and a functioning communication flow for often several hours
and days (Col, 2007).

Shi (2012) identifies three main key concepts of governments in integrated disaster risk management
based on practices in China:

1. "Overall leadership - taking measures politically, socially, culturally, and economically, that include
resource assurance and technical support"

2. "Engaging civil society"

3. "International cooperation - governments are obligated to fulfill their humanitarian role, in order to
politically carry out disaster reduction diplomacy"

Further measures include: planning and preparing civil protection, providing training (basic and advanced)
for decision-makers and top executives, maintaining information and coordination service, warning and
informing the public and strengthening civil self-help (BBK, 2017).

2.2 Disaster Risk Management in Cartography

The importance of disaster risk management has been increasingly recognized in recent decades - with
the result that there is a growing urgency and significance to get engaged with the subject in a number of
different fields likewise. This trend also evolved in the field of cartography, where disaster risk management
has become an essential component. The role of cartography is particularly interesting for disaster risk
management because it is not only useful for presenting causal correlations in a spatial and temporal
context, but also serves as a powerful tool for decision making and risk assessment and improves the
understanding and communication of risk-related information at a deeper level.

2.2.1 The Use of Cartography in Disaster Risk Management

This section reviews, why mapping spatial and temporal information constitutes an integral part and is fre-
quently used in disaster risk management. Crucial aspects about cartography in disaster risk management
are outlined and highlighted in the course of this section.

Due to the reason that disasters are fundamentally of spatial but also of temporal character, cartography
is of crucial importance for disaster risk management, by being able to link and visualize both aspects.
Although cartography has been involved in disaster risk management for a long time, the recognition and
appreciation of the power of maps by the public, has even increased the importance of cartography in
the last years. The fundamental coherence that cartography fosters spatial thinking is a key aspect. By
providing the possibility to represent critical aspects about the situation of a disaster through map-making,
is one of the reasons, why cartography plays a key role in disaster risk management (Tomaszewski, 2014).

Cartography allows people involved in disaster risk management to understand the geographical context
behind disaster situations. Cartography provides hereby the ability to understand questions about the
spatial and temporal aspects of disasters. Basically, cartography tries to visualize what, how and why
disasters happen or have happened, in a spatial and temporal context. These questions allow people,
involved in disaster risk management, to conduct detailed interpretations about disaster situations, facilitate
decision making and reasoning on a deeper level. This constitutes the foundation for profound situational
awareness for disaster events, and processes linked to it. The situational awareness regarding a disaster is
fundamental in disaster risk management in order to bring them under control or keep them controllable.
Therefore, the contribution to achieving situational awareness is a key aspect, why cartography is so
frequently used in disaster risk management (Tomaszewski, 2014).
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Humans are visual creatures. It has been proven, that causal relationships can be better understood, when
they are visualized. At this point the approach of cartography applies. Cartography uses visualization
tools, like geo-information systems (GIS) and remote sensing to implement measures in the planning,
response, recovery and prevention phases. These tools have the effect through visualizing the geographical
context, to increase the situational awareness in disaster risk management (Tomaszewski, 2014). By
transferring risk-relevant information through the visualization channel, this effect is achieved in a very
structured and efficient way - and information can be perceived in a much more intuitive way, than for
instance a report.
In the following, selected case studies that were conducted in the individual phases are listed below,
to provide a clear impression how disaster risk management is conducted with maps and cartographic
visualizations. Measures in form of meaningful maps within the different stages include:

Cartography in Preparedness and Planning

The first step in the planning and the preparedness stage within the disaster risk management cycle is
to establish the basic requirements and conditions to conduct cartographic activities. This includes the
procurement of geo-information systems, preparing and processing essential data sets, the necessary
technology to do so and to provide all necessary processes and services that are used during other disaster
risk management cycle phases.

This includes for instance the preparation and production of reference layer sets and other geo-information
layers that may provide an overview over the geographical context, the access to databases and the
establishment of technological structures for people to share data and risk relevant information.
Common tasks conducted by cartography in the preparedness and planning stage are:

• Evacuation route planning

• Evacuation zone planning

• Scenario overview through reference maps

• Identification of vulnerability and elements at risk

• Preparing timelines for possible disaster and their event dynamics, including possible secondary
events

• Preparing databases with all necessary information for the case of an emergency

For example the risk and recovery service from the Copernicus Emergency Management Service, provides
a mapping service for on demand provision of geo-spatial information. The service supports emergency
risk management not related directly to the response phase but for preparedness purposes (and also
prevention and disaster risk reduction) of vulnerable areas. The service includes the provision of maps
about possible impact assessment and exposure analyses on asset and population, reference maps, land use
and land cover data sets for planning and preparedness purposes (Copernicus Emergency Management
Service, 2020).

Many case studies exist for particular vulnerable areas. An example of an up-to-date case study, where
cartography in combination with remote sensing is used for preparation purposes is a case study by
(Amarnath, Matheswaran, Pandey, Alahacoon, & Yoshimoto, 2017), conducted in the Bagmathi Basin,
India. In this area it is at present impossible to prevent the occurrence of extreme flood events, due to
high monsoonal rains. Disaster planning is conducted in this case study through "robust hydrodynamic
models to develop flood extent maps in conjunction with freely available remote sensing imageries at
different scales". The approach was designed to prepare and provide input information in near real time.
Mapping flood extends with MODIS remote sensing data was conducted, in order to be prepared for the
response phase in the case of a flood disaster is happening.
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Cartography in Response

Cartography in the response stage within the disaster risk management cycle is probably the most recog-
nizable phase from a public point of view.

Cartography is crucial to identify in the response phase of the disaster risk management cycle the location,
the type and impact of a disaster. Prominent and impactful portrays of the progress of ongoing human-
induced and natural disaster through cartographic visualizations and maps in media news, leave a vivid
impression. Cartography often provides an overview and rising public awareness over a disaster situation,
for instance the progress of the spreading of a pandemic like the COVID-19 as flow maps, or the path
of a hurricane visualized on maps. Furthermore, cartography often plays a key role in showing how a
disaster situation is handled by task-forces and involved practitioners like NGO’s during the response phase.
Mapping in the response phase serves as a key function for coordination activities and situation awareness
through (real time) maps for the identification of progress during a disaster. Narrowed down, cartography
can be viewed in the response phase as a situational awareness support mechanism (Tomaszewski, 2014).

Frequent tasks, where cartography is involved in the response phase after a disaster has happened, include:

• Disaster warning through geo-information systems - e.g. real time weather or real-time earthquake
information through geo-information systems or mobile apps

• Rising the awareness of a situation through cartography by e.g. real time tracking of a hurricane
path

• Hot Spot Mapping - e.g. current states of forest fires

• Density Mapping - e.g. the frequency of 911 calls after a disaster has happened or social media
tags linked to disasters

• Real time cartography for decision making for involved practitioners, task forces and emergency
operation centers

• Fast damage assessment in getting first information about the degree of destruction through a hazard

• Crisis mapping by volunteers

One example for concrete cartographic involvement within the response phase is the rapid mapping
service of the Copernicus Emergency Management Service. This service "consists of the on-demand and
fast provision (hours-days) of geo-spatial information in support of emergency management activities
immediately following disaster. The service is based on the acquisition, processing and analysis, in rapid
mode, of satellite imagery and other geo-spatial raster and vector data sources, and social media when
relevant." Entities and organizations at regional, national, European and international level active in the
field of disaster risk management (including the EU Member States and international Humanitarian Aid
organizations) are enabled to claim this service (Copernicus Emergency Management Service, 2020).

A similar service is provided Humanitarian OpenStreetMap Team - with the difference that volunteers are
engaged to map, validate and contribute key skill sets, by developing and maintaining the technical tools
behind the service (HOT OSM, 2020b).

The warning app "NINA" provided by the Federal Office of Civil Protection and Disaster Assistance
(BBK) includes functions, which enable users to select places and areas, for which they would like to
receive alerts. Also warning messages are included in the map view and additionally, the provision of
warning tips for emergency situations are provided, for instance how to protect oneself (BBK, 2020).

Ikeda and Inoue (2016) developed with a Multi-Objective Genetic Algorithm (MOGA) a system for route
planning, in order to support survivors and refugees during a disaster situation. The proposed system has
three objective functions, which are: evacuation distance, evacuation time and safety of evacuation route
in order to increase safety during a disaster situation.
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Cartography in Recovery and Rehabilitation

Since the transitions between the recovery phase and the immediate response phase (and as well sometimes
the mitigation phase) are overlapping and often not clear defined, it is crucial to ensure that the cartographic
infrastructure is maintained and available during the whole recovery process. An intensive response phase
can burn a lot of money, resources and capabilities - also in the field of cartography. It is therefore crucial
to ensure that enough capabilities remain in order to conduct the recovery process efficiently - in the best
case after the "built back better principle". Cartographic capabilities include sufficient computational
infrastructure, reference data-sets and the availability of skilled, in cartography trained personnel. The
capabilities contribute to stabilizing and conducting recovery measures after a disaster (Tomaszewski,
2014).

Common measures in disaster recovery tasks where cartography provides support, are for instance in the
field of construction (e.g. the monitoring of rebuilding and redevelopment of houses and neighborhoods).
Hereby mitigation measures are oftentimes already in the recovery process included, for instance the
identification of potential risks and vulnerabilities for more resilient rebuilding. But also public health
often relies on cartography e.g. in site selection issues for health centers, after a disaster has occurred
(Tomaszewski, 2014).

According to Rinner (2007) recovery tasks linked to cartography often refer to:

• "Geocollaboaration - the coordination of spatial activities related to long term recovery, which
include the involvement a variety of different practitioners in disaster recovery conducted with the
help of maps and spatial representations"

• "Restoring Critical Infrastructure - Cartography support the planning of vulnerability and restoration
activities through visualization official proximity and distribution of critical capabilities of power,
water, electricity and transportation systems"

• "Debris Cleanup - Cartography provides the crucial technology for planning, analyzing, modeling
debris clean up activities

• Recovery Planning - Cartography is involved in the initial planning processes of broader disaster
recovery activities"

• "Maps can be used as the visual, spatial representations of ideas, arguments,and discussion points
that focus on how a community rethinks and re-imagines itself after a major disaster has physically,
psychologically, and economically impacted the community"

MacEachren (2005) proposed a framework for the particular role of cartographic visualization as a support
mechanism in the geo-collaborative process: He states that maps are the objects of collaboration. Maps
can be seen as symbols that abstract the efforts of actors working together on the recovery processes,
as mentioned above. MacEachren (2005) also mentions that maps enable support for human dialogue,
information sharing, negotiation, and discussions. Maps constitute hereby excellent tools to reformulate
and re-express concepts, visualize opinions and to share risk relevant information. Finally, they also
are crucial for coordination purposes. Maps and cartographic visualization are fundamental to support
coordinated activities, especially within the short term recovery phase.

Following a case study conducted by Soulakellis et al. (2019) is a good up-to-date example on how
scientists are working on recovery tasks. Soulakellis et al. (2019) used a real time kinematics system,
terrestrial photogrammetry, unmanned aircraft systems and terrestrial laser scanner for collecting accurate
and high-resolution geo-spatial information. This was implemented in order to conduct 3D mapping, 3D
modeling and damage classification grades for detailed damage assessment after an earthquake event
in Lesvos, Greece. This research constituted the foundation for recovery and rehabilitation processes.
Contreras, Blaschke, Tiede, and Jilge (2016) conducted as similar case study, by monitoring recovery
after earthquakes through the integration of remote sensing, GIS, and ground observations. They detected
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changes in buildings during the recovery processes by visual analysis, through automated change detection,
using a set of decision rules formulated within an object-based image analysis framework.

The above mentioned Copernicus Emergency Management Service also supports actors involved in
recovery processes via providing mapping services. The products provided by the service include
detailed damage assessment analyses over affected areas, reconstruction monitoring and post disaster risk
assessment (Copernicus Emergency Management Service, 2020).

Cartography in Mitigation and Prevention

Cartography constitutes a key position in modeling disaster mitigation activities as hazard and risk
scenarios by assessing vulnerability (socially, physically and economically). Cartography in disaster
mitigation is often linked to an interdisciplinary context - requiring connection across multiple areas like
earth science, sociology and environmental sciences. In the ideal case, cartography efficiently helps to
reduce vulnerability towards potential hazards by for example strengthening the resilience. Fung (2012)
mentions that the use of cartography to "inventory, analyze, visually represent, and ultimately understand
and manage risks as a means to improve resilience continues to grow."

Hence, cartography used as a tool for disaster mitigation includes mainly techniques to conduct risk and
vulnerability assessment, in order to understand where prevention and mitigation can be effective and
helpful. A common cartographic technique to assess and quantify vulnerability and risk include spatial
indexing. Spatial indexing is the process to assigning numerical or qualitative values linked to social
variables (e.g. education level, gender, age) or physical variables (building materials or proximity to
flood zones) to a preexisting spatial unit or geographical region. The numerical or qualitative values
represent the level of risk or vulnerability within a geographical context. Other cartographic mitigation
and prevention measures include loss estimations and hazard proximity assessments (Tomaszewski, 2014).

Mendes, Tavares, and Santos (2019) conducted a case study were exactly these social variables were
assessed. Social vulnerability variables like vulnerable age groups and housing conditions were identified
and then evaluated according to the educational and economic situation. Furthermore, emergency infras-
tructures were assessed for infra-municipal risk practitioners and planners, in order to improve the overall
information management.

Other mention-worth case studies in this context are:

• Ebert, Kerle, and Stein (2009), who examined physical vulnerability variables like building materials
observed via remote sensing and GIS for understanding social vulnerability in urban environments

• Remo and Pinter (2012), who conducted a detailed case study about loss estimation using the
the multi-hazard risk assessment software HAZUS in order to provide mitigation measures for
earthquakes in Illinois

• Hatrushi and Mubarak (2017) determined the potential areas that will be affected by sea level rise
using GIS and remote sensing techniques in order to create the basis for mitigation measures and
prevention

• Parvez et al. (2017) did a study on seismic hazard assessment to provide the essential structures to
conduct mitigation measures and reliable prevention as to improve building codes, particularly for
the protection of critical infrastructures and for land use planning

• Grinberger, Lichter, and Felsenstein (2015) used visualizations techniques as detailed dynamic
web-mapping simulating global resilience measures, effects on residential and non-residential
capital stock and population dynamics in order to assess the resilience
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Figure 2.6: Cholera map of John Snow, created in 1854 during a deadly cholera breakout in London.
Cases are highlighted in black on the map

Decision-Making and Communication of risk-relevant Information through Cartographic Visual-
izations over Time

A very prominent and historic example of how disaster risk management was conducted with maps in the
past is the Cholera Map by John Snow (Figure 2.6), which was created in 1854. By visually tracking the
cholera cases (highlighted in black on the map), John Snow was able to trace back the cholera outbreak
to a single contaminated water pump. The cartographic visualization has been the key element in this
example and has provided the cornerstone for the decision to turn off this water pump in order to prevent
further infections.

Through their ability to provide access to the situational awareness linked to a disaster, maps or cartography
in general constitute therefore a powerful tool, to facilitate better and more informed decision making.
Situational awareness is the fundamental basis for informed and effective decision making. Disaster
practitioners for instance need to have sound knowledge which evacuation roads exist and where they are
exactly located. In order to perform reasonable and sophisticated decisions, the context of situational
awareness is crucial, in order to decide for instance, which evacuation road to take. Another example
would be that it needs to be clear, where different population groups are located within an exposed area.
This is crucial in order to decide, which are the most vulnerable and may need aid most urgently.

The more comprehensive and timely risk relevant information is provided, the better the medium can
be used for in-depth decision making. This is the reason why in cartography the trend develops
towards real time, web-based and interactive maps, because of their ability to display a range of
risk relevant layers intuitively (Tomaszewski, 2014).
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The reaction on disasters highly depend on the stakeholders perception of risk and the strategies applied to
protect their interests (Ceccato, Fernandes, Ruiz, & Allis, 2014). Only the involvement of all stakeholders,
especially the public participation of local stakeholders in political, economic and social decisions, ensure
a sustainable development process in disaster risk management. The identification of the individual
perceived high risk areas, is hereby a key component to achieve sustainable development (Eden, 1996).
Ceccato et al. (2014) suggest that better solutions can be achieved, when all stakeholders work commonly
together by reviewing the perspectives of other stakeholders mutually. Basic requirements are hereby that
"decision-making entities are receptive to new ideas and flexible in their adoption" as well as innovative
and interdisciplinary research.

Padilla, Creem-Regehr, Hegarty, and Stefanucci (2018) state that "People use visualizations to make
large scale decisions." Hence the identification and mapping of different risk perceptions of individual
stakeholders constitutes the critical first step for decision processes in disaster risk management. The
transfer of spatial information plays hereby often an important part in decision making, planning activities
and risk analysis. Especially the use of maps in decision making has several advantages - they are
understandable, in the best case even without verbal aid, show the intended information fast and efficient
and reveal the geographical context. Pfeiffer et al. (2008) argue that the visualization aspect supports
collaboration, analytical reasoning, problem solving and decision-making.
Especially web-cartography and new geo-information system tools evolved through rapid technical
advances in the last years. Coming with dynamic and interactive visualizations methods, they are of great
potential, because of their strengths in "visual exploration, analysis, synthesis and especially processes to
interact, combine and exchange complex data sets and information".

Knowledge exchange between heterogeneous groups is often a critical point, because it is often a difficult
task to combine views and perspectives of different stakeholders involved in disaster risk management.
The visualization of data through maps can be extremely helpful, in order to illustrate risk relevant
information comprehensively and combine different attitudes of stakeholders, in order to provide the
possibility of mutual solution finding processes on different stages and various levels within the disaster
risk management cycle.

The GeoWebEX for instance, is an online system for supporting group collaborations on geographical
information. This includes maps and imageries, and the opportunity to capture and share local/domain
knowledge in real time (Butt, Mahmood, & Raza, 2018). Systems like this can initiate "reflection processes
among users, which in turn helps to efficiently and effectively communicate research results for improving
and supporting planning and decision-making (Pfeiffer et al., 2008)." Another example for knowledge
exchange in disaster risk management is a web-map provided by Asgary and Kari (2017), which reviews
disaster risk reduction projects around the world - to make knowledge exchange more accessible and the
communication flow easier.

Spatial knowledge is enhanced through communication via cartographic products (Abbot et al., 1998). The
effect of browsing, navigating and zooming within cartographic context supports the interactive
and intuitive comprehension of temporal and spatial aspects. Maps can support the discovery of
trends and interrelationships that otherwise might be overlooked or not appropriately acknowledged and
understood - as for example when presented in reports (Pfeiffer et al., 2008). On the other hand maps
enable, by their interactive character the communication of findings between different stakeholders and
thus initiate and foster learning processes between different groups. This bears the potential to identify
key aspects and problems more efficiently, than through different media (Siebert, 2005).

Aerial and satellite color images achieved by remote sensing have been proven to be especially successful
and useful in providing a clear overview for the identification of elements at risk and constitute therefore
a good basis for decision making (Svatonova & Kolejka, 2017). Insar based modeling approaches provide
very easily understandable maps addressed to decision-makers after post disaster events, especially
earthquakes (Béjar-Pizarro et al., 2018). Web geo-information systems can be, through their quick
response well applied to decision making support, due to their functions of spatial analysis and the
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capability to analyze high amounts of data (Bo, Xiaxin, Ping, & Yanru, 2009).

Map products in combination with web-geo-information systems and remote sensing have following
advantages in decision making processes and improvement of communication:

• They provide a useful way to reach city planners and policy makers

• They facilitate insights into different locally-constructed realities

• Maps function as a communication tool to provide results to the wider public and respective policy
makers

• Through their meaningful appearance they promoting participatory decision-making processes

• The interactive character of cartographic visualizations provides new opportunities to stimulate the
communication processes

• Cartography helps initiating reflection processes among users

• Maps can function as the transfer medium between local perceptions, coping and different adaptation
strategies

• Map visualizations allow to merging geo-spatial and socio-economic data

As mentioned before, disaster develop and change in the course of a period of time, and therefore always
include a temporal component. When up-to-date information is available to actors at all levels, the
opportunity of properly planning, managing and monitoring processes is given (R. Few, Ahern, Matthies,
& Kovats, 2004). Therefore the process and interaction between situational assessment and awareness
remains a constant factor during a disaster event. Cartography can essentially help to improve and
channel the flow of information needed, to help disaster management stakeholders to identify and assess
situations. The ability of cartography with the support of geo-information systems, of being able to
display and manipulate quickly geographically referenced data, is crucial for disaster risk management.
The fast updateable character of maps (especially interactive and web-based) immensely helps to
reflect changes in the situation and can be crucial for decision support processes in disaster risk
management.

Summarized cartographic visualizations of up-to-date (even real time), interactive and web based (available
for a vast range of stakeholders) information, hold an immense potential for decision making processes.
In the best case they function as a communication exchange platform of different views and perspectives
and foster mutual solution findings.

2.2.2 Modern Trends in Cartography - Dashboards

Dashboards - an Overview

Dashboard Definition

Since the term dashboard is very broad and appears in several contexts, a clear and consistent definition,
which covers all different kinds of dashboards, is hard to state. Originally, the term dashboard was derived
from car dashboards, allowing drivers to view and monitor the most important information and functions
of a car (Rininsland, Heydt, & Navarro Castillo, 2016).

Generally, dashboards can be viewed as a specific type of data visualization.They typically contain a
range of dynamic and interactive graphics, diagrams and maps to display information about performance,
structure, patterns and trends (Stehle & Kitchin, 2020). These types of graphics and maps include for
example: flow and choropleth maps, radial/polar plots, bar and stack charts, 3D Space cubes and many
more. The dashboards which are discussed and subject of this thesis can be defined as following: "A
dashboard is a visual display of the most important information needed to achieve one or more objectives,
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which is consolidated and arranged on a single screen so the information can be monitored at a glance
(S. Few, 2006)." S. Few (2017) also mentions that dashboards are a "a predominantly visual information
display that people use to rapidly monitor current conditions that require a timely response to fulfill a
specific role."

Main benefits of dashboards are their interactive and intuitive character, which greatly facilitates analysis
and exploration. Since dashboards integrate well designed graphs, charts, maps and optionally additional
information, they are a very efficient medium to communicate information and data intuitively and very
comprehensible. They are in general considered as very useful, because of their efficient character to com-
bine various data and information (from sometimes different sources) - making it easy to identify problems
and facilitate decision making (Rininsland et al., 2016). Main goals include "optimizing decision making,
enhancing operational efficiency, increasing data visibility, driving strategy and transparency, reducing
costs, and facilitating communication". Additionally, they provide at-a-glance reading, coordinated views,
tracking data and both private and shared awareness (Sarikaya, Correll, Bartram, Tory, & Fisher, 2018).
Dashboards are especially feasible to track changes "over time with respect to a defined geography". This
implies that they allow the user to track and compare data and information over time and space (Stehle &
Kitchin, 2020). This circumstance make dashboards ideal tools in combination cartography.

Dashboard Types and Use

By now, dashboards are in some form in use and present in almost every industry, non-profit and service
organizations and both public and private institutions. The use of a dashboard can be characterized by
its type, the audience and the domain it is used in. The use of dashboards can either be out of strategic,
analytical, operational, tactical or informational reasons. The strategic dimension may for example
emphasize trends. Analytical and tactical dashboards can be used for summarizing the performance
of processes and indicators. Operational dashboards contain often the function to display performance
metrics. The informational dimension of dashboards for instance can be used for communication and
learning purposes. This type of dashboard "exist to communicate or educate the reader, who may lack the
context surrounding the presented data" and raise awareness in the user (Sarikaya et al., 2018).

Sarikaya et al. (2018) state that the audience can be quantified into the four groups "public, social,
organizational and individual". A public dashboard is used for general consumption, a wide range of
people having access to it, whilst a organizational dashboards are reserved for the members within an
organizational construct. Individual dashboards are usually not shared, and only for private use, while
social dashboards are shared with individuals, who fit into the context.

Dashboards can be subdivided and characterized also by their level of interactivity. Sarikaya et al. (2018)
distinguishes "between three types of interactivity: tools may allow a user to design (or customize) the
dashboard; they may allow faceting of the data through data filters and slicers; and they may allow
modifying the state of the data and world based on the data presented within the dashboard."

Interactive and dynamic functions of dashboards are proposed by Goh et al. (2013) and include regularly:

• "Organize multiple windows"

• "Receive and show real time information"

• "Record analysis histories"

• "Filter out data to focus on relevant items"

• "Sort items to expose patterns"

• "Derive values of parameters from the database"

• "Select one or more parameters, and show statistical analysis result"

• "Add, delete, edit the selected data"
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• "Inquire the real-time location and condition information of the selected items"

• "Map the data according to various functions"

• "Show different icons according to different items (such as different risks)"

• "Share views and annotation to enable collaboration"

• "Guide users through analysis tasks"

• "Select items to highlight, manipulate, zoom in or zoom out"

• "Navigate to examine high level patterns and low level details"

Usually, dashboards contain not necessarily all of those elements. Nevertheless, it is significant that
almost all dashboards contain at least some of these elements. The number of these elements is depended
on the degree of interactivity.

Dashboards also support evaluation tasks, for example if goals and objectives are achieved. They are
very useful to reveal information efficiently, providing more time for strategic planning aspects. Since
dashboards are powerful visualization tools, they are able to create an impact and facilitate messaging
and communication in a very impressive and sustainable way. Through their clear way of providing an
overview over large and many data sets from different sources, they can ideally be used within the context
of big data, as they support certainty and confidence for their users (Rininsland et al., 2016).

The application in areas where dashboards are in use is, as indicated before, very broad. Main appli-
cation fields include Business Intelligence (BI), Education, Smart Cities, Social Organizations, Health
Management, Personal Visual Analytics, Disaster Risk Management, and the Insurance Sector.

Dashboard Design

Generally, most dashboards are designed for a single screen use. The aim is often to tailor the design
in a way that the ability to absorb and understand the displayed information and data is maximized as
efficiently as possible. The individual elements of a dashboard need to be designed and ordered in a way
that the users attention is channeled to the specific element and that they serve the individual purpose of
the dashboard. Attributes (visual variables) that are linked to the visual perception like color, form and
position, support the intended purpose and help channeling the users attention (Rininsland et al., 2016).
A visual hierarchy hereby supports the user in quickly locating the important aspects and information.
Therefore a pre-defined hierarchy, clear sections and a logical layout should provide a sensible flow within
the dashboard and supports the scalability and maintenance of the system (Yalcin, Elmqvist, & Bederson,
2018).

An important aspect is that during the design process the horizontal and vertical space ratio needs to be
considered. For example a dashboard designed for a desktop with a lot of horizontal space may not be
sufficient for a small mobile screen with rather a lot of vertical space. Generally, the single screen results
in a selection of only the most crucial and important information. To be of efficient use, this key aspect
needs to be regarded, because of the limited amount of space and the different ratios.

In designing a dashboard, the most difficult part can be to prevent the dashboard from being overloaded
and crowded with information, and consequently causing confusion. It may be difficult to find the balance
and channel and bundle a lot of information efficiently enough to provide good overviews and to enable
trend recognition and decision making. Responsive design during the implementation of graphs and
charts are therefore an integral part, aiming to reduce distraction and confusion of the user.

Tableau2 is a commercial software for creating dashboards. On the website, guidelines are provided
in how to efficiently design a dashboard (Tableau, 2020). Point 1.-3. constitutes thoughtful planning

2https://www.tableau.com/
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purposes, in order to develop an efficient design process and eliminate pitfalls. Point 4.-7. concerns the
actual design process of the dashboard and point 8.-10. outlines the refinement of the dashboard.

1. "Know your audience"

2. "Consider display size"

3. "Plan for fast load times"

4. "Leverage the sweet spot"

5. "Limit the number of views and colors"

6. "Add interactivity to encourage exploration"

7. "Format from largest to smallest"

8. "Leverage tooltips, the story within your story"

9. "Eliminate clutter"

10. "Test your dashboard for usability"

User focused design helps especially in the first and the last point of the general workflow within design
process. In the beginning effective visualization design is often coupled with the integration of user needs
and requirements (Roth, Ross, & MacEachren, 2015). On the other hand in the last steps of the design
process, the feedback of users is often crucial to identify gaps and to refine the product (McArdle &
Kitchin, 2016).

Dashboards for Disaster Risk Management

This section focuses on the specific use of dashboards in disaster risk management. It outlines their
purpose and key aspects within this field and finishes off with selected and concrete examples, in which
situations dashboards in disaster risk management are utilized.

Dashboards in disaster risk management are used for effective decision support during crisis situations
(Kantsepolsky & Mordecai, 2018). In this context they are especially useful for decision making in
disaster risk management, because they are able to display sensitive information about temporal and
spatial aspects very accurately (Saha, Shekhar, Sadhukhan, & Das, 2018). The visualization of risk
relevant data and information through dashboards constitutes an integral part in strategical, tactical and
operational management, (as mentioned in the Section Dashboards Types and Use) during the disaster
risk management cycle (Kantsepolsky & Mordecai, 2018). Geographic maps, graphs and charts in an
interactive environment help as an integrated approach immensely, to extract, view and integrate diverse
information (Saha et al., 2018).

Interpretation of large temporal and spatial data sets during phases within the disaster risk management
cycle by static maps, graphs and reports is limited. Dashboards contribute through their efficient way of
communication geo-spatial information from often different and diverse data sources to the creation of a
dynamic environment for exploration and analysis of trends, and also for the identification of weak points
(Saha et al., 2018). Dashboards can bridge hereby the gap between static maps, graphs and diagrams,
and on the other hand models that are detached and limited in control. They help in crisis situations to
quantify unexpected and unpredictable generated effects and provide a sound basis for being able to detect
them (Kantsepolsky & Mordecai, 2018).

By visualizing various decision support information dashboards have the ability to function as a "system
of a system". They combine and provide data from multiple sources and sensors to enhance information
streams in frequent intervals and deliver value in analytical tasks for decision makers in different sectors,
including control centers, rescue-, public- and crisis-response teams (Kantsepolsky & Mordecai, 2018).
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Figure 2.7: Robert Koch-Institute: COVID-19-dashboard. Retrieved from: Robert Koch-Institute (2020)

Dashboards aim to support decision making of emergency services and allow real time monitoring of
risks and various hazards (Horita et al., 2014). On the other hand they also support accessing the situation
by providing situational disaster data (sometimes real-time) to the general public, which is potentially
affected by the disaster. Much of real time data and crisis relevant data is not easy accessible and is often
dispersed across multiple platforms. Dashboards are able to provide the crucial intersection to access the
data reliably. Therefore dashboards may help strengthen the resilience by channeling data and providing
a platform, that helps communicating risk relevant data and makes it accessible. Especially, tactical
dashboards are useful for aggregation and accessibility of crisis information in real time for humans
impacted by a disaster. Furthermore, dashboards can even function as crowd sourcing data channels -
where those people benefit most by uploading and sharing content, which are most affected by a disaster.
Common features supported by dashboards in disaster risk management include built-in solutions for
crisis events, life event feeds and webcam display for situational overviews (Tilley & Pettit, 2019).

Dashboards within the Disaster Risk Management Cycle:

In the preparation and preparedness phase dashboards efficiently support analyzing, planning and the
evaluation of tasks (Janssen&Bharosa, 2010). Dashboards can efficiently bundle and visualize information
of for instance evacuation routes and safe areas and provide through interactivity calculations on shortest
routes. They also help to estimate, track and monitor the performance of rescue teams, fire departments,
agencies, organizations and other stakeholders by visualizing performance indicators, with the purpose
to provide overview and improvement of the performance, before an disaster event strikes (Janssen &
Bharosa, 2010). Dashboards assist communities in preparedness and they are able to provide estimations
on potential hazards through hazard indexes (Horita et al., 2014).

In the response phase dashboards have a huge effect on maximizing the efficiency and support the
management of actions during and directly after a disaster. Concretely, dashboards may support real
time mapping and map placed sharing, extend and enhance the situational awareness, improve the multi-
modal communication and contribute to monitoring safety progresses (Kantsepolsky & Mordecai, 2018).
Dashboards assist communities in the response phase by providing updated information about current
states of hazards trough images and hazard indexes (Horita et al., 2014).

As an example for the use of dashboards in the recovery phase, Zheng et al. (2010) provided a dashboard that
dynamically provides the individual interests of different stakeholders - with the aim to predict information
about recovery purposes that are most needed by the individual stakeholder within a community network.

31



The relevant information can be reviewed within the dashboard directly. A focus in this project is to foster
collaboration between different members of the community network, provide information exchange and
to improve the communication.

In prevention and mitigation dashboards help visualizing vulnerable zones and areas, analyze and identify
critical points and elements at risk. This has often a direct effect in even preventing the need of a rescue
of vulnerable elements, or at least considerably reduce the rescue time and to plan further mitigation
measures. Dashboards often also visualize the susceptibility and exposure to certain hazards with the
help of risk indexes (Saha et al., 2018).

It is generally difficult to state a general indication of the phase, in which dashboards are used most
intensively or are most valuable. Due to their flexible design, they can be used in a wide range of disaster
risk management applications and can be tailored and designed to meet the individual requirements of the
users. This is probably one of the main reasons, why dashboards are so popular at present - and especially
in disaster risk management.

Prominent dashboards in disaster risk management include the Robert Koch-Institute: COVID-19-
Dashboard displayed in Figure 2.7. The dashboard provides a detailed presentation of the transmitted
COVID-19 cases in Germany by county and state3.

3https://experience.arcgis.com/experience/478220a4c454480e823b17327b2bf1d4
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Chapter 3

Core User Identification, Data Description
and Study Area

3.1 Tianjin Disaster, China

Figure 3.1: Image of the Tianjin explosion depicting the explosion site including destroyed vehicles and
tossed containers. Retrieved from: The New York Times (2015)

3.1.1 Core User Identification

As mentioned in Chapter 1.1 Background, Motivation and Problem Statement the current state of
the art is that many companies, institutions and organizations working in disaster risk management are
working on the basis of reports and static maps.

The GAF AG is a medium-sized company in Munich, Germany. They offer geo-data, technology, solutions,
products as a comprehensive end-to-end service portfolio. Their projects include earth observation data,
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Figure 3.2: Overview over the study area Tianjin Port, Tianjin, China

geo-products, integrating space technologies into real world applications, including in disaster risk
management. Often these orders and projects in disaster risk management include the creation and
use of static maps for i.e. print purposes, as for example in their activities in Copernicus Emergency
Management Service. They constitute the executing force and produce and prepare the map data and the
maps themselves (GAF AG, 2020).

Within the scope of this thesis, GAF AG was contacted as a potential core user and they agreed to
become part of this master’s thesis and provide the data basis. It was discussed and elaborated that on the
basis of their provided data, the potential of dashboards can be investigated within the field of disaster
risk management through the development of a dashboard prototype. Researching and integrating new
cartographic visualization methods is also of interest for employees of GAF AG, in order to make for
example customer orders more innovative and to be "up-to-date". The concrete benefit for GAF AG within
this master’s thesis is provided through the introduction and implementation of innovative cartographic
tools such as dashboards, in order to bundle risk-relevant information more interactively and effectively,
to support decision-making in the event of a disaster and to potentially increase customer satisfaction
regarding their orders.

3.1.2 Data Description, Background and Study Area

The data basis that was made available is based on an order of Munich Re involving loss assessment
following the Tianjin Disaster 2015. The disaster was caused by an explosion in the port of Tianjin, one
of China’s largest ports and trading hubs.
On the August 08th, 2015, the illegal storage of toxic and highly explosive and flammable chemicals
(ammonium nitrate) caused a massive explosion. A total of 173 people died, at least 80 of whom were
firefighters, nearly 800 people were injured and 300 homes were destroyed (Mortimer, 2016). Apart from
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Figure 3.3: Map of the damage assessment conducted by GAF AG on behalf of the order by Munich RE.

this, the explosion caused insurance losses of around 1.5 billion Euro, as a large number of new cars and
containers were stored in the vicinity of the explosion (Deutsche Welle, 2015). The exact cause is still not
precisely determined.

Within the classification by impact, provided in Chapter 2.1.1, this disaster falls into the category "Sudden-
onset disaster", because the hazardous event (chemical explosion) emerged extremely quickly and
unexpected. It is an anthropegenic disaster, because of its human-induced origin. Additionally, the
mentioned risk drivers in this case are "poorly planned andmanaged urban and regional development,
globalized economic development and weak governance".

Munich Re had commissioned the order, in order to facilitate damage assessment after the disaster due to
the destroyed buildings, containers and cars and to gain an overview. This case can therefore be assigned
to the response category.

The concrete data basis is a static map, produced for the damage assessment by GAF AG as a PDF
(Figure 3.3) and the corresponding shapefiles. The shapefiles as vector data display different thematic
aspects of the explosion like affected cars, tossed containers, different destruction classes of buildings etc.
In addition, an orthophoto was supplied, taken on August 12th, 2015 and August 16th, 2015 from the
satellites SPOT-7 and Pleiades 1-B.
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Figure 3.4: Overview over the study area Costa da Caparica, Setúbal, Portugal

3.2 EMSN034: Coastal flood risk analysis for population and assets, Por-
tugal

3.2.1 Data Description, Background and Study Area

Before the actual construction of the prototype for the core user GAF AG, another data source was also
researched, which was able to serve for a pre-test to investigate the potential of dashboards over static
maps. The second data source was intended to test the benefits of dashboards, reached by creating a
high level of comparability between static maps and dashboards in the context of a potential analysis.
The data should make it possible to highlight the potential of interactivity (provided by dashboards and
interactive maps) in terms of improved effectiveness, efficiency, correctness of information and user
satisfaction within the area of disaster risk management. The static map and data of the core user GAF
AG was not considered suitable for this potential analysis, because the map itself was too complex and
contained too many information, therefore the high comparability between dashboard and static map
would not have been achievable.

As a second data source the EMS activation "EMSN034: Coastal flood risk analysis for population and
assets, Portugal" was selected from the risk and recovery service of the Copernicus Emergency Service.
This EMS activation was created for an area, the Costa da Caparica, Setúbal, Portugal, with a high
tsunami risk (Figure 3.4).

Besides the tsunami risk, this region reflects different vulnerability values for its elements at risk, which
are represented by vulnerability indicators (physical and socio-economic) in the course of this activation,
in order to get a comprehensive picture of the situation.
In the course of this activation spatial indexing as described in Chapter 2.2.1 Cartography in Mitigation
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Figure 3.5: Map of the EMS Activation EMSN034: Coastal flood risk analysis for population and
assets, Portugal. Map displays the socio-economic vulnerability on the Costa da Caparica. Retrieved
from: Indra Sistemas (2017)
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and Prevention was conducted - making this activation a prevention and mitigation case. Extensive
cartographic products, showing different vulnerabilities, risk assessment, recordings of evacuation routes
of Costa da Caparica were provided as static maps, with an additional report within the course of this
activation in the year 2017. Risk drivers related to this activation are "poverty and inequality", covered
and included within the socio-economic vulnerability index.

One single static map (out of 16 in total within this activation) was selected as a starting point, which
depicts the socio-economic vulnerability index of the Costa da Caparica. This index incorporates variables
like vulnerable age groups, similar as mentioned in the case study by Mendes et al. (2019), in Chapter
2.2.1. The map additionally includes supporting graphs and can be viewed in Figure 3.5. This example
was chosen, because it allowed well to transfer the static map into an interactive dashboard with a high
degree of similarity. Additionally the supporting graphs could also be easily transferred into a dashboard.
The data is available on the homepage of the EMS Risk and Recovery Activation1, as a geo-database. The
original data has the data format "OpenFileGDB".

3.2.2 Focus Group

The assembly of a focus group was necessary to evaluate the usability of dashboards and test their potential
over static maps. The actors involved in disaster risk management come from very different domains and
often have diverse backgrounds. Therefore, a group of students with a high degree of relevance to disaster
risk management and climate change was selected for the focus group tests.

In order to have a certain homogeneity for the comparability in this focus group, all participants (34 in
total) in this study were between 20-35 years old, originate from the "geo-area" or at least have a relation
to disaster risk management (e.g. a doctor working on the corona station during the crisis). Emphasis was
placed on testing the benefits of interactivity over static products, which was then transferred to disaster
risk management and dashboards.

1https://emergency.copernicus.eu/mapping/list-of-components/EMSN034
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Chapter 4

Methodology

This chapter outlines the comprehensive methodology of implementing a sophisticated dashboard proto-
type for disaster risk management purposes. The dashboard is created in collaboration with the core user
GAFAG, who normally uses mostly static maps for disaster risk management purposes. The methodology
is divided into four sections.

Prior to the actual dashboard prototype design and its construction (in collaboration with the core user
GAF AG), a requirements analysis was conducted, in the form of two qualitative expert interviews and
an additional interview with the core user GAF AG. Simultaneously, a relatively simple dashboard was
created for a comparison in order to investigate the strengths and differences of dashboards and static
maps for disaster risk management purposes in form of a potential analysis. The actual methodology for
the creation and design of the initial dashboard prototype for the core user GAF AG is described in the
section dashboard prototype. The final part of this chapter provides the methodology for conducting a
sector analysis in order to determine how the concept of the dashboard prototype is perceived in different
sectors in the field of disaster risk management.

A detailed flow chart visualizing the methodology and its coherences is displayed in Figure 4.1.

4.1 Requirements Analysis

The requirements analysis is divided into two parts. Firstly, specific user needs of a designated core user
within the disaster risk community were identified. The core user GAFAGwas questioned in a qualitative
interview about his needs, ideas and expectations in the sense of a "user-centered design". Based on this
identification and with the aid of the data provided, the development of the Tianjin Dashboard prototype
was carried out on the one side.
Additionally, the requirements analysis included on the other side the identification of more generic key
features that should be included in a dashboard which is supposed to be used for disaster risk management
purposes. These are provided by the external opinion of two experts. Interviewing experts was a
crucial aspect in this master’s thesis, as the experts have extensive and sound experience in disaster risk
management and developed and implemented dashboards and interactive visualization tools themselves.
Their technical expertise and rich experience were considered as a sound foundation for the creation of a
dashboard prototype in disaster risk management.

4.1.1 Core User Needs

Qualitative Interview

Following the agreement of the GAF AG employee to act as a core user, a qualitative interview was
conducted as part of the requirements analysis in order to identify user needs as the foundation of a

39



Figure 4.1: Individual conducted steps of the methodology visualized as a workflow-chart

"user-centered design" process. For this purpose, a catalog of questions was compiled, which intended
to guide the core user through the qualitative interview. In total, eight key questions were included.
Permission was granted to record the interview on video during the interview for subsequent transcription
and evaluation purposes.

The aim and purpose of the catalog of questions was to identify the particular requirements, ideas and
expectations of the core user GAF AG for a prototype-dashboard in disaster risk management and to
establish the general framework conditions. Particular attention was paid to the fact that the questions
were asked in a way that the user requirements were expressed in the form of significant core aspects.
Since the core user GAF AG is also an expert in the response area of disaster risk management, he was
also consulted about trends and challenges concerning cartography and disaster risk management. The
catalog of questions and provided answers (German) by the core user can be found in Appendix 1.
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4.1.2 Expert Interviews

Qualitative Interview

Due to their high level of expertise and profound experience in disaster risk management and dashboards,
two interviews with experts were conducted. The experts have both designed and implemented one
or more dashboards or interactive cartographic visualization tools for disaster risk purposes. They are
employed at Munich Re, an international reinsurance company with a focus on natural and anthropogenic
disasters, and at the Fraunhofer Institute, one of the biggest research centers in Germany.

Both interviewees were contacted, in order to elaborate key features regarding dashboards in disaster
risk management within this master’s thesis. The eight interview questions per interview with slight
distinctions were designed in the form of a guided question catalog, to provide both interview partners the
possibility to share their perspectives and estimates in form of key features for cartography, dashboards
and disaster risk management. Permission was granted to conduct audio recordings of the interviews for
subsequent transcription and analysis. The transcribed interviews are included in the Appendix 2 and 3.

Primarily, the focus was directed to general assessments and opinions about dashboards in disaster
risk management. The interview was intended to provide the opportunity to pinpoint key features of
disaster risk management dashboards, which would be relevant and generally valid. Nevertheless, the
questions were not intended to be asked too precisely, in order to leave enough scope for own ideas and
conceptions and to be able to meet the requirements of the core user GAF AG. In addition, the interview
was conducted, in order to obtain the experts’ assessment of future trends and challenges in disaster risk
management with regard to cartography and dashboards.

4.2 Potential Analysis

The potential analysis serves the purpose of highlighting the advantages of interactivity (provided by
dashboards in terms of efficiency, correctness of information, effectiveness and user satisfaction) in
the area of disaster risk management compared to static maps e.g. for print purposes. For this reason the
dashboard "EMSN034: Coastal flood risk analysis for population and assets, Portugal" (in the following
named EMS034 Dashboard - Portugal), which is based on the static map (Figure 3.5) of EMSN034-
activation, was created. Potential benefits of interactivity were tested through the comparison of the
original static map and the EMS034 Dashboard - Portugal, which provides the interactive features, with
the help of the participants of the focus group.

4.2.1 EMS034 Dashboard - Portugal

As the basis for the dashboard the example "EMSN034: Coastal flood risk analysis for population and
assets, Portugal" mentioned in the data description in Chapter 3.2 was selected . Given the high potential
for comparability, this example was considered to be sufficient, because the main static map and the
displayed graphics on the map could be efficiently transferred to an interactive web map. This web
map, in turn, could be subsequently transferred into an interactive dashboard with supporting graphs and
indicators.

Creation of Dashboard

The creation of the EMS034 Dashboard - Portugal is divided into four steps.

Firstly, the geo-database was downloaded and uploaded into QGIS1, a geo-information system (GIS).
QGIS is an open source software, that allows to create, edit, visualize, analyze and publish geospatial

1https://qgis.org/de/site/
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Figure 4.2: Dashboard of the EMS Activation EMSN034: Coastal flood risk analysis for population
and assets, Portugal. Dashboard displays the socio-economic vulnerability on the Costa da Caparica
with interactive features

information. In QGIS the required data was converted from the original format "OpenFileGDB" into
shapefiles, in order to enable subsequent processing of the data in ArcGis Pro2.

Secondly, these shapefiles were imported into ArcGIS Pro. ArcGis Pro is a single desktop geo-information
systems application from Esri and part of the Esri Geospatial Cloud. The software supports data visualiza-
tion, advanced analysis and management of reliable data in 2D and 3D. ArcGIS Pro is closely connected
to the ArcGIS platform, which supports data sharing in ArcGIS Online3 and ArcGIS Enterprise4 via
Web-GIS. In ArcGis Pro the attribute tables were pre-processed and the values were classified to match
and correspond to the 20 classes of the original static map. In addition, the field calculator was used, to
perform calculations and attributions for later visualization purposes. For classification purposes, the
exact color coding was identified using the hex color codes in the original static map and subsequently
applied to the shapefiles in ArcGIS Pro, in exactly the same way in order to achieve the highest degree of
comparability. Since the exact satellite image, used in the original map was not available, ESRI World
Image was used instead. The substitute is applicable, because the original print map has a correspondingly
small scale and therefore no high resolution satellite image was needed. Labels of city names and regions
were prepared in ArcGIS Pro, in a way that they would correspond largely to the original static map. The
aim in ArcGIS Pro was to ensure that the main map could be transferred as accurate as possible to a web
map. For the export as a web map the coordinate reference system was adapted from "WGS 1984 Zone 34
N" to "WGS 1984 Major Auxiliary Sphere geographic coordinate system". The map was then exported
from Arcgis Pro to ArcGis Online with the individual shapefile layers as a web map.

Thirdly, small changes were made in the "Map Viewer" in ArcGis Online. ArcGIS Online as part of the
Esri Geospatial Cloud is a cloud based software, that connects and displays data via interactive web maps.
In the "Map Viewer", the transparency of the underlying satellite image ESRI World Image was adjusted
to match the transparency of the original static map and pop-ups were configured. Eventually, the finer
details were executed for ensuring the comparability to the original static map.

The web map was then used in a fourth step as a foundation for ArcGis Dashboards. ArcGis Dashboards5

2https://www.esri.com/de-de/arcgis/products/arcgis-pro/overview
3https://www.esri.com/de-de/arcgis/products/arcgis-online/overview
4https://enterprise.arcgis.com/de/
5https://www.esri.com/de-de/arcgis/products/arcgis-dashboards/overview
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is a software application that allows interactive data visualizations on a single screen. Part of the ArcGIS
platform, ArcGis Dashboards is designed to support decisions-making, to visualize trends and monitor
for example status in real time.

Since and as stated in the literature review in Chapter 2.2.2 - Dashboards - and Overview, the term
dashboard is defined very broadly and very universal, the dashboards mentioned in the following sections
all have approximately the following characteristics: information is conveyed by presenting location-based
analytics, using intuitive and interactive data visualizations on a single screen. In addition, they can
include graphs and indicators to help bundle information, such charts, gauges, indicators, scales, lists,
details, and more integrated content as media and text. These additional elements may be interactively
connected with the main map and also interconnected for exploratory purposes. The dashboard elements
can be flexibly customized if desired and external content and other web apps can be flexibly integrated.
Dashboards can be grouped as "sub-dashboards" to achieve more levels of abstraction and can be made
freely available and published. The dashboards mentioned here refer exclusively to dashboards created
with the ArcGIS software.

The dashboard created for the potential analysis has a total of six elements, including the interactive web
map. Following interactive (main) functions were integrated: hovering, selecting, filtering, zooming
and panning. After the web map was integrated into the ArcGIS Dashbaord Builder the individual
socio-economic vulnerability indexes, two series diagrams, of the areas "Costa De Caparica" and "Costa
do Vapor", were created on the basis of the shapefile for the socio-economic vulnerability index, in the
same way they are present in the original static map. Selecting was enabled during the creation process.
In addition, the information hovering function has been added, so that the user can see the relevant
information interactively. Furthermore, the individual bars of the graphs can be enlarged or reduced as
required. Moreover, the classification was visualized as a series diagram "Histogram Graph" by count,
based on the original data of the socio-economic vulnerability index, designed after the presentation of the
graph in the original static map. The function filtering was enabled, so that the number of visualized area
units in the map would adapt to the selection of a class. Additionally, two further interactive indicators
were created. One of them supports the visualized "Area Parcels" and shows the exact number visible
on the map, depending on the filtering of the "Histogram Graph". Another indicator shows the exact
vulnerability index, depending on the selection of the main map.

During the creation of the EMS034 Dashboard - Portugal, it was ensured that the dashboard could be
adequately displayed on a 13 inch screen. After the creation the EMS034 Dashboard - Portugal was
published as "public" and can be viewed in Figure 4.26.

4.2.2 Focus Group Test I

After the creation of the EMS034 Dashboard - Portugal, the original static map was downloaded in the
highest quality for the focus group test I. For testing the benefits of interactivity provided by dashboards and
static maps, the focus group described in Chapter 3.2.2 was divided into two subgroups à 17 participants.
The first focus group solved the tasks with the EMS034 Dashboard - Portugal (and tested therefore
the interactive functions) and the second focus group had to solve the tasks with the original static map
(Figure 3.5).

The user test questions were set up in a way to evaluate the efficiency, correctness (of the answers provided
by the participants), perceived effectiveness and user satisfaction by using the medium "static map"
and "dashboard". The purpose of the test questions was to determine whether interactivity (provided
by the dashboard), through functions such as hovering, selecting, filtering, zooming, would have an
impact on the efficiency, effectiveness, user satisfaction and correctness of the given answers by the
participants. The intended determination was to identify, how the results would be influenced by the
medium and how they differ, when compared. The reason for testing efficiency, effectiveness, user

6https://tu-muenchen.maps.arcgis.com/apps/opsdashboard/index.html#/41d65b634f4c40c7a1172ac5212daa3c
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Figure 4.3: The reference map of the Tianjin harbor within the Tianjin Dashboard

satisfaction and correctness of information is, because they have a significant impact on decision making
and communication flow in disaster risk management and conclusions on the usability of the tested medium
in disaster risk management could be drawn. The test was divided into an objective and a subjective part
(Kinkeldey, MacEachren, & Schiewe, 2014). Tasks in the objective part included mainly where and what
questions and tested for efficiency and correctness of the answers of both tested media "static map" and
"dashboard" (Roth et al., 2015). Focus in the subjective part is given on the perception of effectiveness
and user satisfaction of the participants related to the used medium (Kinkeldey, MacEachren, Riveiro,
& Schiewe, 2017).

Regarding the structure of the initial test, firstly a short introduction into the topic in both focus groups was
provided and additionally for the dashboard first focus group, a short introduction to the basic functions
of the dashboard was provided. The participants, then would have a short period to acquaint themselves
briefly with the topic.
The whole test was designed to take ten minutes. The answers of the participants were marked on the
enclosed questionnaire and an adjacent map. Both test versions for the first focus group and the second
focus group can be found in Appendix 4 and 5.

4.3 Dashboard Prototype

4.3.1 Tianjin Dashboard

The general aim of the prototype dashboard was to explore the potential added value and usability of
dashboards in disaster risk management through their interactive nature as an alternative to conventional
methods like static maps and reports. In addition, the aimwas to determine whether companies, institutions
and organizations involved in disaster risk management are motivated to integrate the use of dashboards
into their daily business.

The general conception of the Tianjin Dashboard as a prototype, was based on the answers of the
qualitative interview of core user GAF AG. In addition, it was aimed, to incorporate the key features of
the requirements analysis (see Section 4.1.2) in the most appropriate manner into the design process of
the dashboard.
The actual conception of the Tianjin Dashboard prototype is highly similar to the one of the EMS034
Dashboard - Portugal. However, since the Tianjin Dashboard is based on a larger and more complex
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Figure 4.4: Affected vehicles by the Tianjin explosion within the Tianjin Dashboard

data base, theTianjin Dashboard is muchmore sophisticated and advanced in its functions and explorabil-
ity. Additionally, the production of the dashboard was much more time consuming and challenging.

In terms of design, the dashboard was kept minimalist and simple, and the choice of colors reflects the
respective themes and was kept consistent. The design guidelines from Tableau (2020), listed in Chapter
2.2.2 Dashboard Design, were aimed to be applied. The structure and design of the dashboard was first
sketched on paper in several attempts. At this point, the thematic structure was already established, since
the shapefiles of the data foundation included numerous different subjects related to the Tianjin explosion.
Relatively at the beginning, some tests with parts of the dashboard were carried out, in order to test the
design aspects and to get to know the functions of the software. In the process, various design ideas were
established and then rejected again.

The individual steps for the subsequent technical creation of the dashboard is described below and is
divided into four steps.

Firstly, the shapefiles of the data basis were fully imported into an ArcGis Pro project. Since, the data
basis of the shapefiles would have been too complex to be implemented into a single dashboard, the
division into thematically different maps was already conducted in ArcGIS Pro, which subsequently could
be integrated into different "sub-dashboards" at a later stage. The created maps distinguish themselves in
the thematic content they represent. A reference map was created, one that shows the vehicles on parking
lots, which were affected by the explosion, one that deals thematically with the tossed containers and one
that shows a different damage grading of the affected buildings. The purpose of the thematic structuring
in the preliminary stage, is to allow and provide different levels of abstraction, implemented later in the
process of creating the dashboard itself.
A large part of the work in ArcGIS Pro is focused on the pre-processing and data formatting processes,
of the attribute tables of the original shapefiles, in order to be able to display them adequately in the
dashboard software at a later stage. In addition, the shapefiles were symbolized and labels were placed
on the maps in ArcGIS Pro. For the export as web map, the coordinate system was changed to "WGS
1984 Major Auxiliary Sphere geographic coordinate system" as it was the case for EMS034 Dashboard -
Portugal. One individual map after another, was exported as a web map to ArcGIS Online and published,
so that in ArcGIS Online four web maps would exist for the different topics of the Tianjin explosion.

Secondly, a basemap was created using the Mapbox7 software and released as WMTS via the API. Mapbox
7https://www.mapbox.com/
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Figure 4.5: Affected container by the Tianjin explosion within the Tianjin Dashboard

is an open source mapping platform for custom designed maps. The APIs and SDKs are the building
blocks to integrate location into any mobile or web app. Mapbox was used because it offers a lot of
freedom in designing web maps and is an alternative to the provided basemaps by ESRI.

Thirdly, since the design always changes slightly during the export to ArcGIS online, small changes within
the maps were adapted in the Map Viewer and the pop-ups were configured. The WMTS layer, of the
custom created basemap, was then added to the individual web maps. After the layout was refined, the
individual maps were finally configured for the transfer into the ArcGis Dashboard software.

The following fourth step involved the integration of the individual maps in succession as "sub-dashboards"
using the ArcGIS Dashboard software (Figure 4.3, Figure 4.4, Figure 4.5 and Figure 4.6). Each individual
dashboard is accessible via a tab and the display changes then accordingly. These abstraction levels were
created to provide a better overview of the overall situation, by dividing the sub-dashboards logically
according to the individual thematic topics. The step, to differentiate the maps into their respective themes
such as affected vehicles, has been implemented in order to provide more exploratory scope and create
more space for supporting graphs and indicators. The main web maps have been enriched by supporting
elements (e.g. pie charts, series graphs, partially embedded media and indicators), which are mainly based
on the map’s data source. They provide additional exploration possibilities and highlight underlying
topics, which would be otherwise missed. Because they are mostly based on the data source of the map,
they are linked interactively to the web map. They are adaptable accordingly to the user needs, to increase
the intuitiveness and comprehension of each topic item and to create a deeper comprehension level.
As mentioned above in the design process, the layout of the individual graphs and charts have been
technically adapted, to mirror the colors of the main map. The intention was to avoid confusion of the
user and to increase intuitive comprehension.
In general, different interactive functions are represented and implemented into the dashboard, in order
to create a high degree of interactivity and intuitiveness. This is achieved, for example by hovering,
filtering, zooming and panning, selecting individual elements, pop-ups, automatic adjustment of
information displayed in the elements, reducing and enlarging information as desired, flexible ar-
ranging and grouping of elements, selecting and deselecting layers and many more. The Tianjin
Dashboard includes two of the three types of interactivity mentioned in the Sarikaya et al. (2018) case
study (Chapter 2.2.2). It enables the user to customize the dashboard and allows for faceting of the
data through data filters and slicers. The fully exploreable Tianjin Dashboard containing the four
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Figure 4.6: Affected buildings by the Tianjin explosion within the Tianjin Dashboard

sub-dashboards (Figure 4.3, Figure 4.4, Figure 4.5 and Figure 4.6) can be accessed online8.

ArcGIS WebApp Builder

As an additional feature, for an even higher level of exploration, a fifth step was implemented, by the
creation of a web app with the ArcGIS Web App Builder9, based on the supplied orthophoto (Figure
4.7). ArcGIS Web App Builder is an intuitive application for creating 2D and 3D web apps. It includes
powerful tools for configuring full-featured HTML apps. Added maps and tools can be displayed and
used immediately in the app. ArcGIS Web Applications offer many highly exploratory features, such
as comparison sliders, which allow you to display a section of one or more layers on the map. These
are functions that are not available in ArcGIS Online or ArcGIS Dashboards itself, but could be easily
integrated into the created Tianjin Dashboard.

In a response case like the Tianjin explosion, such functions as comparing and measuring distances and
areas, integrated in a web app can be immense help for assessing the situation. For instance, they enable
a high intuitive comparability between satellite images and corresponding graded layers and this can
have a significant influence on the correct assessment of the situation. For the actual implementation, the
orthophoto was integrated into the Web App Builder including the shapefile layers of the Tianjin disaster
and various functions, such as measuring area and distance and the above mentioned sliders were added
to achieve improved comparability. The web app was launched and implemented as an additional tab in
the Tianjin Dashboard.

The web app was explicitly not implemented as a dashboard. ArcGIS Dashboards offer the possibility to
efficiently integrate the additional functions provided by the Web App Builder into an application. In the
end the web app was only integrated for the purpose of achieving a even higher degree of exploration of
the data and to provide the possibility, if required by the core user GAF AG.

4.3.2 Focus Group Test II

Another survey was conducted with the same focus group mentioned previously in Section 3.2.2. This time
all 34 participants were asked for their assessment, and were not divided into two groups, as previously in

8https://tu-muenchen.maps.arcgis.com/apps/opsdashboard/index.html#/b67945389976438e9349ae27f7e953ec
9https://doc.arcgis.com/de/web-appbuilder/
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Figure 4.7: Web application created for further exploration purposes on the base of the Pleiades-1B
satellite image

the scope of the potential analysis.

The participants of the survey helped to verify and reconcile the key features that have been identified
in the requirements analysis in Section 4.1.2, without being aware of them. The aim was to evaluate,
whether the created Tianjin Dashboard prototype is compatible with the common key features, which
were considered as important by the experts.

Before the initial survey was performed, a small tutorial was conducted with the 34 participants, in order
to introduce them to the Tianjin Dashboard subject (Appendix 6).

Subsequently to the tutorial, the survey was executed. For this survey a questionnaire with ten statements
was created, which could be evaluated by the participants. This questionnaire can be found in Appendix 7.
This survey was intended to be completed in 15 minutes by the participants.

4.3.3 Qualitative Feedback

Feedback was obtained from the core user GAF AG in the form of a feedback questionnaire. This
questionnaire with the resulting answers of the employee can be viewed in Appendix 8.

Satisfaction and added benefit of the created Tianjin Dashboard was reviewed, as well as whether the
core user GAF AG would consider using dashboards permanently and increasingly for disaster risk
management purposes.

For this purpose, the questionnaire with eight questions was created based on the previously identified
core aspects, where the assessment and evaluation could be provided as bullet points. This questionnaire
was handed over to the potential core user GAF AG for completion and was subsequently evaluated.

4.4 Sector Analysis

4.4.1 Online Survey

An online survey was conducted, in order to test, if the concept of a dashboard is applicable and scalable
to other potential user groups and stakeholder, working in the field of disaster risk management, but in
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different sectors. This survey was also conducted to identify if differences between different sectors for
the application of a dashboard exist.

The survey contained six questions and was created online using the SoSci Survey10 - a professional
online survey tool. After the creation the online survey was released for public completion. Potential risk
managers were targeted, contacted and asked to complete the survey. The questions of the survey can be
reviewed in Appendix 9.

10https://www.soscisurvey.de/
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Chapter 5

Results

5.1 Requirements Analysis

The requirements analysis is divided into two parts. Firstly, specific user needs of a designated core
user within the disaster risk community (core user GAF AG) are identified. Based on identification of
these core aspects and with the aid of the data provided, the development of the Tianjin Dashboard
prototype is carried out on the one side. Additionally, the requirements analysis includes on the other side
the identification of more generic key features that should be included in a dashboard that will be used
for disaster risk management purposes. These are provided by the external opinion of two experts, who
have longstanding experience in the field and have designed and implemented dashboards themselves.
These key features are also incorporated into the conception of the dashboard as part of the requirements
analysis.

5.1.1 Core User Needs

An essential aspect was the inclusion of GAF AG as a potential core user for the Tianjin Dashboard
prototype from the early beginning of development. The GAF AG is a company with long-term experience
in disaster risk management and has produced innumerable cartographic products.

After the core user GAF AG had approved the use of the data collected in 2015 for the creation of a
static map of the Tianjin explosion, it was therefore reasonable to conduct a qualitative interview. The
requirements and needs of the core user GAF AG were to be identified as core aspects in the sense of
"user-centered design", for the dashboard development within the course of the interview.

The following core aspects were identified after the evaluation of the interview.

Core aspects:

• Fast and intuitive data and information capture provided by the medium dashboard

• Appropriate interconnection and efficient consolidation of information and data through interactive
maps, graphs and indicators

• Profound and clear comprehensibility of the additional information content provided by the graphs
and indicators

• Meaningful visualization of information providing, at best, support in the decision making process
in the case of a catastrophic event

• Exploratory data analysis with the incorporation of the user of the dashboard
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• Increase of potential client satisfaction through dashboards as a potentially presentation medium
for business orders

• Appealing design and visualization of data in the interactive maps and graphs included in the
dashboard

• Provided benefit compared to currently products such as static maps in disaster risk management

5.1.2 Expert Interviews

In order to get an idea of the requirements for dashboards used for disaster risk management purposes,
two expert interviews were conducted as a qualitative study. The interviewed persons work in the field of
disaster risk management in the Munich RE Group and the Fraunhofer Institute.

The interviewed experts have created either one or more dashboards in the field of disaster risk management
themselves. They worked on them and implemented their ideas and requirements. The interviews were
conducted in order to determine a number of key features they consider as important related to dashboards
in disaster risk management. The key features would then be considered during the design and conception
process of the dashboard prototype. The results of these key features are highlighted below and some
additional generic aspects concerning design and structure of dashboards in disaster risk management are
summarized in the subsequent section.

Key Features

In addition to identifying the user needs of core userGAFAG, the intention here was to obtain independent
and external opinions which would additionally guide the design and conception process of the dashboard
prototype. The experts’ expertise was intended to ensure that the final result of the dashboard prototype is
most coherent and applicable for disaster risk management purposes. Moreover, it was considered that
only common key features were being asked for, since dashboards are very dependent on their actual
purpose. Furthermore, this approach helped to avoid conflicts with the expectations and needs of core
user GAF AG and allowed space for the implementation of own conceptions. Nevertheless, the generally
valid and relevant aspects were intended to be determined. The results of the key features, which were
identified in the course of these interviews are outlined below.

Key features:

1. Little effort in the use

2. High intuition

3. Efficient bundling of information

4. Exploring the complexity of the database

5. No overloading of information

6. Enabling the identification of trends, correlations and coherences

7. Central arrangement of the maps

8. Graphs and indicators to support comprehension of topic

9. Easy to use, regardless of expertise and knowledge of topic

10. Fun to operate
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General Aspects about Planning, Design and Structure of a Dashboard in Disaster Risk Manage-
ment

This section shortly outlines rather general aspects noted by the experts, which partly were considered
during the construction process of the dashboard prototype.

Firstly, it must be considered (if taken very strictly) that the design and construction of the dashboard may
be very depended on the exact purpose and adjustments may vary from case to case. Nevertheless, it is
possible to identify some general considerations and aspects, which are relevant and generally applicable
to dashboards, especially in disaster risk management.

The employee of Munich RE (personal interview, May 25th, 2020, Appendix 2) noted that during the
planning stage of a dashboard, a planning-intensive approach to conceptualize the dashboard is a basic
requirement for a successful prototype, especially in disaster risk management. Many discrepancies,
inconsistencies and errors can be avoided by a high degree of planning. This aspect plays a significant role
in the field of disaster risk management, where sensitive issues, fast decision-making and the cooperation
different stakeholders is often part of the agenda. Errors can be particularly severe, as dashboards are often
intended to provide an all-encompassing and complex view, and are intended to facilitate an error-free
process for presenting, visualizing, and analyzing sensitive and risk-related data.

The employee of the Fraunhofer Institute (personal interview, May 26th, 2020, Appendix 3) explained that
for the concrete structure of a dashboard, coherent graphic design of the displayed elements constitutes an
integral aspect. The structure and arrangement of maps, graphics and other elements depends mainly on
the purpose of the dashboard and the importance of the displayed information. In addition, the structure
of a dashboard must be coherent and a common thread should exist. The purpose may change over time
during a disaster, for example when the progression of a disaster evolves over time. For this reason,
attention should be paid to flexibility in the structure. This can include, for example, integrating an active
changing of the views of different kinds of data for improved usability, at an early stage or the provision of
different levels of abstraction, in order to preserve a high flexibility. Lastly, the structure of the dashboard
should enable the establishment of a visual hierarchy that can reflect the importance of the information
(Employee Munich RE, personal interview, May 25th, 2020, Appendix 2). Similarly and independently,
the employee of the Fraunhofer Institute (personal interview, May 26th, 2020, Appendix 3), stated that
a visual hierarchy and a logical structure is crucial and should be considered during the construction
process. An intuitive framework is of particular importance, in terms of that people who are technically
less inclined (compared to experts in the field of cartography and GIS) or who come from different fields
and sectors can also get on well with the operation. This also ensures that the information retrieval process
runs smoothly.

For the concrete design of a dashboard in disaster risk management, the choice of color plays a crucial
role, as colors are often polarizing. For example, the color red symbolizes danger. This connection is
also important in relation to potential sources of confusion. Therefore, the design and the choice of
color plays a major role for assessing disaster situations and needs to be considered during the dashboard
design (Employee Munich RE, personal interview, May 25th, 2020, Appendix 2). The employee of the
Fraunhofer Institute (personal interview, May 26th, 2020, Appendix 3) stated that it was important to him
that the colors "catch the eye" in his dashboards and thus contribute optimally to the comprehension of
the context and the situational awareness. For the concrete design, he believes there is a wide range of
possibilities to visualize the data in different colors, but it needs to be ensured that the overall concept is
coherent and harmonizes with the actual intention of the dashboard.

According to the often contained cartographic elements in dashboards in disaster risk management, both
experts agreed independently from each other that generally spoken, the main map should supposed to be
the focusing element, because it attracts the attention of the user. The Employee of Munich RE (personal
interview, May 25th, 2020, Appendix 2) stated that in her opinion, the element map within the dashboard
is extremely important and should due to its high expressiveness be arranged centrally. She also notes
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Figure 5.1: Results of task one and two of the focus group test I within the scope of the potential analysis

that it is often helpful, when the map is reduced in information in order to avoid confusion. The space
around the map is, in her opinion, well suited to provide additional information, figures and statistics. An
interactive and large map in a dashboard is especially helpful for decision making, because of its intuitive
way to provide the information.

Finally, the employee of the Fraunhofer Institute (personal interview, May 26th, 2020, Appendix 3) sums
up relevant aspects concerning design and structure of dashboards very well: "In the conception and
design process, it is important to prepare data and information graphically in a way that is suitable for
the target group so that process sequences and changes in the situation can be summarized clearly and
comprehensibly at a glance." The design and structure of a dashboard should be tailored to minimize
the effort required from the user. Nevertheless, it should be ensured that the complexity of the data
basis is fully exploited. It is a balancing act in planning to design the dashboard to be intuitive and
self-explanatory, while still ensuring that the full complexity of data exploitation is maintained.

5.2 Potential Analysis

In order to investigate the applicability of dashboards for vulnerability and risk assessment in comparison
to conventional methods, a potential analysis was carried out through a direct comparison. This potential
analysis was divided into an objective part and a subjective part.

Dashboards and static maps are difficult to compare due to their individual complexity as a medium. Rather,
it was therefore only examinedwhether the interactivity provided by the dashboards has a concrete influence
on the correctness and efficiency (objective part) on the results. In more detail, it was attempted to
quantify the influence of various interactive functions such as selecting, zooming, filtering, and hovering
on the results. The influence of perceived effectiveness and user satisfaction was examined within the
subjective part.

5.2.1 Focus Group Test I

Objective Part

The objective part of the focus group test was performed to evaluate correctness and efficiency based
on the answers of the provided medium. The first focus group was assigned the dashboard containing
interactive functions, while the second focus group was assigned the static map (Section 4.2.2).
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Figure 5.2: Fields x and y, which were mentioned in task one and two

The first two test questions asked for the value of the vulnerability index of a parcel within the map. It
was sufficient to state the correct class in order to solve the task successfully.

Figure 5.1 illustrates the results of these two questions. In task one "What is the Vulnerability Index of
Field x", it was tested if the function selecting would have an influence on the result. Findings clearly show
that all participants of the dashboard group (first focus group), where selecting the field was enabled,
were able to solve the task correctly (success rate: 100%) by specifying the correct class and value of the
vulnerability index.
In contrast, only two participants out of 17 in the second focus group could state the correct class (success
rate: 12%). On average, the dashboard group was approximately 50 seconds faster, which is roughly seven
times faster than the second focus group.

A similar result was attained for task two "What is the Vulnerability Index of Field y" also depicted in
Figure 5.1. In this case, the vulnerability index of a slightly smaller field was questioned, requiring the
combination of the function selecting and zooming if the participant was part of the first focus group.
Since the static map was available as an PDF, it was also possible to zoom. Fields "x and y" can be viewed
in Figure 5.2.

Similar to the first task, the dashboard group performed better. All participants of the first focus group
were able to provide the correct value and class (success rate: 100%), while the results of the second
focus group were worse compared to the preceding task. Only one person out of 17 could indicate the
correct class (success rate: 6%). On average, the dashboard group was 48 seconds faster, in other words
around four times faster than the second focus group, operating with the static map.

Task three "Where on the map is the Vulnerability Index the highest? Please mark/circle the areas with
the two highest classes on the adjacent map.", involved testing for the function filtering. There was
no correct solution of the task in that sense, because this task would have been too challenging for the
group operating with the static map. This task focused on the accuracy of how the areas were mapped as
the marked solutions. While in the second focus group, working with the static map, areas were only
roughly and sometimes even incorrectly sketched, the task was solved considerably more precisely by
the dashboard participants. The participants of the static map needed 71 seconds on average, while the
participants of the first focus group completed the task on average in 118 seconds. The dashboard group
therefore took 47 seconds longer to complete this task, than the group working with the static map.
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Figure 5.3: Results of task four of the focus group test I within the scope of the potential analysis

Task four "In the Histogram Graph, which class of the Vulnerability Index Classification is represented
most in the parcels? How many parcels approximately?" (Figure 5.3) also tested for the function filtering.
By analyzing the histogram graph, the participants were asked to estimate which class is most represented
in the classification, and how many parcels are represented in the map by this class. The classification in
the dashboard could be filtered by class - the interactive map would then change accordingly, displaying
only the parcels of the filtered class. An indicator would additionally count the visible parcels on the map,
when a class is filtered.
The participants of the static map group had to estimate the correct value using the graph included in the
static map. 17 out of 17 participants in the dashboard group were able to indicate the correct solution,
hence correct class and correct number of parcels within this class. In the static map group, 14 out of
17 could indicate the correct class. However, only one participant was able to solve the task entirely
correctly, including specifying the correct number of parcels. The second focus group needed on average
96 seconds to solve the task, the first focus group needed 12 seconds. This results in an eight times faster
performance by the dashboard group.

The last two questions (task five "In graph Cova do Vapor: What is the value of % of population with no
employment?" and task six "In graph Costa da Caparica: What is the value of % of population can not
read or write?") in the objective test section included the effects of the function hovering with regard to
the results. In the dashboard, the function hovering was enabled, while the second focus group had to
estimate the result by analyzing the two graphs included in the static map. The results can be viewed in
Figure 5.4.

The duration of these two tasks did not differ as much as in previous tasks, although the dashboard
group was slightly faster (seven seconds in task five and six seconds in task six). However again, the
dashboard group performed significantly better in terms of the correctness, of the provided solutions in
these two tasks. In task five and six the dashboard group achieved a success rate of 100%. Meanwhile, the
participants of the second focus group achieved a 6% success rate in task five (with one correct answer
in total). In task six approximately 30% of participants scored exactly the right solution with five correct
answers out of 17.
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Figure 5.4: Results of task five and six of the focus group test I within the scope of the potential analysis

Subjective Part

The subjective part rather had the purpose to investigate how the participants assessed the effectiveness
of the medium and the degree of user satisfaction linked to the used medium and how the medium
was generally perceived throughout the objective test part (positive, neutral or negative). A general aim
was hereby to examine if people would like to operate with the specific medium within the disaster risk
management context.

In order to assess the individual opinions, all participants of the first focus group and the second focus
group had the opportunity to provide a rating in the course of an evaluation of statements and, if desired,
to leave a comment to provide further explanations for their reasons.

Results of the statement evaluations can be viewed in Figure 5.5, comparing the different opinions of the
static map group and the dashboard group to the individual statements. It is noticeable that all statement
evaluations of the first focus group, who operated the dashboard are relatively uniform, thus perceived
the medium similarly during the interaction. The opinions expressed by the second focus group, who
worked with the static map, are much more heterogeneous. Some reasons for this aspect are provided in
the discussion section.

In the evaluation of statement one "I could solve the tasks easily" all participants of the dashboard group
agreed or even completely agreed with the statement. In the static group, opinions were much more
mixed for various reasons, but more than half of the participants working with the static map either did
not agree or did not agree at all.

To the statement two "I had fun solving the tasks" 16 out of 17 participants in the dashboard group were in
agreement, or even completely agreed by a majority. The group that operated with the static map also
had fun solving the tasks. However, a significant aspect is that approximately one third of the participants
stated that they had a neutral opinion, therefore the solving of the tasks was not perceived as positively
as compared to the dashboard group.

Regarding statement three "I find the medium intuitive", the majority of the dashboard group voted to agree
completely, and the remainder agreed with the statement, implying that the medium was perceived as
intuitive. In the group that used the medium static map to solve the tasks, a majority of the participants
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Figure 5.5: Results of statement evaluation of the focus group test I within the scope of the potential
analysis

did not find the medium intuitive, but a significant proportion (five out of 17) nevertheless considered it to
be intuitive. The opinion was therefore distributed very unevenly between the participants. Reasons for
this aspect are explained in the discussion.

Likewise to statement three, in statement four "I find the medium explorative", the majority of the dashboard
group agreed with the statement and perceived dashboards as explorative, however not as strongly as it
was perceived as intuitive. As for the medium static map, all possible opinion ratings are represented in
the evaluation spectrum, indicating a very diverse perception of the medium. Approximately one half of
the participants found it little or not at all explorative, a solid third expressed a neutral opinion and the
remainder either agreed or completely agreed.

5.3 Dashboard Prototype

5.3.1 Focus Group Test II

The aim of the focus group test using the medium Tianjin Dashboard was to cross-check the key features
identified through the expert interviews within the requirements analysis and to determine if they applied
to the dashboard prototype.
The 34 participants (the complete focus group in this case) of the test were not familiar with the key
features or the interviews and were asked again, similar to the subjective part, to submit an opinion
evaluation on ten statements (in which the key features were evaluated).

As a general observation regarding the evaluation of the ten statements, it is possible to observe that the
Tianjin Dashboard has been perceived as very positive. The 34 participants who completed the survey
in the course of the focus group test II generally expressed the feedback that they enjoyed working with
the medium in the context of disaster risk management. The overall results can be found as a collection of
the visualized statement evaluation in Figure 5.6.

In general, the statements "I find the central placement of the map helpful", "The graphs and indicators
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Figure 5.6: Results of statement evaluation of the focus group test II within the scope of dashboard
prototype conception
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help me to understand the topic better" and "Although I am not familiar with the subject matter, I can
easily operate the dashboard" received the most approval or were rated most positively. In these cases the
majority of the 34 participants agreed completely and the proportionally small remainder agreed.

Similar observations can be recognized in the statements "I consider the intuition of the dashboard as high"
and "I think the dashboard bundles the information efficiently". These statements are not as extremely
positive affirmed as the statements mentioned beforehand. There exists an approximately equal share
of agreement and complete agreement in these statements, which constitutes the overall rating of the
statements also very positive.

Also the statements "The effort while using the dashboard was little", "I can explore the complexity
of the database well by using the dashboard" and "I had fun operating the dashboard" were rated as
overall positive and no participant disagreed with these statements. A small percentage of the participants
expressed a neutral opinion regarding the statements.

The most diverse opinions resulted in the statements "I do not feel overloaded by the information" and
"I can see correlations and coherence between the information by using the dashboard". The majority
of the participants agreed or completely agreed with the statements, but some participants also felt
overwhelmed by the volume of information or were not able to detect correlations or connections as well.

5.3.2 Qualitative Feedback

For the purpose of completeness within the user-centered design process, qualitative feedback was
requested from core user GAF AG, subsequent to the construction of the dashboard prototype and the
cross-validation of the key features. The prototype was demonstrated internally within the company and a
qualitative feedback survey was subsequently submitted. The qualitative feedback with the answers of the
core user GAF AG can be reviewed in the Appendix 8 (German version only).

Within the feedback survey, reference was made to the core aspects identified in the requirements analysis
which according to the core user GAF AG were relevant and an assessment of the validness of the core
aspects with regard to the Tianjin Dashboard was asked for.

In general the prototype was very well received, similar to the cross validation of the key features. The
following section contains a summary of the qualitative feedback from the core user GAF AG.

Core user GAF AG pointed out that "due to the different layers and their attributes the capture of the
information and data was very easy". A fast and intuitive comprehension of the data is therefore given.
Moreover, he argued that "information and data are suitably linked and efficiently bundled" through the
Tianjin Dashboard prototype. In response to the question whether the additional information content of
the graphs and indicators helps understanding the topic of the Tianjin explosion well and in detail, he
replied "the information was presented in an easily understandable way and was sufficiently detailed".

It was also asked whether the Tianjin Dashboard could support decision making in the event of a disaster.
The feedback given on this question was "since the focus can be placed on damaged and destroyed objects,
the presentation can contribute to decision making". Furthermore, core user GAF AG stated that "due
to the large amount of information displayed, the user can be directed towards the topic and gain a
comprehensibility on a deep level", meaning he believes that the user operating the dashboard is involved
and can examine the data exploratively.

Regarding the question of whether dashboards could increase customer satisfaction, the core user GAF
AG noted that "for a large number of customers, the descriptive presentation of data, could increase
customer satisfaction through the use of a dashboard (easier grasp of the information and focus on the
essentials)".

He was also satisfied with the design and visualization. He thinks that "the color scheme and combination
of colors are selected intuitively. Discreet presentation of the base map is ideally chosen in order to
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Figure 5.7: General statistics of the stakeholders of the disaster risk community participating in the online
survey

visualize the damage appropriate." Finally, it was asked if the core user GAF AG thinks that dashboards
could add value and benefit to current products in disaster risk management. He answered: "In my opinion,
a dashboard represents a clear added value compared to a static map. The user can decide for himself or
herself which information can be depicted, with simultaneous quantitative evaluation of the displayed
elements."

5.4 Sector Analysis

In an attempt to obtain an encompassing picture of the overall media usage with a special focus on the use
of dashboards in the disaster risk management community, a sector analysis was conducted on the basis
of an online survey.

Figure 5.8: Relative distribution of all used media per sector within the disaster risk community as reported
by the stakeholders

In total 46 stakeholders from different sectors within the disaster risk community participated. The gender
ratio, age distribution and employment per sector of the participants of the online survey is presented in
Figure 5.7. Approximately 1

4 of the participants are female, 3
4 are male, while most of the participants

were between 20-40 years old. Approximately 2
3 of the participants are employed within the private

sector or academia. Stakeholder employed in the governmental authorities sector represent 20% of the
respondents who participated in the online survey. NGO’s and international organizations together with
three participants out of 46 account for a share of only 6%, thus making them the least represented sector
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Figure 5.9: Left: rating of the most used medium within the entire disaster risk community represented as
absolute counts. Right: rating of the most used medium represented as relative share sector wise

wise within this analysis. The remaining 7% constitute a share not falling into any of the above-mentioned
sectors. For instance, unemployment is included in this category.

Figure 5.8 illustrates the distribution of the relative share of all listed media used by the participants
working within the respective sector, divided by sector. The graph shows which media are used at what
percentage in the individual sectors and what differences in the use of the media can be observed within
the individual sectors. For example, it can be seen at a glance that the use of apps is limited to the sectors
academia, private sector and governmental authorities and that interactive maps, reports and static maps
account mostly for largest shares in all sectors.

This condition is also reflected in Figure 5.9, reinforcing this point. Figure 5.9 presents the results ("Most
frequently used media in disaster risk community") of a question from the online survey as a visualization,
in which all 46 stakeholders from the disaster risk community, regardless of the sector employment,
were asked to specify the medium they use most frequently. In this graph, the absolute number of the
most frequently used media (selected by each individual stakeholder) is shown. It can be observed that
interactive maps account for the largest share with 15 stakeholders selecting this type of medium, closely
followed by the medium report, selected by ten stakeholders and static maps, a medium which was nine
times selected. Four participants out of all 46 participating stakeholders stated that they use dashboards
most frequently.

Figure 5.10: Opinion of stakeholders with regard to the perceived relevance of dashboards for disaster
risk management purposes. Left: concerning the entire disaster risk community. Right: divided by sector
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In the following graph "Most frequently used media per sector", in the right of Figure 5.9 these results can
be reviewed sector-wise and offer a more detailed insight. It is noticeable that especially in the academia
sector, the proportion of interactive maps is particularly high at over 40%. In the private sector, for
example, the shares of static maps, reports, interactive maps as most frequently used media are relatively
balanced upon the stakeholders employed within this sector.

Finally, the online survey explored opinions regarding the willingness towards the use of dashboards for
disaster risk management purposes (Figure 5.10). A rough third of the participants responded that they
already use dashboards for disaster risk management purposes. Approximately half of them (48%) do not
so but would be interested in using them and approximately 6% neither use dashboards nor is interested
in using them for disaster risk management purposes. The graph "Dashboard use per sector" on the right
side in Figure5.10 shows the results in more detail for each sector. One information that can be derived
from this graph is, for example that in the private sector none of the participants stated that they neither
use dashboards nor are they interested in using them for disaster risk management.
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Chapter 6

Interpretation and Discussion

In this chapter the results of the individual findings of this study are critically evaluated and analyzed.
Furthermore, the discussion contents are establishing a reference to the research objectives specified in
Chapter 1.2.1.

The main content of this chapter is to critically evaluate how well the medium dashboard might be used
for disaster risk management purposes, like risk and vulnerability assessment. In particular it is discussed
how effective, efficient and correct the risk-relevant information is provided by a dashboard in relation to
conventional methods like static maps and how satisfied users are with the individual medium.

6.1 Requirements Analysis

The requirements analysis for dashboards used for disaster risk management purposes consisted of the
two expert interviews and the interview with the core user GAF AG.

Regarding the expert interviews, it is important to note that although the experts have many years of
experience and a high level of expertise in the field, a crucial aspect to acknowledge is that these are two
individual opinions. These are inevitably characterized by a certain degree of subjectivity regardless of
the questioning for generally valid aspects and therefore most likely cannot be generalized to the full
extent.
It is also of importance to consider that dashboards are highly dependent on their actual purpose. Con-
versely, this implies that (although the key features application should be generally valid for disaster risk
management purposes) each case should always be examined in detail on an individual basis.
Nevertheless, both expert opinions constituted an extremely valuable contribution to this study and proved
to be a fundamental component in the development of the prototype.

The same applies to the user needs identification in the course of the interview with the core user GAF
AG. It is crucial to acknowledge that the user needs identification applies explicitly to this specific case,
the Tianjin Explosion 2015, and cannot be arbitrarily extended to any other dashboard in disaster risk
management. The prototype was developed on the basis of an individual order in the form of a static map,
implying an individual case scenario. For similar cases, the user needs may presumably be valid, however,
as well this requires case-by-case consideration and is dependent on the actual purpose.

Nevertheless, the opinions of the three experts are of enormous value precisely because of their long-
standing expertise, which is applied in market-leading companies and institutions within the field of
disaster risk management and furthermore because the entire community is simply not that large. In
general, all three expert opinions reflect the views, perspectives and needs regarding the usability of
dashboards in disaster risk management and provide a valuable insight into this community.
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6.2 Potential Analysis

6.2.1 Focus Group Test I

It is important to recognize that minor human induced errors may have occurred during the execution
and performance of the test, which could possibly lead to small distortions in the results. However, these
small human-caused irregularities in the test procedure should usually be compensated by the quantity of
participants, so no significant impact on the overall result should be expected.

Objective Part

In general the correctness of the answers and the efficiency, for instance how quickly answers could be
provided using the medium, allow fundamentally important insights into how well the medium can be
used for decision making and for communicating risk-relevant information in disaster risk management.
Faster and more accurate transfer of risk-related information and data can consequently improve decision
making and the overall communication flow.

The static map may be valid to be used for the comparison, because it is an official map of the European
Union Copernicus Programme of 2017. In addition, objectivity was ensured in the user test questions and
only information that reflected the original function of the static map, e.g. finding out the vulnerability
index in an area on the map, was queried. Nevertheless, the differences are enormous to what degree
the results of the objective part (tasks one, two, four, five and six) reflect the better performance of the
dashboard group compared to the static map group, in terms of efficiency and the correctness of the
given answers. This implies that the provided interactivity has a significant influence on correctness
and efficiency of the provided answers. Moreover, this is a strong indicator that through the provided
interactivity, decision making and communication flow may be improved through dashboards for specific
application purposes in disaster risk management.

The only case where the dashboard group was temporally inferior (in terms of the time needed to solve
the task) to the static map group was in task three "Where on the map is the Vulnerability Index the
highest? Please mark/circle the areas with the two highest classes on the adjacent map." It is reasonable
to assume that within the static map group the areas were mostly drawn superficially and swiftly on the
map, whereas the task could be solved much more accurately and precisely using the dashboard. This
may have accounted for the difference in time. This task also indicates that static maps generally may
provide a relatively reliable overview of the state of risk and vulnerability assessment, while dashboards
may be used to explore the database in more detail and produce more accurate results.

Subjective Part

The focus in this part is on analyzing the user satisfaction of the medium and the overall assessment
of the perceived effectiveness of the used medium in the frame of focus group test I. A high degree of
agreement in the statement evaluation of statement one "I could solve the tasks easily" and two "I had fun
solving the tasks" correlates with a high level of user satisfaction or is indicative accordingly. Statement
three "I find the medium intuitive" and four "I find the medium explorative" allow to draw inferences
about how effectively the medium is perceived. Intuitiveness and exploration have a direct impact in how
effectively a medium is perceived. This circumstance can be extended and applied to the field disaster
risk management. In a first step, the findings of each medium are being individually evaluated and then
put in comparison to one another.

As already mentioned in the results section in Chapter 5.2.1, the provided opinions in the scope of the
subjective part were much more homogeneous within the dashboard group compared to the static map
group. This provides considerable potential for discussion and interpretation. Yet a number of reasons for
this varying spectrum of opinions can be traced back in the provided commentaries, particularly regarding
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the medium static map. A selection of individual commentaries can be review in Figure 6.1 at the end of
this section.

Indications of the high approval rate of participants in the dashboard group for the statement one "I could
solve the tasks easily" can be detected within the provided comments. Participants expressed that they
considered the tasks as easy because they knew exactly at all times what was being expected and knew
how to execute the tasks without any difficulty. The participants could therefore solve the tasks with a
high certainty and with confidence (resembling the findings in the Rininsland et al. (2016) study), which
allows to draw conclusions on the user satisfaction. In addition, participants repeatedly mentioned the
supporting effect on the task solution by the high level of intuitiveness and the concise dashboard design.
Furthermore, apparently a good visualization and the interactive selecting functions also contributed to
solving the tasks easily.

Referring to statement two, the majority of the participants also enjoyed solving the tasks. Fun as a
positive emotion, which is linked to a medium, may also allow conclusions regarding the satisfaction of
the participants using the dashboard. Besides, people memorize information more easily if it is linked
to positive emotions as fun (Kensinger, 2009). Additionally, people prefer to deal with a medium if
the associated effort is not too laborious. Through the fun factor, people understand coherences better
and engage deeper with the subject matter and are able to remember these coherences more effectively
(Danckert & Allman, 2005). Reasons that reflect the high approval rate in statement two "I had fun while
solving the task" within the dashboard group might be manifold. For example, it was stated that the
participant enjoyed solving the task because of the novelty of the medium, which was not previously
known, but which was nevertheless relatively easy to understand. It was also stated that the high analyzing
factor with regard to the provided data contributed significantly to the fact that solving the tasks was fun
and therefore working itself with the dashboard was a pleasure.

The high level of agreement with the statement three "I find the medium intuitive" may be partially
explained by the circumstance that the majority of participants found the dashboard very self-explanatory.
While it was stated that the coloring of the classification was considered to be difficult and not at all
intuitively, the dashboard as a medium itself was. This also indirectly explains why the task solving was
perceived as being easy.

The approval rate of statement four "I find the medium explorative" was not quite as high compared to
statement three. This can perhaps be explained by the fact that intuitiveness and exploration are to a
certain degree mutually exclusive, or rather that the unification of both concepts may become from a
certain point on a difficulty. The more intuitive a medium is supposed to be, the more exploration is
sacrificed, which in turn is associated with simplicity. Explorativity, conversely, is accompanied by a
certain degree of complexity due to the investigative character.
Nevertheless, as already described in the results, the medium was perceived by the majority as explorative.
The reasons for this were the involvement of the user, the high explorativity of the data and the map
through interactivity and the practical and detailed way of application. Additionally, it was also stated that
many functions were fixedly provided or that the data basis was not sufficiently known and therefore the
explorativity of the medium was rated neutral.

In general, the results suggest that the medium dashboard is very well suited for vulnerability assessments,
and thus indirectly for risk assessment in disaster risk management. The high approval rate within the
groups and the high correctness of the answers suggest that the user satisfaction with this medium is
high, risk-relevant information could be transmitted correctly and the efficiency is sound due to the speed
of the provided answers. Answers could be provided as stated in the comments with a high certainty
and confidence as already indicated in Chapter 2.2.2 by Rininsland et al. (2016). In addition, the high
approval rate for the statements whether the medium was perceived as intuitive or explorative suggests a
high effectiveness in disaster risk management.

As mentioned before, the opinions on all statements within the subjective part related to the static map
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were quite heterogeneous and the spectrum of opinions is much more diversified.

The majority of participants did not agree with statement one "I could solve the tasks easily", but a part
of the participants either had a neutral opinion or agreed. The possible reasons, which might be partly
deduced from the provided comments, are diverse.
Many participants mentioned the color classification within the static map was one reason which made
the tasks difficult to solve. Highly attention and time consuming were other provided reasons why the
solving of the tasks was probably perceived in that high degree of difficulty.
Furthermore, a high degree of uncertainty was often expressed regarding the correctness of the provided
answers and the fact that clickable fields might have been helpful in this context. On the other hand, possible
reasons for agreement are that the tasks themselves were simple, because basically no complicated things
were asked. Often the self-confidence that the tasks were solved correctly, was missing and participants
stated that they had to guess a lot. According to a participant, this circumstance had nothing to do with
the simplicity of tasks, but more with the map itself.

With regard to statement two "I had fun solving the tasks", the positive response was mainly due to the
fact that working with maps is generally considered as very positive, the participants enjoyed puzzling
and the topic was regarded as being interesting.
However, it was also suggested that solving the tasks was quite tedious and while solving them in the test
environment was fun, participants stated that they would certainly not have the confidence to conduct
proper decisions in disaster risk management with the medium. Further, it was pointed out that the static
map was not suitable for answering detailed problems and therefore solving the tasks was not considered
as enjoyable. This suggests that the participants who had the ambition to evaluate and report precise
information were the participants who did not find the tasks enjoyable to solve.

Regarding the intuition of the medium, inquired in statement three "I find the medium intuitive", the
medium was in most cases probably perceived as intuitive in the sense that the topic itself is presented
in a very comprehensive manner. Derived from the comments of the participants, it is possible to get a
quick overview with the aid of the medium. Moreover, it is quite obvious that maps themselves, if they
are well-made, have a high degree of intuitiveness.
Contrary to this, however, many participants also considered the medium to be not intuitive at all, since
they lacked the interactivity. Curiously enough, many participants indicated that web maps or interactive
maps would have been considerably more convenient. It was implied that the static map in this case
ought to be utilized at its maximum for assisting decision making or generally for providing an overview,
however, decisions should not be based solely on the static map.

Concerning statement four "I find the medium explorative" whether the medium static map was perceived
as exploratory, the widest range of opinions was represented. The participants who had a negative attitude
indicated in the comments on the fact it was impossible to explore the database on a profound level and
the medium itself was very limited, as zooming was allowed at a maximum. It was criticized that exact
data and information could not be retrieved in order to continue investigating on this basis and to be able
to conduct assessments. Furthermore, it was remarked that it was practically not possible to compare the
vulnerability of two locations. Comparing may be attributed to exploration and is an extremely important
aspect of vulnerability assessment in disaster risk management. For example a common task would be the
comparison of the vulnerability of two parcels containing different age groups, in order to decide which
area needs rescue first in the case of an emergency.
Neutral opinions arose from the fact that although the legend offers comparability, the medium itself
was not considered explorative. For the affirmative opinions, the comments provided explanations as for
instance that the medium was exploratory at first sight and was therefore well suited for obtaining a brief
and overall impression. However, it was explicitly noted that the medium is not appropriate for a more
in-depth evaluation and is very dependent on the intention regarding the degree of accuracy to be obtained
when working with static maps.

By directly comparing the statement evaluation by the participants from both media, there is a significant
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Figure 6.1: Selection of commentaries concerning both dashboards (left) and static maps (right) provided
within the subjective part of the focus group test I

indication that user satisfaction was higher linked to the medium dashboard. For instance, the participants
enjoyed solving the tasks more because of the medium itself rather than because they perceived the
subject matter of disaster risk management interesting (as indicated for the medium static map). Moreover,
the participants of the dashboard group were considerably more confident regarding the correctness of
their answers, hence they perceived the tasks altogether easier. This aspect also suggests a higher user
satisfaction while operating the medium dashboard.

By comparing the results, in asking for intuitiveness and exploration, conclusions may in addition be
drawn regarding the perception of the compared media in terms of effectiveness. The diverse responses of
the participants of the static map group reflect an overall impression that the static map medium is suitable
for an overview and is also perceived as effective in this context, but that in general the effectiveness of
the dashboard in terms of intuition and exploration may be rated higher.

Finally, an important aspect to consider is that while effectiveness and user satisfaction may have been
influenced negatively by the color classification the static map medium, and while this may not have
been directly related to the medium itself, it is still a crucial issue of how accurately and efficiently the
risk-related information is communicated and transmitted by the medium. The medium dashboard was
too affected by the difficult color classification, and yet a positive user satisfaction was observed and,
in addition, the medium’s effectiveness in terms of intuition and exploration was considered to be very
high. This allows the direct conclusion that the high user satisfaction is to a large extent influenced and
associated to the medium dashboard itself.

6.3 Dashboard Prototype

6.3.1 Focus Group Test II

Generally, very positive feedback has been received on the Tianjin Dashboard. The majority of the
34 participants agreed with all ten key features surveyed in the statement evaluation. Therefore, it can
be assumed that these key features are mostly fulfilled and are applicable to the constructed prototype.
Reasons for the generally very positive feedback may be critically discussed with the aid of the provided
commentaries of the participants. A selection of some commentaries can be viewed in Figure 6.2.

For instance, participants perceived the dashboard as very detailed and as being able to bundle plenty
of information at once. In this context, it was also implied that the individual sub-dashboards were
nevertheless not overloaded with information, even though a considerable amount of information was
provided. According to some of the participants, various aspects and perspectives on the topic of the
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explosion could be demonstrated and captured. It was also positively noted that the dashboard makes it
possible to comprehend the data and information gradually and therefore comprehend the subject matter
on a profound level. In addition, the high degree of exploration which "has made the dashboard playfully
discoverable" can be attributed, amongst other reasons, to the positive feedback. Besides, it was remarked
that the dashboard is nevertheless very self-explanatory and intuitive.

Technical aspects have also been commented as positive and associated with the positive feedback. This
was for example the intuitive navigation through the dashboard’s framework, which made it easier to
find information rapidly and conveniently. Furthermore, the speed of the displayed results was perceived
positively, for instance when clicking on something, the result was presented directly and without delay in
an interactive way.

Reasons for rather critical remarks regarding the dashboard prototype are, for instance that some par-
ticipants were less technically inclined and needed some brief instructions. As a logical consequence,
the usability of dashboards depends therefore strongly on the computer affinity of the dashboard users.
Presumably, this might also be a possible reason that some of the participants were feeling slightly
overwhelmed by the amount of information provided by the dashboard, which was asked in statement five
"I do not feel overloaded with the information by the dashboard".

Moreover, some participants apparently lacked the analytical reference to determine trends and correlations
queried in statement six "I can see correlations and coherences between the information by using the
dashboard". For these participants the dashboard was rather an interactive presentation medium. From
the comments, however, it can be deduced that this fact depends on the individual participant in terms of
how trends and correlations are ultimately perceived. This indicates that the dashboard prototype certainly
satisfied the majority of participants and received a high degree of positive feedback, but both extremes
encountered their limitations because they were either over- or under-demanded by the software.

6.3.2 Technical Aspects and General Issues

Ideally, the focus group ought to represent the true user group, i.e. employees from the disaster risk
management community or a user group that resembles even more to the disaster risk management
community, in order to be able to make a truly exact statement in terms of the complete applicability of
the key features to the dashboard. Furthermore, while 34 participants represent an adequate starting point,
more participants certainly would be beneficial and would contribute to more precise results.

However, the fact that dashboards are closely connected to particular applications in disaster risk manage-
ment as well as the user needs of the individual operator, have a decisive impact in this case. The focus
group test II can therefore be conducted because stakeholders in disaster risk management also frequently
represent very different areas and are only united by the topic of disaster risk management.

As a last point, it can be mentioned that the dashboard in this case is dependent on the digital infrastructure
in terms of the internet connection. This is definitely not true for all dashboards and might be an advantage
and disadvantage at the same time. The reason for this is that the dashboard can be accessed from anywhere
through an internet connection, however, if not connected there is no access at all.

6.3.3 Qualitative Feedback

The prototype was also received very positively by the core user GAF AG, as already outlined in the
results section.

This circumstance is promising, as it is a strong indication that the prototype fulfills its purpose in this
case and therefore might constitute a useful tool in disaster risk management. A broad application basis
can be therefore expected as well in form of a concrete implementation into daily practice. However, as
previously noted regarding the two expert interviews, it must be acknowledged that the opinion in question
is an individual opinion which, even if objectively intended, invariably contains a degree of subjectivity.
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Figure 6.2: Selection of commentaries concerning the Tianjin Dashboard provided within the focus
group test II

Nevertheless, it is strongly assumed that the dashboard prototype might constitute a useful tool for disaster
risk management purposes. Due to the good feedback it can be assumed that the dashboard prototype is
applicable in this field.

6.4 Sector Analysis

Perhaps the most relevant point in the discussion of the sector analysis is that it is crucial to be aware
that a number of 46 participants may never capture the complete disaster risk community in its entirety
and may therefore never be a 100% representative. For the research purposes of this master’s thesis,
however, it is entirely sufficient, since the research objective "investigate, if the concept of a dashboard
as an interactive cartographic visualization, is applicable to other potential user groups, working in
the disaster risk industry in different sectors" is answerable with a high degree of certainty.

From Figure 5.8 it can be deduced that the "outdated" media static maps and reports still remain very
present in all sectors and account for a high proportion. At the same time, however, it can also be
interpreted that the trend towards interactive maps has increasingly found its way into the daily working
life of risk managers in disaster risk management. This is especially true for academia, with a share of 40%.
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It is plausible in a way, since in the academia sector research for new methods is driven and innovative
tools are implemented first. Meanwhile, the share of dashboards and apps is still relatively small, however,
it can probably be assumed that this share will increase further in line with the development of the digital
world.

It should then be stressed that within Figure 5.8 the relative share, not the absolute share of all media used
per sector is depicted, since otherwise the NGO’s and international organization sector would have been
entirely underrepresented, as there was only one stakeholder from the NGO sector and two stakeholders
of the international organization sector participating in the survey. In this context, it must be taken into
account that results concerning the NGO and international organization sector can therefore only be used
to a limited extent and conclusions need to be drawn cautiously. This issue is also reflected in Figure 5.9
"Most frequently used media per sector", where the most frequently used medium accounts therefore
for 100%, as there was only one participant in the online survey from both sectors who responded to
this question (one of the two participants from the international organization sector did not answer this
question).

A noticeable aspect of the question concerning the usability of dashboards within the disaster risk
community is that while dashboards are apparently already partly used for disaster risk management
purposes, the high level of expressed interest in their usage implies that there is a strong demand for
dashboards in general.

Ultimately, in order to get a more accurate picture of the entire disaster risk community, more research
and newer approaches are needed, in order to further refine this study.
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Chapter 7

Conclusion and Outlook

7.1 Conclusion

The aim of this master’s thesis was to create and evaluate the usability of dashboards for disaster risk
management purposes and to investigate if decision-making and communication flow are significantly
improved in comparison to conventional solutions like static maps.

A sophisticated prototype was designed and developed based on a static map and by taking into account
the user needs of a stakeholder in the field of disaster risk management. Several tests, interviews with
experts and analyses were conducted in order to identify if the prototype constitutes a useful tool for
disaster risk management purposes. Prior to the actual construction of the prototype, a requirements
analysis was conducted. In this context, the specific user needs of the core user GAF AG were identified
as core aspects and based on two qualitative expert interviews, general key features were determined
which are targeted for a dashboard used for disaster risk management purposes.
Furthermore, a simpler dashboard was created within the frame of a potential analysis before the actual
prototype was developed. The analysis was carried out to evaluate the potential of dashboards through
the provided interactivity in terms of decision making and communication flow in direct comparison to
conventional methods like static maps. This analysis was conducted to assess the capabilities of dashboards
for disaster risk management purposes.
Ultimately, the concept of the dashboard prototype was extended in the scope of a sector analysis to the
disaster risk management community, in order to examine how the different stakeholders in disaster risk
management generally consider the use and relevance of dashboards in this field.

In order to investigate the different aspects concerning the usability of dashboards for disaster risk
management purposes, the following research objectives have been evaluated and the corresponding
questions (Chapter 1.2.2) were in the course of this master’s thesis answered.

Identify, whether decision making, and communication flow would be improved by the interactive
character of a dashboard compared to current methods.

In order to be able to answer the research questions associated with this research objective, the potential
analysis was conducted. The objective part of the analysis was testing the efficiency (through stopping
time) as well as the correctness of the transmitted data and information based upon an example of an
European Union vulnerability analysis of the Copernicus Programme.
The testing revealed that the medium dashboard were both more efficient and outperformed the static map
in terms of granularity and accuracy in the results.
Since the efficiency or more accurately the time component in communicating risk related information for
disaster risk management is often of fundamental importance for decision making processes, it can be
concluded that dashboards can be expected to facilitate these processes.
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The degree of correctness of the information transmitted was also investigated. This constitutes an integral
aspect and is of fundamental importance for the communication flow of risk-relevant data and information
within disaster risk management. As the medium dashboard performed significantly better in the focus
group test I than the static map, it can be concluded that dashboards generally have the potential to improve
the overall communication flow.

The advantages of dashboards over static maps can be summarized primarily as enabling faster and more
accurate transfer of risk-related data and information, which effectively can contribute to facilitating
decision-making as well as communication flows.

These findings also reflect parts of the content that can be retrieved from the two expert interviews. By
incorporating the analysis capabilities regarding trends, coherences and correlations into dashboards
directly as functions, dashboards can reduce effort for decision making and consequently facilitate those
processes (Employee Munich RE, personal interview, May 25th, 2020, Appendix 2).

Identify, whether dashboards as interactive cartographic visualizations are a useful tool for risk and
vulnerability assessment for disaster risk management purposes. And within this context the identifica-
tion of a core user and his or her needs within the disaster risk industry for a user-centered dashboard
design. Furthermore, identify if the dashboard will be accepted by the core user as an alternative to
static maps.

In order to be able to provide answers to the research questions associated with these objectives, the
requirements analysis was conducted. Part of the analysis was the identification of the user needs as core
aspects. At the same time, key features were identified with the help of the external opinions of experts,
which would enable dashboards to be a useful tool for disaster risk management purposes and which
would provide the basis for the development of the prototype.

In addition, the subjective part of the focus group test I, focus group test II (re-validating the key features)
and the qualitative feedback provided by the core user (after the construction of the prototype) contributed
to providing an answer to the research questions.

The results of the subjective part within the potential analysis reflect that dashboards are perceived
highly effective in terms of intuition and exploration, especially in comparison to static maps. The high
effectiveness of the exploratory character of the dashboard ensures that the data base can be explored very
thoroughly and coherences are comprehensible on a profound level. Furthermore, this analysis revealed
that dashboards are relatively self-explanatory due to the high degree of intuitiveness. In combination
with a high level of user satisfaction while interacting with the medium, these findings contribute to the
fact that dashboards represent a useful tool in disaster risk management.

The re-validation of the key features within the focus group test II further emphasizes these findings. The
gained profound comprehension of the subject matter of the Tianjin explosion, the efficient bundling of
yet a large amount of provided information and the high degree of user satisfaction during the operation of
the dashboard suggest the conclusion that dashboards represent a useful tool in disaster risk management.
The positive qualitative feedback of the core user also reinforces this outcome and allows to draw the
conclusion that the prototype is accepted as an alternative to the static map of which the development was
based on.

In addition, some aspects from the expert interviews can also be referenced in this context, making
dashboards a useful tool from the experts’ point of view. Dashboards allow to explore data sets interactively
and exploratively, with fun as an additional motivator. Furthermore it was noted that dashboards provide
the ability to investigate and explore data in a very profound way, enabling users to retrieve a maximum
of information from the data sets (Employee Munich RE, personal interview, May 25th, 2020, Appendix
2). Through their intuitiveness, dashboards lead very much to the reduction of work density. Dashboards
offer an enormous advantage due to their ability to present information in a bundled and multi-layered, but
still self-explanatory way. Due to their flexible structure in the composition of their elements, dashboards
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can grow with the crisis and adapt to new circumstances and insights, which is extraordinarily valuable in
disaster risk management (Employee Fraunhofer Institute, personal interview, May 26th, 2020, Appendix
3).

All in all, the collected findings constitute the overall picture that dashboards can be of great use and add
value to processes in disaster risk management.

Investigate, if the concept of a dashboard as an interactive cartographic visualization, is applicable to
other potential user groups, working in the disaster risk industry in different sectors

An answer to the research questions associated with the third research objective, can be clearly proven
by the findings visualized in Figure 5.10. There may be sectoral differences, but 37% are already using
dashboards for disaster risk management purposes and 48% are interested in them. As a result 85% of the
stakeholders surveyed expressed an interest in dashboards. It can therefore be concluded that the concept
of dashboards as an interactive cartographic visualization is applicable, or is even already successfully
used. The willingness to use dashboards in disaster risk management can therefore be considered as
very high, since more than 80% of the participants of this study support these findings. This proves that
the core user GAF AG, which has provided very positive feedback regarding dashboards, is not only
an individual case, but the entire community values dashboards highly as a medium for disaster risk
management purposes.

The conclusion suggests that the hypothesis "interactive cartographic visualization tools such as dash-
boards can be and upgrade in risk and vulnerability assessment for natural and human-induced
disasters and geopolitical risks and contribute to improving decision-making processes and the
overall communication flow of risk-related information" can be considered as confirmed. The sec-
ond hypothesis "during the design process of the dashboard prototype, it is advantageous if the
user’s conceptions and ideas are part of the implementation in the sense of a user-centered design"
can likewise be assumed as valid.

7.2 Outlook - Future Trends in Disaster Risk Management, Cartography
and Dashboards

Many experts agree that the number and intensity of natural and anthropogenic disasters continues to
increase. The field of disaster risk management is constantly evolving, and its increasing importance has
turned a small community into an entire industry with various stakeholders. This industry is growing,
also with a view to the future (Employee Munich RE, personal interview, May 25th, 2020, Appendix
2). Settlement is becoming increasingly chaotic in many parts of the world, which has a direct impact
on vulnerability and exposure, increasing the risk of being affected by a disaster for many people in the
world. This effect is further intensified and accelerated by climate change (Employee GAF AG, personal
interview, May 22nd, 2020, Appendix 1).

At the same time, new technologies, such as improved remote sensing systems, some of which now provide
daily coverage and report on global events, are constantly evolving and are expected to become even more
accurate in the future. Digitization is a major factor in which a great amount of investment is being made.
For example, much research and effort is being put into digitizing countries and communities to increase
their resilience to disasters and bring them up to date with the latest technology (Employee Fraunhofer
Institute, personal interview, May 26th, 2020, Appendix 3).

The expert interviews revealed that the trend is probably also developing in the direction of structuring
more and more information technically into one application, and even merging several applications into
one application. Data sources and data streams will be consumed increasingly and automatically, but also
external services and their functions will presumably be bundled increasingly and preferably in single
application (Figure 7.1). Moreover, the range of different data sources available will broaden and may
be used to provide many different perspectives as well as to refine the general overview. This aspect
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Figure 7.1: Schematic overview of structuring different data sources,services and applications into one
main application

will further optimize processes like decision making and improving the flow of communication. In an
interdisciplinary context, technology and hardware in data science, and thus also in cartography, are
becoming increasingly faster, more transparent and technically advanced. This implies that there are
also new opportunities in disaster risk management. Increased fundamental research will lead to a more
efficient accumulation of geo-data in the future for better analysis of disasters and as a foundation for
visualization (Employee Munich RE, personal interview, May 25th, 2020, Appendix 2).

Both experts independently mentioned that data protection and security is becoming increasingly relevant.
Due to continuously rising costs, good and granular data is becoming more and more expensive and
difficult to obtain. In general, this is a difficult issue, as good databases are essential in fields such as
disaster risk management, for example for civil protection purposes.

With regard to cartographic visualization, experts believe that the trend is moving further away from
static print products and towards online visualizations, especially in disaster risk management (Employee
GAF AG, personal interview, May 22nd, 2020, Appendix 1). For instance, the situation of COVID-19
demonstrates that dashboards and other interactive cartographic visualizations are gaining increasingly
in importance, especially in crisis and disaster situations. The current crisis of the COVID-19 situation
reveals the great demand in this field, as countless visualizations on the topic have been published during
the present period.

The degree of automation can be expected to continue to rise in the future. With the development of
technology, applications in dashboards will probably be able to perform many analyses independently in
the future, especially in the context of artificial intelligence. This could mean, for example that satellite
images could be automatically analyzed and interpreted by algorithms and these applications and analyses
could be incorporated within dashboards. The degree of automation could also have an impact on the
exploration of data sources and data streams which could be consumed increasingly in an automated way.
Dashboards will continue to excel at presenting different perspectives in a well-founded and consistent
manner, allowing for more accurate identification of trends and increasingly easier detection of correlations
between different data sets. In this process, dashboards could evolve into entire platforms that bundle
many applications and information that enable access as well as sharing of risk relevant information by a
broad spectrum of different stakeholders.
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These named aspects could help in the future to better cope with disaster situations like the Beirut explosion
in Lebanon, which occurred in the final stages of this master’s thesis. On August 04th, 2020 an immense
explosion detonated in the port of Beirut, killing hundreds of people and hitting a country, that has already
been deeply affected by the Syrian War, a deep economic recession and COVID-19 for months.
The similarities of the explosion itself to the Tianjin explosion discussed throughout this master’s thesis
are devastating. The explosion had a similar catastrophic impact, the dimensions of the dead and injured
resemble those of the Tianjin explosion and in fact even the same material detonated.

This is precisely the reason for the fundamental importance and the high demand for thoroughly executed
disaster risk management - to ensure that similar disasters will not repeat themselves in the future.
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Questionnaire Dashboard (English Version) 

 
1. Personalities (optional) 

 

Sex:  

Age:     

 

2. Objective Part 

 

 

Questions Answer 

Question 1: 

What is the Vulnerability Index of Field x? 
 

Question 2:  

What is the Vulnerability Index of Field y? 
 

Question 3:  

Where on the map is the Vulnerability Index the highest? Please circle the areas with the two 

highest Classes on the adjacent map. 

 

Question 4: 

In the Histogram Graph, which Classification of the Vulnerability Index is represented most in the 

area units? How many cases approximately? 

 

Question 5:  

In Graph "Cova do Vapor": What is the value of "% of population with no employment"?   
 

Question 6:  

In Graph "Costa da Caparica": What is the value of "% of population can not read or write"?   
 

 

 

3. Subjective Part 

      

 

Do not agree at 

all 
Do not agree Neutral Agree Agree very much 

Statement 1: 

I could solve the tasks easily  

Comment: 

     

Statement 2: 

I had fun solving the tasks 

Comment: 

     

Statement 3: 

I find the medium "Dashboard" intuitive 

Comment: 

     

Statement 4: 

I find the medium "Dashboard" explorative 

Comment: 

     



 

 

 
 

 
  

 

Questionnaire Static Map (English Version) 

 
1. Personalities (optional) 

 

Sex:  

Age:     

 

2. Objective Part 

 

 

Questions Answer 

Question 1: 

What is the Vulnerability Index of Field x? 
 

Question 2:  

What is the Vulnerability Index of Field y? 
 

Question 3:  

Where on the map is the Vulnerability Index the highest? Please circle the areas with the two 

highest Classes on the adjacent map. 

 

Question 4: 

In the Histogram Graph, which Classification of the Vulnerability Index is represented most in the 

area units? How many cases approximately? 

 

Question 5:  

In Graph "Cova do Vapor": What is the value of "% of population with no employment"?   
 

Question 6:  

In Graph "Costa da Caparica": What is the value of "% of population can not read or write"?   
 

 

 

3. Subjective Part 

      

 

Do not agree at 

all 
Do not agree Neutral Agree Agree very much 

Statement 1:  

I could solve the tasks easily 

Comment: 

     

Statement 2: 

I had fun solving the tasks 

Comment: 

     

Statement 3: 

I find the medium "Static Map" intuitive 

Comment: 

     

Statement 4: 

I find the medium "Static Map" explorative 

Comment: 

     



 

 

 

 

Tutorial Tianjin Dashboard: 

 

Dear user, 

You've just seen a simple example of static map use/dashboard use in Disaster Risk Management. 

The Dashboard under the following link 1 is a little more complex in structure and more extensive in 

its functions.  

It illustrates different aspects of the Tianjin Disaster in 2015 - in this Disaster several circumstances 

led to a massive chemical explosion. In this explosion 173 people died, several hundreds were injured 

and an insurance loss of more than 1.5 billion Euros was incurred. 

The actual dashboard contains various sub-dashboards to explore the various issues, such as 

damaged buildings and destroyed vehicles and containers. 

 

Tutorial: 

▪ Reference map: You are currently viewing the reference map, an overview map of various 

types of buildings in the explosion environment.  

➔ ToDo: Now click 1x on the "Multi-Functional" bar in the Graph “Built-Up Area”. 

 

How much area in the entire disaster area does this type of building represent?  

Answer: _____________________ 

 

➔ ToDo: Now click on “Parking Lots” one tab further down on the left, to access the next 

Dashboard. 

 

▪ Parking Lots: Here you can see an overview map of the affected vehicles in parking lots. 

Known car companies affected by this explosion were for example Toyota, but also VW and 

Chrysler. The parking lots with the vehicles show different damages summarized in damage 

grading. 

➔ ToDo: In the Pie Chart “Grading of Cars” click on the dark red color "burned out". 

How many vehicles are affected? 

Answer: _______________________ 

 
1 https://tu-

muenchen.maps.arcgis.com/apps/opsdashboard/index.html#/b67945389976438e9349ae27f7e953ec 



 

 

Which brands mainly? 

Answer: _______________________ 

 

➔ ToDo: Click again on the dark red color "burned out" to get all parking lots displayed again. 

➔ ToDo: Click in the series diagram No. of affecter Cars per Brand in the category Chrysler on 

the light red part "probably damaged". 

 

How many vehicles of Chrysler are „probably damaged “? 

Answer: _______________________ 

 

➔ ToDo: Click one tab further on the “Container” Dashboard. 

 

▪ Container Here you can see an overview map and various supporting diagrams showing the 

damaged and overturned containers caused by the explosion. 

➔ ToDo: In the pie chart Total No. of Container click on the light red part "tossed containers”. 
 

How many m² is the affected area of the tossed containers? 

Answer: __________________________ 

 

➔ ToDo: Click one tab further on the “Buildings Affected” Dashboard. 

 

▪ Buildings Affected: This more complex overview map includes various aspects of the damage 

to the buildings affected by the explosion. The colors of the buildings represent the different 

damage classes (Damage Grading). The diagrams also contain supporting information on the 

exact cause of damage and the functionality of the buildings. 

➔ ToDo: Explore the data basis as you like and try to understand the connections. You can also 

return to the other tabs. 

 

 

 

 



 

 

 

 
 

 

 

Comment: 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

___________________________________________________________________ 

Questionnaire Tianjin Dashboard (English Version) 

 
1. Personalities (optional) 

Sex: 

Age: 

2. Assessment 

 
Do not agree at 

all 
Do not agree Neutral Agree Agree very much 

Statement 1: 

The effort while using the dashboard was 

little. 

     

Statement 2: 

I consider the intuition of the dashboard as 

high. 

     

Statement 3: 

I think the dashboard bundles the information 

efficiently. 

     

Statement 4: 

I can explore the complexity of the database 

well by using the dashboard. 

     

Statement 5: 

I do not feel overloaded with information by 

the dashboard. 

     

Statement 6: I can see trends, correlations and 

coherences between the information by using 

the dashboard. 

     

Statement 7:  I find the central placement of 

the map helpful. 
     

Statement 8: The graphs and indicators help 

me to understand the topic better. 
     

Statement 9: Although I am not familiar with 

the subject matter, I can easily operate the 

dashboard. 

     

Statement 10: I had fun operating the 

dashboard. 
     



 

 

 

 

 

 

 

 

 
1 https://tu-

muenchen.maps.arcgis.com/apps/opsdashboard/index.html#/b67945389976438e9349ae27f7e953ec 



 

 



 

 

 

 

 

 

 



 

 

 

 

 



 

 

 

 


