Hazards and accessibility: combining and visualizing threat
and open infrastructure data for disaster management
Jordi Tost,a Fabian Ehmel,a Frank Heidmann,a Stephanie M. Olen,b and Bodo Bookhagenb
a

Interaction Design Lab, University of Applied Sciences Potsdam, Germany; jordi.tost.val@fh-potsdam.de, fabian.ehmel@fhpotsdam.de, heidmann@fh-potsdam.de
b
Institute of Earth and Environmental Sciences, University of Potsdam, Germany; olen@geo.uni-potsdam.de,
bodo.bookhagen@geo.uni-potsdam.de

Abstract: The assessment of natural hazards and risk has traditionally been built upon the estimation of threat maps,
which are used to depict potential danger posed by a particular hazard throughout a given area. But when a hazard event
strikes, infrastructure is a significant factor that can determine if the situation becomes a disaster. The vulnerability of
the population in a region does not only depend on the area’s local threat, but also on the geographical accessibility of
the area. This makes threat maps by themselves insufficient for supporting real-time decision-making, especially for
those tasks that involve the use of the road network, such as management of relief operations, aid distribution, or
planning of evacuation routes, among others. To overcome this problem, this paper proposes a multidisciplinary
approach divided in two parts. First, data fusion of satellite-based threat data and open infrastructure data from
OpenStreetMap, introducing a threat-based routing service. Second, the visualization of this data through cartographic
generalization and schematization. This emphasizes critical areas along roads in a simple way and allows users to
visually evaluate the impact natural hazards may have on infrastructure. We develop and illustrate this methodology
with a case study of landslide threat for an area in Colombia.
Keywords: Geovisualization, Data fusion, Generalization, Schematic maps, Natural hazards, Disaster management

1. Introduction
In recent years, abundant research has been done in the
fields of geographic information systems (GIS) and remote sensing in order to analyze disaster risk and to
provide relevant information that improves decisionmaking and relief effectiveness in disaster management
(Herold and Sawada 2012). Increasingly, satellite-based
data is available faster and in ever-improving resolutions
(Voigt et al. 2016). However, this apparent benefit may
also lead to information overload (Chen 2010; Schick et
al. 1999), which can be counter-productive for decision
makers in disaster situations, where information must be
understood rapidly and with the lowest cognitive
workload.
Traditional satellite-based emergency mapping is
commonly built on the estimation of threat maps, which
pro-vide a static snapshot of the local potential threat of a
particular hazard in a region. But besides the physical
magnitude of the hazard, social vulnerability is the factor
that usually determines its consequences (Cutter et al.
2003). Vulnerability is determined by socioeconomic,
institutional, and natural and human-made environmental
conditions (Hewitt 1998). One of these conditions is
infrastructure (Garschagen et al. 2016). Disaster relief is
not only affected by the immediate consequences of the
hazard, but also by the area’s accessibility and mobility
capabilities for internal displacements. Decisions based
on the area’s road network have to be taken continuously
and in real-time: relief teams need to manage the units in
the field, logistic teams have to coordinate humanitarian

aid and food distribution, population evacuations need to
be performed, etc. In the aftermath of a disaster, time and
coordination are crucial, and it is important to quickly
identify mobility restrictions (e.g. road blockades) and
isolated areas to respond efficiently. Moreover, assessing
infrastructure vulnerability is essential for disaster
preparedness to foresee which areas are most susceptible
and with this, develop mitigation policies that may reduce
disaster risk. For this, a proper evaluation of the threat
along roads is needed, and this requires new ways to deal
with and visualize threat data. To this end, our goal is to
propose a more effective means of visualizing potential
threats along roads and routes. We do this in a way that
simplifies the use of threat data in the context of
infrastructure vulnerability estimation and decisionmaking in all tasks that require mobility.
Our methodology is divided in two parts: first, the dataset
optimization and second, its visualization. The first part
concerns the data fusion: the combination of new threat
data with open infrastructure data from Open-StreetMap
(OpenStreetMap 2017). For this, we introduce the
DIGENTI API, which offers threat-based routing. The
second part concerns the visualization of the resulting
data based on cartographic generalization (Shea and
McMaster 1989) in order to counteract the information
overload phenomenon and simplify its utilization.
The explorations and results presented in this paper are
built on a case study from an area of interest in northeastern Colombia, using high-resolution landslide threat
data. This paper does not claim to develop a new
algorithm for automatic generation of generalized maps.
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It rather proposes the design of a more dynamic and
efficient way to gather and visualize existing threat data
for mobility-related decision-making.
This paper proceeds as follows: we first summarize the
related works, which lead to the problem definition.
Subsequently, we present our case study in Colombia,
explain the characteristics of the area of interest and
introduce the dataset. We then present our
interdisciplinary approach: first how data fusion works,
and then how we developed the visualization by applying
generalization transformations. Finally, we suggest
possible applications, discuss the results, introduce our
future work and propose recommendations for future
research.

2. Related Work
Past research has shown that infrastructure itself can be a
crucial factor of risk (Garschagen et al. 2016). Infrastructure vulnerability has been modelled with multiple
methods to estimate the performance of infrastructure
systems in disasters (Faturechi and Miller-Hooks 2014).
These methods are mostly based on mathematical models
that quantify how susceptible a network is to malfunction
given an adverse event such as a hazard, but are neither
based on hazard data nor present a visual approach for
real-world use.
In terms of data, remote sensing offers several
possibilities to generate threat and hazard maps for risk
assessment, including damage assessment for disaster
response and recovery using high resolution images or,
for example, detecting road damages after events
(Coulibaly et al. 2014). The use of volunteered
geographic information has been also shown effective
after a disaster for road damage assessment (Schnebele et
al. 2014). As an example, OpenStreetMap has shown the
potential of open collaborative mapping for disaster relief
(Poiani et al. 2016). During disasters, a large community
of volunteers works on keeping maps updated by rapidly
mapping damages and by completing areas that were not
mapped before. This allows the possibility to create
reliable routing services for emergency vehicles that use
up-to-date infrastructure data (Neis et al. 2010), which
can be complemented through data fusion (Jotshi et al.
2009).
To handle the ever-increasing amount of data, interactive
GIS routines are being employed to support decision
making in all phases of disaster management through
interactive exploration and geovisualization (Herold and
Sawada 2012). Information visualization also plays an
essential role in coping with information overload. Its
importance for making sense of large amounts of data and
for supporting decision-making has already been
demonstrated (Bresciani and Eppler 2009). Especially for
high-stress situations during emergency response, visual
representation has been proven useful for enhancing the
capability to process information (Coury & Boulette
1992). Borzo (2004) recommends considering both the
characteristics of decision makers and decision tasks in
order to make the relevant insights stand out for each of
them.

Cartographic generalization is used to improve the clarity
of maps and emphasize the most important map features
(MacEachren 1995). Shea and McMaster (1989)
presented a logical framework that gives an
understanding about when and how to generalize in
digital maps using different techniques. Schematization is
a type of generalization that aims to enhance perceptual
tasks by minimizing detail and without losing map
context (Mackaness and Reimer 2014). The metro map
schematization metaphor (Garland 1994) has been largely
applied to other spatial data, such as road networks or
route maps, although most research has focused on the
automated generation of schematic maps (Dong et al.
2008; van Dijk et al. 2016). Agrawala and Stolte (2001)
proposed a set of schematization techniques to improve
the usability of route maps based on cognitive
psychology research (Denis 1997) and on the analysis of
how people read hand-drawn route maps in comparison
to standard maps. Their resulting approach distorts road
lengths and angles, simplifies road shape and reduces
contextual information and decoration, showing only road
names and directions. This was proven usable for
relatively short trips within a familiar region. However,
this research also showed that for long routes and in nonfamiliar areas, a certain level of detailed local context
along the route (i.e. area landmarks such as rivers, points
of interest, etc.) is necessary to keep the sense of
direction. An underdeveloped aspect of schematization is
its application into new tools for expert users to use in
real-world scenarios. One of the scarce examples is the
research by Hurter et al. (2010), which proposes the
automatic generation of schematic maps to display flight
routes for air traffic control. Although the rules applied
for air traffic control cannot be directly applied to route
mapping for disaster management and vice versa, the
problems that motivate the use of schematization are
indeed related. Moreover, the working conditions in air
traffic control are strongly related to those in disaster
management, specifically in the response phase.
Decisions have to be taken quickly and effectively under
high pressure and stress, which lead to the need of easyto-read visualizations with a low cognitive workload.

3. Problem Definition
After analyzing multiple research from various
disciplines, we identify some gaps and challenges. The
first challenge is how to cope with data. Remote sensing
allows for the generation of high resolution threat maps
and dam-age assessment maps, but these datasets are still
relatively difficult to access and normally only by
authorities. In the meantime, the accuracy of
OpenStreetMap data is ever-increasing, specifically
during crisis situations. However, there is a lack of
applications that combine crowd-sourced OpenStreetMap
data with remotely sensed estimates of potential hazard
threat to create new data products. We believe that this
would enhance the advantages of both and would open a
wide range of new possibilities with an added value. The
second challenge is how to assess the threat to
infrastructure. Current approaches for infrastructure
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vulnerability modeling calculate general vulnerability
indices based on multiple constrains that are addressed to
reporting and policy making. But for practical purposes
(e.g. field operations, etc.), there is a lack of tools that
show the georeferenced potential local threat to
infrastructure and that, built on geospatial mapping,
visualize which areas can represent a threat to vital
infrastructure in case of a hazard. In other words, it is
important to know “which is the vulnerability index of
my local road network?”, but for practical use, it is
necessary to know “which spots on a road are susceptible
to get damaged or blocked?”. Both challenges are indeed
related. We need to reduce the gap between threat
mapping and the assessment of local infra-structure
vulnerability in a direct, pragmatic and visual way. We
have access to wider amounts of better data and,
according to our research, this requires new ways to: a)
deal with the data –data fusion–, b) visualize the data, and
c) explore the data. In this paper, we focus on data fusion
and visualization.

5. Data Fusion
Showing a complete high-resolution threat dataset (e.g.
FOS) over an area can be overwhelming, especially
including infrastructure information (Fig. 1a).
Information density on the map is too high and it is
difficult to distinguish which particular unstable areas
could be critical for the road network. We can approach
this with data fusion. As seen in figures 1b and 2b, by
filtering the threat along roads and routes, we reduce data
congestion, obtaining only the potentially critical areas
(FOS polygons) that may signify a threat to
infrastructure.

4. Case Study: Landslides in NE Colombia
The research presented in this paper was done in the
scope of the DIGENTI project, whose goal is to construct
an interdisciplinary methodology for quantifying and
communicating the threat of natural hazards, and to
provide an interactive guide for policy and decision
makers in the field of disaster management.
The methodology presented in this project is built on a
particular case study conducted in an area of interest in
the Cesar and La Guajira departments of northeastern
Colombia. The area contains part of the Serranía del
Perijá mountain range, has a variable topography and a
typical Caribbean weather with heavy raining and El
Niño-related phenomena. This causes a threat of
landsliding in the area. In the context of landslides, threat
maps are used to depict potential danger from landslides
and visualize the possibility of future landsliding
throughout a given area.
For the area of interest, we estimated a new suite of highresolution landslide potential maps (Olen and Bookhagen 2016). These maps were calculated by combining the
12x12-meter TanDEM-X WorldDEM (WorldDEM 2017)
with other environmental data, such as the Harmonized
World Soil Database (FAO et al. 2012), to calculate the
Factor of Safety (FOS, Selby 1974). The FOS, which
determines landslide threat, estimates local hillslope
instabilities and quantifies the probability that a hillslope
is stable or not. The FOS polygons are classified into the
following classes: 1) very unstable, 2) unstable, 3)
moderately unstable, 4) moderately stable, 5) very stable.
For instance, in an area with a FOS 1, where the ground
is estimated as very unstable, the threat will be high.
Otherwise, areas with FOS 4 or 5 are stable and will be
safer. The figures used in this paper show only the areas
classified with FOS 1 to 3 and these are color coded with
red (FOS 1), orange (FOS 2) and yellow (FOS 3). Figure
1b shows the complete area of interest and the FOS
dataset.

Fig. 1. Two maps of the area of interest showing
OpenStreetMap roads and FOS threat data: a) before data
fusion, and b) after data fusion.
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calculated routes. With this threat-based routing service it
would be possible to suggest different routes depending
on threat and to calculate alternative routes that avoid
trespassing critical areas.

Fig. 2. Two maps showing a road and FOS threat data: a) before
data fusion, and b) after data fusion.

For this purpose, we propose the use of infrastructure
data from the OpenStreetMap dataset, which includes
roads, routes, streets, paths, etc. OpenStreetMap, as
crowdsourcing-based open data platform, makes it easy
for everyone to add and edit spatial data. For this reason,
OpenStreetMap has become an important tool for relief
and logistics teams during disasters, due to its constant
updates of infrastructure status through collaborative
mapping (Palen et al. 2015).
For performing the data fusion, we implemented the
DIGENTI API, an application programming interface
(API) that allows the combination of threat data with
multiple spatial features. Besides querying threat data for
roads, it is also possible to make queries for given points
(bridges, settlements, points of interest, etc.) or polygons
(areas).

Fig. 3. DIGENTI API’s data calls by point, line (or route) and
polygon (or area).

If a trunk road has been blocked (e.g. by a landslide),
relief logistics need to quickly evaluate the situation and
determine alternative solutions. In such situations, the
collaborative mapping of OpenStreetMap offers the
possibility to access updated infrastructure information,
which can be used by emergency routing platforms that
calculate routes that avoid affected areas and blocked
streets (Neis et al. 2010; Poiani et al. 2016). Besides
damages, it is also important to identify critical points
along the infrastructure that are susceptible of being hit
(e.g. by future landslid-ing).
When planning a route, the deciding factors are:
− “Which is the shortest route from A to B?”
− “Which is the fastest route from A to B?”
− “Which is the most resource-saving route from A
to B?”
And in the context of emergency response, a further
factor could be:
− “Which is the safest route from A to B?”
Within the DIGENTI API, we have implemented a live
routing service that queries threat data along the

Fig. 4. Route between Manaure Balcón del Cesar and San José
del Oriente, calculated with the DIGENTI API.

The DIGENTI API, code examples, and further
documentation are available on: https://github.com/FHPotsdam/digenti-api.

6. Visualization
In the context of emergency relief and logistics, decision
makers need the essential insights to visually stand out.
For this, the visualization part of our approach is based on
cartographic generalization. This chapter describes step
by step the transformation process divided into
generalization of threat data, generalization of routes and
a general schematization. This complete process is
summarized in figure 7 by illustrating the routes of two
emergency vehicles to a field operation.
It is important to consider that the authorities and entities
involved in disaster management may be local, regional,
national or even international. We assume that, depending
on their role and level of local area knowledge, users will
need data presented in different generalization scales. In
this paper, we focus on the local scale.
6.1 Generalization of threat data
In order to reduce congestion, threat data is generalized
by grouping spatially clustered FOS polygons. First, we
combine small features of the same class (FOS 1, FOS 2,
etc.) into larger elements through aggregation and
amalgamation (Shea and McMaster 1989). Second, we
simplify and smooth the resulting polygon shapes in
order to achieve a more aesthetic form (Fig. 5b).
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the displacement of road segments to achieve a straight
linear visualization. The result has a higher level of
abstraction and is aesthetically similar to a step map or a
network graph (Fig. 6c).

Fig. 5. Two maps showing threat along a road with a) raw data,
and b) smoothed cluster grouping.

It may seem contradictory to apply these techniques on
high-resolution data, since we lose information
simultaneously. We believe that simplifying the dataset
will help users to detect the most critical areas faster.
Moreover, a tool visualizing threat data should always
allow users to switch modes and request the raw dataset
on demand (Shneiderman 1996).
6.2 Generalization of routes
Before we start with the schematization process, we
reduce the granularity of routes through shape
simplification and smoothing (Shea and McMaster 1989).
This will trim line sharpness by reducing small
perturbations and keeping only the most significant
trends, offering a smoother map that keeps the overall
route shape. The resulting aesthetic can be seen in figures
6a and 7c.
6.3 Schematization
Schematic maps are examples of how visual complexity
can be reduced by manipulating map features, by
morphing them, exaggerating important insights and
reducing non-functional detail. It has been shown that
effec-tive schematized route maps must contain all
turning points on a route (Denis 1997), while
representing the precise length, angle and shape of a road
is less relevant (Tversky and Lee 1999). Considering this,
and in order to highlight routes’ main characteristics, we
propose a first schematization that removes small curves
and morphs main route segments into straight lines.
Turning points keep their overall angle and the length of
route segments is still propor-tional to their length in the
original map (Fig. 6b and 7d). With this, we want to
assure that decision makers do not misunderstand road
lengths when, for example, deciding between multiple
routes. Moreover, we also keep and schematize that
landmarks that are both relevant for the route condition
and for the viewer to keep the sense of di-rection, such as
water crossings. Regarding the threat data, we propose
the abstraction of the polygons by straight-ening and
repositioning them over the schematized route (Fig. 6b
and 7d).
We introduce a second schematization, considering that
preserving the exact angle of a road is less relevant for
understanding a route map (Tversky and Lee 1999).
Further transformations are: abstraction of landmarks
(e.g. water crossings), the removal of all road angles and

Fig. 6. Three road maps showing the same setting with different
generalization levels: (a) smoothed and simplified map, (b) first
schematization using the metro map metaphor, and (c) second
schematization as a network graph.

7. Applications
We can envision different use cases for our approach,
especially when decisions based on area mobility and
accessibility have to be taken. These applications can be
both before a disaster, for preparedness and mitigation,
and after a disaster, for emergency response. Two
possible use cases are:
• Pre-disaster – analysis of infrastructure
vulnerability: With our approach users would be
able to evaluate and visualize threat to existing
infrastructure and foresee critical spots along
roads that could present accessibility and
mobility deficits and potentially isolated areas.
This could be used for several applications,
including risk knowledge and communication,
infrastructure
development,
determining
response and evacuation procedures, or policy
making, among others.
• Post-disaster – management of emergency
vehicles through visual comparison: An
interesting use case is the application of our
approach to emergency response systems in field
operations. After a natural hazard strikes, most
important tasks in humanitarian logistics and
relief are infrastructure-related. Post-disaster
situations are dynamic and constantly changing
and timely, up-to-date information is essential.
This is especially true for emergency workers in
order to target the afflicted areas. For this, they
need to both know the infrastructure condition
(e.g. blocked roads, damaged bridges, etc.) and
to identify critical points along the infrastructure
that are passable but are susceptible of being
affected (e.g. by a landslide or a landslideinduced floods, etc.). When sending emergency
vehicles to an operation, our routing system and
approach allows decision makers to compare
alternative routes or even between multiple
vehicles in a simple visual way, adding threat as
additional decision factor (Fig. 7).

Proceedings of the International Cartographic Association, 1, 2017. This contribution underwent single-blind peer review based on
submitted abstracts | https://doi.org/10.5194/ica-proc-1-115-2017 | © Authors 2017. CC BY 4.0 License.

6 of 8

Fig. 7. Four maps showing the routes of two emergency
vehicles (vehicles A and B) to a field operation. Each map
shows the same information at different generalization phases:
(a) original map, (b) generalization of threat data by shape
simplification, (c) simplification and smoothing of routes and
line features, and (d) schematic map.

8. Conclusions and Further Work
This paper proposes data fusion and schematization of
route maps for the field of disaster management. In the
age of information overload, we believe that the
presented techniques will support decision-making, by
offering simple visualizations that enhance the important
insights. By means of visual comparison, we believe that
decision-makers will be able to take better decisions with
a lower cognitive workload. While a proper evaluation
has still not been conducted to test the comprehension
and usability of our approach, first discussions with
members of the Colombian National Unit for Disaster
Risk Management (UNGRD) have shown significant
interest, and pointed out the importance of simpler
methods and new visualization techniques for their daily
work in order to understand, communicate and assess
risk. While a user evaluation with Colombian entities has
been already planned in the near future to extract
preliminary results of our approach, we believe that
further research is required in order to take overall
conclusions about the usability of schematic maps in the
field of disaster management. Cartographic generalization
implies the use of multiple levels of data detail depending
on context and zoom levels. The current paper presents
different levels of schematization, but always focuses on
a local area. Disaster management is itself a wide field
that involves multiple task profiles (e.g. planning tasks
vs. live use) and different user roles (e.g. managers vs.
workers on the field). Moreover, involved authorities can
be local, regional, national or international, and may have
local knowledge of the affected area or not. In order to
assess this diversity, a user-centered design approach
(Gabbart et al. 1999) is needed to define which levels of
detail or abstraction are required for each role, task
profile and level of local knowledge. Another important
factor to take in to account is the area characteristics,
since we have focused our experiments on a rural area
with a low road density. It would be interesting to apply

the same methods in urban areas with a higher density
and a nested road network and evaluate if there are
different requirements.
We are conducting further research that is looking into
new ways to generate and visualize schematized small
multiples (Reimer et al. 2011) for comparing routes in a
more abstract way based on different parameters such as
distance, time, resource-performance and threat. Through
small multiples, users will be able to visually compare
various route options and quickly decide the most
suitable. Although a routing algorithm of these
characteristics could recommend the safest route
automatically, we want to support the decision-making
process with visualization, so users can combine the
visualized information with their local knowledge and
decide accordingly, alone or collaboratively in group
decision-making. Additionally, we are exploring new
ways to visualize threat in a more dynamic way that
considers the area’s hydrologic networks and the threat of
landslide-induced debris flows and flash floods.
Although we have presented our experiments built on
available threat data from the area of interest in
Colombia, we believe that the same or a similar approach
can be applied for other remote sensing-based datasets
and other areas. We hope that our approach encourages a
productive discussion in the research community and
inspires further research at the intersection between
cartography, geovisualization and disaster management.
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