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Abstract
Disaster managers depend on timely and accurate
information for task-related decision-making in
highly complex and dynamic environments. New data
sources, like online social media provide an
increasing volume of data that promises
improvements in situation awareness. But it remains
difficult to focus data collection on information needs
and integrate relevant information back into
decision-making. In this paper, we present the
observation-aware Decision Model and Notation
(oDMN), which connects tasks, decisions,
information and data sources based on standardized
models and notations as well as on domain-specific
information models. The oDMN allows for deriving
information requirements and determining the impact
of incoming observations on relevant tasks and
decisions. To demonstrate its usefulness, we apply
oDMN to a case centered on logistics operations
during the 2015 Nepal earthquake response. The
results show that oDMN is indeed able to formally
connect tasks, decisions, information and data
sources, and thus support better decision-making.

1. Introduction
The number of people vulnerable and affected by
disasters has increased substantially since the 1970s
and will probably continue to do so [8]. In the
immediate aftermath of a disaster, decision makers
have to assure that action is prompt and targeted
although required information about the situation at
hand is least available and there is great time pressure
[3]. Various decision models support decision makers
in these situations, but they rely on fundamental data
about the situation, whose collection is often

sacrificed by humanitarian staff in favor of lifesaving activities [32].
New data sources are emerging to gather more
complete, accurate and timely information about the
situation [10]. They include online social media, [1,
35], collaborative platforms [33, 22, 39] or in-situ
and mobile sensors [34, 9]. However, the increasing
volume of available data, lack of targeted analysis
and integration into practical workflows results in
valuable information going unused – or worse –
contributes to information overload, adversely
impacting decision-making.
Against this background, it comes as no surprise
that practice calls for better targeted data collection
[25, 15, 4]. At the same time, researchers understand
the importance of integrating identified information
into decision-making processes, so that more
valuable insights may be considered in disaster relief
– but have unfortunately not yet succeeded [36, 5,
38]. There remains a need for the bidirectional
connection between decision-making and data
collection, especially considering the use of new data
sources, like online social media.
To address this issue, we offer the observationaware Decision Model and Notation (oDMN), which
connects tasks, decisions, information and data
sources. This allows to formally derive information
needs from decisions and tasks and determine
suitable data sources to better target data collection. It
also allows to determine the impact of new
information on decisions and tasks. For easier
adoption and application in practice, oDMN is based
on and related to popular standards for the modelling
of processes, decisions and observations as well as on
domain-specific information models that add
knowledge about concrete tasks, decisions and
information needs.

To demonstrate oDMN’s applicability and
usefulness, we instantiate it in a case that is based on
humanitarian logistics operations during the 2015
Nepal earthquake response. From the various subdomains involved in humanitarian response, we focus
on logistics. The reason is that logistics takes a
central role for the delivery of relief items that it
incurs for humanitarian organizations [3].
The remainder of this paper is structured as
follows. We first present the relevant state of the art.
Next, we describe how the foundational standards are
incorporated and – where necessary – extended. The
subsequent section describes the application case.
Eventually we summarize this work, draw
conclusions and suggest directions for future
research.

satisfied using certain data sources and methods of
analysis [19, 11, 38, 14]. Within this group, Horita et
al. [11] present a conceptual framework that links
supply chain processes of humanitarian organizations
with volunteered geographic information (VGI) but
do not explicitly describe the relationship between
tasks, decisions and information. Link et al. [19]
describe a keyword-based method for information
extraction, which uses reference tasks and
information categories to identify relevant
information in social media data but, too, do not
explicitly connect information to decisions. To the
best of our knowledge, no publication systematically
connects tasks and decisions with information needs
and data sources.

2.2. Foundational Models and Notations

2. State of the Art
2.1. Integration of Data Collection and
Decision-Making in Disaster Management
Data collection activities fundamentally depend
on an appropriate understanding of decision-makers’
information needs and ways of working, so that
information products can effectively contribute to
decision-making and operational excellence. For
example, knowledge of the main points of entry into
an affected area, like ports and roads, are essential for
planning transport modes and routes, which is vital
for getting relief items delivered from foreign
countries. Related information can be collected by
local staff using publicly available rapid assessment
forms. A lack of sufficiently in-depth understanding
can not only lead to valuable information going
unnoticed but has been observed to increase
information overload and adversely affect decisionmaking [5].
Various researchers have elucidated information
needs in disaster management. Vieweg et al. [38]
analyze the use of social media data in decisionmaking, based on interviews with employees of a
non-operational agency. Gralla et al. [7] present a
broad and categorized set of information
requirements and types of decisions that are more
directly connected to field operations. The gap
towards applicable insights is still wide, which is
partly due to the complexity of the landscape of
decision-makers [7] and their individual information
requirements (depending on their specific tasks and
related decisions).
Some recent works use an increased domain focus
to more specifically identify decision-making roles,
which leads to information requirements that can be

To deliver services or products, organizations
employ business processes. A business process can
be understood as “a chain of functionally connected
activities using information and communication
technologies, which lead to a closed outcome
providing a measureable benefit for a customer”, and
a task represents a single unit of work [3]. A widely
adopted standard for modelling business processes is
the Business Process Model and Notation (BPMN)
developed by the Object Management Group (OMG)
[23]. To provide more detail on the processes that
should be modelled, the notion of process models can
be combined with the notion of reference information
models, which aim to describe the universal elements
of a system to provide a point of reference for
application system or organization developers [3].
One example for such a combined model is
Blecken’s reference task model for the supply chain
processes of humanitarian organizations [3].
Business processes are intimately linked to
decision-making. Since BPMN’s capabilities to
model decisions are limited, OMG has recently
released a first public version of the Decision Model
and Notation (DMN), which “creates a standardized
bridge for the gap between the business decision
design and decision implementation. DMN notation
is designed to be useable alongside the standard
BPMN business process notation” [24, 17].
Overviews of decision models in disaster
management are readily available, e.g. for disaster
operations management in general [6] or
humanitarian logistics in particular [31].
While there are many ways to model business
processes and decisions, we found BPMN and DMN
the best choice for the integrated modelling of

business processes and decisions. One important
reason is the tight integration of BPMN and DMN.
DMN includes elements related to the modelling
of information as input to decisions, which can act as
interfaces to detailed information models. Several
such information models (or: application schemas,
ontologies) have been constructed for the disaster
management domain [21]. One example is the
Humanitarian Logistics Infrastructure and Resource
Model [11].
To provide an abstract view on observations that
originate from various data sources and can be
contextualized to satisfy information needs, the Open
Geospatial Consortium (OGC) and the International
Organization for Standardization (ISO) offer the
Observations and Measurements (O&M) standard.
O&M “defines a conceptual schema for observations,
and for features involved in sampling when making
observations.” [30].

3. The observation-aware
Notation (oDMN)

Model

and

In this section we present the observation-aware
Decision Model and Notation (oDMN), which
consists of a model that systematically connects
BPMN, DMN and O&M and of a graphical notation.
3.1. Description of the Model
The oDMN model extends the DMN meta-model
[24], as shown in Figure 1, so that it integrates the
properties of observations in O&M [30]. It also
utilizes O&M’s interface to domain-specific

information models. BPMN is connected via the
element Task.
Following a top-down approach from operations
to data collection, the model’s starting point is the
element Task, which represents a single unit of work
in a business process (e.g. Select Transport Route)
[24]. A Task can be associated with zero or more
decisions, e.g. finding the shortest route in the road
network. Each decision is described by two elements:
(a) Expression, which defines information items as
input variables (e.g. road condition) and decision
rules (e.g. specifying the impact of road conditions);
and (b) required information, which is provided by
Input Data (e.g. Ground Team Reports about the
condition of roads). Except the element Task, all
aforementioned elements are part of the DMN metamodel.
In order to connect decisions’ information
requirements (in the form of Input Data) to data
sources, the model attaches to the O&M specification
via a Provided Observation, which links to
Observations originating from data sources; see the
bottom right of Figure 1. O&M defines an
observation as “the act of measuring or determining
the value of a property” [25], wherein the property of
a feature (as an abstraction of a real-world
phenomenon [30]) simultaneously characterizes an
observation. In other words, one has to be clear on
which property to observe and what feature’s state to
estimate from the observed property, in order to be
able to define a specific observation at any given
location and time. A property is thus intimately
related to an application domain, which gives
meaning to an observation. For example, the

Figure 1. The observation-aware Decision Model

condition (property) of a building (feature) has
different significance for a logistician, who is looking
for a warehouse location, than for a medical team that
seeks to establish a field hospital or for a shelter
expert in the recovery phase of a disaster.
Consequently, in order to associate an observation
with a decision, one does not only have to specify an
observation as Input Data, but it has to be clear how
the observed property relates to the logic of a
decision. This is reflected in the model by adding a
Decision Property element that relates to the
Information Items in DMN’s Expressions (i.e.
decision logic) and to an Associated Property in an
Observation. For example, a ground team (data
source) may submit a report (Observation) about the
road network (Information Item/Feature of Interest),
which contains information about a road’s condition
(Observation Property/Decision Property). In turn,
this condition is associated with a vector of feasible
routes (Information Requirement) in the decision
logic (Expression) for finding an optimal vehicle
route (Decision). Simultaneously, the report
(Observation) represents a Provided Observation that
links to the Input Data satisfying an Information
Requirement of the Decision, which links to the
corresponding Information Item in its Expression.
Since Decision Properties are so intimately linked
with domain knowledge, there should be a way to
relate them to domain-specific information models.
Fortunately, O&M already provides an interface to
incorporate domain knowledge via domaindependent
information
models
(in
O&M
terminology: Domain Application Schemas; e.g. [11,
21]). These information models provide catalogues of
Domain Features, which are specific types of O&M’s
generic Feature element. In turn, Features can be
associated with observable Properties, of whom
Decision Properties are a certain type. This way,
Decision Properties can make use of O&M’s
consideration of domain-specific information models.
Figure 2 illustrates the aforementioned elements and
their relationships.
Based on these definitions, it is possible to model
business processes (using BPMN and reference tasks)
and related decisions (with DMN). Associating
properties with information items in decision models
requires reflection on the features of interest in a
decision model’s logic (Expression) and on these
features’ observable properties. Having modeled the
properties associated with information items and
matching Input Data, it becomes possible to translate
information needs into specific types of observations,
and to identify the impact of incoming observations
from fitting data sources onto decision-making.

Figure 2. Relationship between Decision
Properties in oDMN and Domain Knowledge in
O&M

3.2. Description of the Notation
In an effort to support the creation of observationaware decision models, we extend the DMN notation
with new components and their respective notation,
as summarized in Table 1.
Table 1. New Components in the oDMN Notation

Figure 3 displays an example of how to use these
new components. On the left side, a business process
and its tasks are modelled using the BPMN notation.
Therein, a specific task (Task 1) involves a decision
(Decision 1), which is modelled on the right side
using the newly extended DMN notation. The
decision requires information from an external source
(Input data 1) and from another decision (Decision
2). It further employs a decision table (Business
Knowledge 1) for processing required information.
The decision table associates information items with
properties, which relate to the properties defining the
observations that deliver input data.

Figure 3. Example of Usage

4. Application of the Model and Notation
To demonstrate the model’s applicability and its
usefulness, we apply it to a case study centered on
logistics operations during the 2015 Nepal
earthquake response.

4.1. Methodology for Building the Case
The case results from a three-step analysis of the
2015 Nepal earthquake response:
1.

2.

3.

4.2.

Analysis of situation reports: To gain a
general
understanding
of
practical
challenges, we analyzed situation reports
published by OCHA and Humanity Road.
Interviews with practitioners: To deepen
our understanding of domain-specific
constraints, we conducted seven semistructured interviews with employees of
different organizations (e.g. UNICEF), who
were involved in logistics operations during
the 2015 Nepal earthquake response.
Modelling of the case study: Based on the
gathered data and knowledge extracted from
domain-specific
information
models
(reference
task
model,
information
categories), we modelled business processes,
decisions, information requirements, and
data sources using oDMN.

Description
Earthquake

of

the

2015

Nepal

On 25. April 2015, a 7.8 magnitude earthquake
struck Nepal, triggering several avalanches and
aftershocks in different parts of the country. The
situation worsened when another earthquake of 7.3
magnitude struck the country only a few weeks later
on 12. May 2015. OCHA estimates 8,700 fatalities,
thousands of injured people, and almost 800,000
buildings affected [29]. Neighboring communities in
India, China and Bangladesh were affected as well,
although with lower intensity. When the government
requested international aid and assistance, aid
organizations from different countries began
delivering various goods (e.g. medicine, equipment,
vehicles), financial support, and staff to Nepal;
providing relief services like search-and-rescue and
medical assistance [27].
As mentioned in the introduction, we focus on
logistics, as it can be considered the backbone of
relief operations. During the Nepal response,
logisticians faced numerous challenges. Among these
were transportation issues1, like too many aircraft
targeting Kathmandu airport, while other airfields in
1
Another important issue was procurement. As in many
disaster contexts, it was difficult to assess the location, availability
and capacity of local suppliers of relief goods in Nepal, so that the
initial response heavily relied on the import of items from India,
China and other countries. An issue related to limited information
about local market capacity is the import of goods that could have
been procured locally, which increases delivery time, drives
transportation costs and may further disrupt stressed local markets.
Consider what happens to local companies that are still intact when
aid organizations begin flooding the market with cheap or free
goods. A current approach to combat this problem are hybrid
supply chains, which heavily relies on information on local market
capacity [16].

Figure 4. Model Application for the 2015 Nepal Earthquake
the country went unused. The airport became a
bottleneck, also because its (previously sub-optimal)
condition worsened after the earthquake, to a degree
where the weight of incoming aircraft had to be
restricted. One aid worker mentioned that his
organization was lucky to learn about this restriction
from a ground team just before a bigger airplane was
about to be sent to Nepal. They could consequently
switch to a smaller model. As another way of
circumventing issues of airport access, logisticians
used alternative points of entry, like road
transportation from Delhi to Kathmandu, where first
transports encountered constraints.
Regarding data sources, ground teams supplied
important information for making sure that deliveries
matched local needs as well as infrastructure and
resource constraints. This is in line with previous
findings that field staff is the main source of
information for logisticians [37]. Practitioners issued
several requests for specific information about local
infrastructure and resources to digital volunteer
communities, which once more suggests the
perceived potential of online social media (e.g.
Twitter and Facebook) and crisis mapping (e.g. by
the Humanitarian OpenStreetMap Team) for
supplying relevant information.

4.3. Domain-specific Information Models
Blecken offers a reference task model for the
supply chain processes of humanitarian organizations
[3] that features six functional areas: assessment,
procurement, warehousing, transport, operation
support, and reporting. For example, the operational /
transport category contains 15 tasks, such as Select

Transport Route2. Various decision models exist that
support the planning of transport routes [31]. For
instance, a set of all possible routes between all pairs
of supply and demand nodes can be represented as an
input vector and then used to optimally assign
vehicles [2]. Descriptions of infrastructure and
resources that are relevant for humanitarian logistics
are available as information categories, including
characteristics of airports and road networks and
respective attributes [19]. For example, the category
Airport contains sub-categories like Current
Condition of Facilities, Runway Characteristics and
Cost of Airport Usage.

4.4. Model Application
In this case, a logistician initiates a transportation
process (modelled in BPMN) with the task
Consolidate Transport, as displayed on the left side
of Figure 4. Knowing the types and volume of goods
to be transported, the logistician proceeds to Select
Transport Mode, e.g. airplane or road transportation.
Once the transport mode is clear, the next task is
Select Transport Route, which involves a decision
(modelled in oDMN; see right side of Figure 4).
Parallel to selecting a transport route, it is possible to
Prepare Customs Documents necessary for exporting
goods to the affected country. When the transport
2
The task Select Transport Route has the following
description: “When selecting a transport route, several factors
such as security of staff, assets, and goods need to be taken into
account. Transport routes should be easily adaptable in case of
unexpected events. In case of an unforeseen event, transport routes
may need to be re-planned” [3].

route is clear and customs documents are ready, the
logistician may issue to Load Goods as well as Send
Advance Shipping Notice to inform the recipient, and
subsequently Track and Trace Shipment. Upon
arrival, Offload Goods and Handover Goods
conclude the transport process. The task Select
Transport Route involves the decision Optimal
Route, which employs business knowledge (Route
Rules) and requires data from other decisions (Road
Situation and Airport Situation). These decisions, in
turn, require further business knowledge (Road
Category Table and Airport Category Table), which
describe information requirements (features) and
their respective decision properties. Humanity Road
Reports, Social Media Messages, OCHA Reports, and
Updates from KTM Airport (Tribhuvan International
Airport in Kathmandu) have been selected as suitable
input data to satisfy the decisions’ information
requirements.
Observations about the affected area can be
considered relevant when their properties match the
properties defined in the decisions’ business
knowledge; e.g. observations coming in via Social
Media Messages and Humanity Road Reports could
raise awareness of the Road Situation by pointing out
an Obstruction at Melamchi and an Obstruction at
Dhunche [12, 13]. Similarly, Updates from KTM
Airport notify that all incoming aircraft need to obey
a Weight Restriction [28], while OCHA reports
Congestion at the airport [26]. Taking these
limitations into account, Table 2 presents the data of
the decision “Airport Condition”, which adopts
specific business knowledge (Airport Category
Table) with two information requirements: Aircraft
Slots and Weight Limitations. These decision’s
information requirements are then associated with the
decision properties: Overall Capacity and
Transportation Constraints. Matching the properties
of observation and decision reveal that the
observation (Airport Congestion and Weight
Restriction) provided by the input data (OCHA
Reports and Updates from KTM Airport) can fulfill
the decision’s information requirements (Aircraft
Slots and Weight Limitations).
Table 2. Data of the Decision “Airport Condition”

Table 3 presents the decision logic of the Airport
Category Table. The situation of the airport is
defined
by
cross-comparing
information
requirements. For example, when there is slots
available and the aircraft fits in the weight limitation
(e.g. < 100 MT), the aircraft is allowed to land at the
airport.
Table 3. Decision Logic of the Business Knowledge
“Airport Category Table”

5. Discussion
oDMN aims to clarify and systematically
connect tasks, decisions, information, and data
sources. This has been achieved by utilizing
standardized models and notations (BPMN, DMN,
O&M) as well as domain-specific information
models (reference tasks, information categories) and
extending them where needed. The utilized abstract
and generic concepts allow for modularized
customization via the domain feature class as the
central interface. Still, the approach’s generalization
will benefit from application to other domains, like
monitoring and early warning in disaster
preparedness.
On one hand, the integrated model allows to
formally derive information needs from decisions and
tasks. This elucidates information requirements
resulting from practitioners’ tasks and decisions,
which, in turn, can better focus data collection for
identifying relevant information. On the other hand,
the integrated model makes it possible to determine
the impact of new information on decisions and tasks.
This can be considered as an extension of previous
studies [38, 14, 7]. Insofar it enables the integration
identified information into decision-making.
Basing oDMN on popular standards favors
adoption and application in practice. The use of

BPMN and DMN, however, has inherent limitations.
For example, BPMN offers limited capabilities for
modelling information flows, and the current version
of DMN still focuses on routine decisions.
For oDMN development we have relied on
published decision models. which might be based on
unrealistic assumptions [6]. While this is important to
note, it does not affect our approach, since the
considered models can easily be replaced with more
complete or practical versions in the future.
Currently, data sources are considered in the
integrated model through a combination of input data
and observations, but there is no explicit modelling of
their characteristics. There remains a need to match
properties with data source characteristics, which is
highly domain-dependent due to the specifics of
relevant properties.
Information in input data (e.g. OCHA Reports)
can be automatically matched with decisions’
information requirements
if the contained
observations are tagged with pre-defined properties.
Currently this is hardly the case in written reports,
although public data sets (see e.g. www.crisis.net),
including social media data, are increasingly tagged
and thus semantically enriched with information
categories. Achieving a seamless information supply
from data collection to decision support systems
would benefit from information categories being
applied during data collection itself, as it is done in
the data collection system GDACSmobile, for
example [18].
oDMN can drive interoperability by serving as a
holistic framework for data collection and decision
support systems. Moving beyond conceptual
integration towards data integration requires systems
to communicate with fitting semantics and syntax.
Existing data exchange standards, like the Emergency
Data Exchange Language (EXDL) or the
Humanitarian eXchange Language (HXL), can
support interoperability by providing the necessary
clarity. If domain-specific models are used, as in our
case, these languages may need to be extended.
Although it is useful to incorporate individual
observations into decision-making, it remains a
challenge to integrate them into baseline data. For
example, the observation that a certain road is
blocked at a given location should result in an update
of maps. Doing this automatically for a high volume
of incoming observations is still difficult.

6. Conclusions
This paper presents the observation-aware
Decision Model and Notation (oDMN), which aims

to systematically link tasks, decisions, information,
and data sources. oDMN is based on popular
standards for the modelling of processes, decisions
and observations, as well as on domain-specific
information models that further describe tasks,
decisions and information needs. Applying oDMN to
a case centered on logistics operations during the
2015 Nepal earthquake shows that it achieves its
objectives.
oDMN can improve decision-making of disaster
management organizations by improving the
understanding of information requirements and data
sources, and thus support targeted data collection.
Furthermore, decision-makers are aided in the
integration of information provided by different data
sources; for instance, their configuration can consider
collaborative mapping to provide information about
the road network, while social media messages
provide updates about the condition of the road
network. Moreover, oDMN enables its users to
determine the impact of new information on
decisions and tasks, which can improve decisionmaking without increasing information overload. In
addition, it can lead to higher degrees of automation,
effectively reducing information overload.
Future work should be done to apply oDMN to
other domains, like environmental monitoring and
early warning, in order to support its generalization.
In addition, oDMN should be adopted in the design
of data collection and decision support systems, e.g.
leading to the consideration of decision-related
properties in observations, higher degrees of
automation during processing of observations,
improved interoperability between data collection
and decision support systems, and more seamless
integration of incoming observations into decisionmaking. Last but not least, the resulting systems
should be evaluated; ideally in exercises (e.g. serious
games [20]) and with practitioners, like assessment
experts and decision-makers from headquarters and
from the field.

Acknowledgements
FEAH and JPA would like to express thanks for
the financial support provided by CAPES (Grant
Edital Pró-alertas no. 24/2014). FEAH is grateful for
the financial support from CNPq (Grant no.
202453/2014-6). JPA is grateful for the financial
support from FAPESP (Grant no. 2012/18675-1),
CAPES (Grant no. 12065-13-7) and Heidelberg
University (Excellence Initiative fund: 2300054,
assignment: 7812617).

7. References
[1] J. P. Albuquerque, B. Herfort, A. Brenning, and
A. Zipf, "A geographic approach for combining
social media and authoritative data towards
identifying useful information for disaster
management", International Journal of Geographical
Information Science, 2015, pp. 1–23. DOI:
10.1080/13658816.2014.996567.

[10] F. E. A. Horita, L. C. Degrossi, Luiz Fernando
Gomes de Assis, A. Zipf, and J. P. d. Albuquerque,
"The use of Volunteered Geographic Information
(VGI) and Crowdsourcing in Disaster Management: a
Systematic Literature Review", Proceedings of the
19th Americas Conference on Information Systems
(AMCIS),
2013,
pp. 1–10.
[Online]
http://goo.gl/ILdjwG.

[2] B. Balcik, B. M. Beamon, and Smilowitz. K.,
"Last mile distribution in humanitarian relief",
Journal of Intelligent Transportation Systems:
Technology, Planning, and Operations, 12(2), 2008,
pp. 51–63. DOI: 10.1080/15472450802023329.

[11] F. E. A. Horita, D. Link, J. P. Albuquerque, and
B. Hellingrath, "A Framework for the Integration of
Volunteered
Geographic
Information
into
Humanitarian Logistics", Proceedings of the 20th
Americas Conference on Information Systems
(AMCIS),
2014,
pp. 1–12.
[Online]
http://goo.gl/g2YFBA.

[3] A. Blecken, Humanitarian Logistics: Modelling
Supply
Chain
Processes
of
Humanitarian
Organisations,
Haupt,
2010.
[Online]
https://goo.gl/pSOzYH.

[12] Humanity Road, Nepal Earthquake: Social
Media Situation Report no. 5, 2015. [Online]
http://goo.gl/szmQfa.

[4] D. Coyle and P. Meier, New Technologies in
Emergencies and Conflicts: The Role of Information
and Social Networks, United Nations Foundation,
2009. [Online] http://goo.gl/wBvoFJ.
[5] J. Crowley and J. Chan, Disaster Relief 2.0: The
Future of Information Sharing in Humanitarian
Emergencies, UN Foundation & Vodafone
Foundation Technology Partnership, 2011. [Online]
http://goo.gl/PylRL.
[6] G. Galindo and R. Batta, "Review of recent
developments in OR/MS research in disaster
operations management", European Journal of
Operational Research, 230(2), 2013, pp. 201–211.
DOI: 10.1016/j.ejor.2013.01.039.
[7] E. Gralla, J. Goentzel, and B. V. de Walle,
"Understanding the information needs of field-based
decision-makers in humanitarian response to sudden
onset disasters", Proceedings of the 12th International
Conference on Information Systems for Crisis
Response and Management (ISCRAM), 2015, pp. 1–
7. [Online] http://goo.gl/XRFwKw.
[8] D. Guha-Sapir, D. Hargitt, and P. Hoyois, Thirty
Years of Natural Disasters: 1974-2003: The
Numbers, 2004. [Online] http://goo.gl/eIsuty.
[9] F. E. A. Horita, J. P. Albuquerque, L. C.
Degrossi, E. M. Mendiondo, and J. Ueyama,
"Development of a spatial decision support system
for flood risk management in Brazil that combines
volunteered geographic information with wireless
sensor networks", Computers & Geosciences, 80,
2015, pp. 84–94. DOI: 10.1016/j.cageo.2015.04.001.

[13] Humanity Road, Nepal Earthquake: Social
Media Situation Report no.9, 2015. [Online]
http://goo.gl/AQqEDD.
[14] M. Imran, C. Castilho, F. Diaz, and S. Vieweg,
"Processing Social Media Messages in Mass
Emergency: A Survey", ACM Computing Surveys,
2014, pp. 1–37. DOI: 10.1145/2771588.
[15] International Federation of Red Cross and Red
Crescent Societies, World Disasters Report Focus on
Technology and the Future of Humanitarian Action,
2013. [Online] https://goo.gl/vG7GRp.
[16] M. Jurkowiecka, "Humanitarian Logistics
Transformation: From Bulk to Retail Logistics and
Operations on Border of Humanitarian and
Commercial Sectors", in Managing Humanitarian
Supply Chains: Strategies, Practices and Research, B.
Hellingrath, D. Link, and A. Widera, Editors. 2013.
DVV Media Group GmbH (Literature Series,
Economics and Logistics): Bremen/Germany.
[17] F. S. Lima, M. B. Gonçalves, M. M. A. Samed,
and B. Hellingrath, "Integration of a Mathematical
Model Within Reference Task Model at the
Procurement Process Using BPMN for Disasters
Events", in Advances in Swarm and Computational
Intelligence, Y. Tan, Y. Shi, F. Buarque, A. Gelbukh,
S. Das, and A. Engelbrecht, Editors. 2015. Springer
International Publishing: Cham.
[18] D. Link, B. Hellingrath, and T. de Groeve,
"Twitter Integration and Content Moderation in
GDACSmobile",
Proceedings
of
the
10th
International Conference on Information Systems for

Crisis Response and Management (ISCRAM), 2013,
pp. 67–71. [Online] http://goo.gl/XsMlPM.
[19] D. Link, F. E. A. Horita, J. P. Albuquerque, B.
Hellingrath, and S. Ghasemivandhonaryar, "A
Method for Extracting Task-related Information from
Social Media based on Structured Domain
Knowledge", Proceedings of the 21st Americas
Conference on Information Systems (AMCIS), 2015,
pp. 1–16. [Online] http://goo.gl/r5JGhb.
[20] D. Link, K. Meesters, B. Hellingrath, and B. V.
de Walle, "Reference Task-based Design of Crisis
Management Games", Proceedings of the 11th
International Conference on Information Systems for
Crisis Response and Management (ISCRAM), 2014,
pp. 592–596. [Online] http://goo.gl/WDdwzo.
[21] S. Liu, C. Brewster, and D. Shaw, "Ontologies
for Crisis Management: A Review of State of the Art
in Ontology Design and Usability", Proceedings of
the 10th International Conference on Information
Systems for Crisis Response and Management
(ISCRAM),
2013,
pp. 1–10.
[Online]
http://goo.gl/h0LQFF.
[22] P. Meier, Digital Humanitarians: How Big Data
Is Changing the Face of Humanitarian Response, Crc
Press, 2014.
[23] Object Management Group (OMG), "Business
Process Model and Notation (BPMN), Version
2.0"(formal/2013-12-09),
2013.
[Online]
http://goo.gl/ev6tUR.
[24] Object Management Group (OMG), "Decision
Model and Notation (DMN)"(dtc/2014-02-01), 2014.
[Online] http://goo.gl/VDV4tW.
[25] Office for the Coordination of Humanitarian
Affairs (OCHA), Humanitarianism in the Network
Age, 2012. [Online] https://goo.gl/PZ9PhA.
[26] Office for the Coordination of Humanitarian
Affairs (OCHA), Nepal: Earthquake 2015: Situation
Report n. 06, 2015. [Online] http://goo.gl/Kd9Pw1.
[27] Office for the Coordination of Humanitarian
Affairs (OCHA), Nepal: Earthquake 2015: Situation
Report No. 01, 2015. [Online] http://goo.gl/WRFecD.

[30] Open Geospatial Consortium (OGC),
"Observations and Measurements (O&M)"(OGC 10004r3), 2013. [Online] http://goo.gl/udPX9T.
[31] L. Özdamar and M. A. Ertem, "Models,
solutions and enabling technologies in humanitarian
logistics", European Journal of Operational Research,
244(1),
2015,
pp. 55–65.
DOI:
10.1016/j.ejor.2014.11.030.
[32] A. J. Pedraza-Martinez, "On the Use of
Information in Humanitarian Operations", in
Decision Aid Models for Disaster Management and
Emergencies, B. Vitoriano, J. Montero, and D. Ruan,
Editors. 2013. Atlantis Press.
[33] B. Resch, "People as Sensors and Collective
Sensing-Contextual Observations Complementing
Geo-Sensor Network Measurements", Progress in
Location-Based Services, 2013, pp. 391–406. DOI:
10.1007/978-3-642-34203-5_22.
[34] V. Seal, A. Raha, S. Maity, S. K. Mitra, A.
Mukherjee, and M. K. Naskar, "A Simple Flood
Forecasting Scheme Using Wireless Sensor
Networks", International Journal Of Ad-Hoc, Sensor
And Ubiquitous Computing, 3, 2012, pp. 45–60.
DOI: 10.5121/ijasuc.2012.3105.
[35] K. Starbird, L. Palen, A. L. Hughtes, and S.
Vieweg, "Chatter on The Red: What Hazards Threat
Reveals about the Social Life of Microblogged
Information", Proceedings of the 2010 ACM
conference on Computer Supported Cooperative
Work (CSCW),
2010,
pp. 241–250.
DOI:
10.1145/1718918.1718965.
[36] A. H. Tapia and K. Moore, "Good Enough is
Good Enough: Overcoming Disaster Response
Organizations’ Slow Social Media Data Adoption",
Computer Supported Cooperative Work (CSCW),
23(4-6), 2014, pp. 483–512. DOI: 10.1007/s10606014-9206-1.
[37] R. Tomasini and L. van Wassenhove,
Humanitarian Logistics, Palgrave Macmillan,
London/United Kingdom, 2009.

[28] Office for the Coordination of Humanitarian
Affairs (OCHA), Nepal: Earthquake 2015: Situation
Report no. 05, 2015. [Online] http://goo.gl/QBPrqM.

[38] S. Vieweg, C. Castillo, and M. Imran,
"Integrating Social Media Communications into the
Rapid Assessment of Sudden Onset Disasters",
Social Informatics, 8851, 2014, pp. 444–461. DOI:
10.1007/978-3-319-13734-6_32.

[29] Office for the Coordination of Humanitarian
Affairs (OCHA), Nepal: Earthquake 2015: Situation
Report No. 20 (as of 3 June 2015), 2015. [Online]
http://goo.gl/XoYC3I.

[39] J. Ziemke, "Crisis Mapping: The Construction of
a New Interdisciplinary Field?", Journal of Map &
Geography Libraries, 8(2), 2012, pp. 101–117. DOI:
10.1080/15420353.2012.662471.

