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Volume 3: Decision making and logistics in dynamic networked situations 
 
 
Introduction to the Volume 
 
This volume serves as a forum for researchers and partners with an interest in decision making 
and logistics in dynamic networked situations. It brings together scholars (and practitioners) 
from several disciplines and practices that want to understand decision making and logistics 
in crisis situations. To that end they study various contexts, including coordination in crisis 
response networks, information (over)load in case of crisis situations and information systems 
in humanitarian logistics and supply chain management. This volume has theoretical roots in 
various perspectives and disciplines such as coordination theory, complexity theory, graphical 
mathematics and supply chain management. 
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Coordination in Crisis Response Networks: Empirical Results 
of Applying Coordination Theory and Complex Networks 

Analysis 
 

Nadia Noori, Kristin Paetzold; Xavier Vilasis Cardona; 
 

Nothing is perfect. Life is messy. Relationships are complex. Outcomes are 
uncertain. People are irrational. 

Hugh Mackay 
 
 

Abstract 
 
In this chapter, we examine organizations engaged in crisis response operations based on two 
concepts: coordination processes and complex networks analysis. Usually in crisis 
management, organizations involved in response operations follow hierarchical procedures 
and protocols. These procedures and protocols are known as the “response plans”, or 
sometimes as the Incident Command Systems (ICS). However, in reality, the organizations go 
beyond the set hierarchy in the response plans and diverse groups form a network to work 
together towards achieving a common goal of saving lives and limiting casualties during and 
after a crisis situation. Differences between planned procedures and actual behaviors 
represent an interesting problem. The work presented in this chapter is an attempt to address 
those differences and to bridge the gap between the planning and reality in crisis response 
operations. The outcomes of the research work will greatly contribute to the understanding 
of the coordination specifics among groups engaged in crisis response operations. 
 

Introduction 
 
The beginnings of the 21st century witnessed several incidents and reshaped the research in 
the field of crisis management. Incidents such September 11 terrorist attacks (2001) and 
Hurricane Katrina (2005) in the USA and the Great Japan Earthquake (2011) caused many 
countries to reconsider their existing response plans and operations protocols. The Great 
Japan Earthquake (2011) was one of the incidents that required coordinated international 
efforts’ to handle an impact reached as far as the Pacific Ocean shores in Canada and the 
United States. According to Japan’s foreign ministry, 116 countries and 28 international 
organizations had offered assistance and had sent aid to the devastated areas. Japan, on the 
other hand, had specifically requested assistance from teams from Australia, New Zealand, 
South Korea and the United States (Cafarno, 2011). The 2011 Japan incident exemplifies a 

http://www.brainyquote.com/quotes/quotes/h/hughmackay231481.html
http://www.brainyquote.com/quotes/quotes/h/hughmackay231481.html
http://www.brainyquote.com/quotes/quotes/h/hughmackay231481.html


 2 

case where multinational coordination and cross-organizational efforts’ were required to the 
respond to the chain of disasters that stemmed from the earthquake. 
 
Incidents similar to the ones we described can be classified as disasters that cause disruptions 
to the routine of society, involve high levels of uncertainty and complexity, and apply stress 
on the organizational structure (Dynes & Aguirre, 1979, Bram, S. and Vestergran, 2012; Public 
Safety Canada, 2011). Over time, the complex nature and the critical impact of crises had 
proved that a single organization is not capable of responding adequately to the challenges 
imposed by the crises disruptions, which had led to pressure for organizations to work 
together in a collaborative network when responding to crises. Therefore, organizations and 
individuals groups involved crisis response often find themselves in the midst of network 
governed structures where all parties work towards shared goals, responsibilities and unified 
action to produce a common outcome (Kapucu, 2005; Moynihan, 2009; Abbasi & Kapucu, 
2012; Kapucu & Garayev, 2013). 
 
Despite the reality of how organizations are actually operating in a networked composition in 
responding to an emergency situation, the existing response plans and protocols, otherwise 
known as Incident Command Systems (ICS), are strictly hierarchical. The authority levels, 
communication channels and actor roles are based on the traditional organizational 
operations concepts (Moynihan, 2009; Kapucu, 2009). Thus far, designing “a one size fits all” 
template or unified emergency response framework to coordinate multi-organizational 
efforts and flexible enough to accommodate the different uncertainty levels in crisis situations 
has been the goal of many public administration officials, policy makers, emergency 
management experts and needless to say many groups of scholars. 
 
Hence, this imposed hierarchical arrangement of the response plans had often generated 
conflicts on the operational level when a harmonized multi-organizational collaboration is 
required. Dynes & Aguirre (1979) had highlighted this issue and introduced the notion of 
“coordination by feedback” where organizations attempt to restructure to adapt to the 
uncertainty conditions in the surrounding environment of an emergency event. A clear 
example, which was studied by several scholars, for such evolutionary processes is the 
emergency response system of the United States of America since the creation of FEMA in 
1978 (Kapucu, 2009). Kapucu (2005); Kapucu (2009); Moynihan (2009); Hossain & Kuti (2010); 
Kapucu, Bryer, Garayev & Arslan, (2010), Vasavada (2013) had examined the coordination and 
the effectiveness of response systems in the US and other countries in order to address the 
existing gap: a unified architecture for a response (or an incident management) system that 
can accommodate the response to a wide spectrum of emergencies and organizational 
coordination in a network governed structure. The common theme among cited scholars was 
the approach to study coordination and governance structure in emergency response systems 
(ICS), based on Graph Theory where applying traditional Social Network Analysis (SNA) 
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techniques are used to explain the dynamics of information flow and decision making in an 
emergency response system. 
 
The early SNA results of existing response plans for the United States and incident reports 
have shown a shift in the design of the ICS towards a more decentralized governance 
structure. Such shift can be observed in the National Response Plans of the Unites States for 
2008 and 2013 where federal agencies had more authority and moving away from a 
centralized model where FEMA served as the focal point of coordination for the response 
operations (Kapucu, 2009, Hossain & Kuti, 2010; Kapucu et. al., 2010). Nevertheless, those 
studies did not take into consideration factors like trust, authority, information flow and the 
coordination processes when the analysis was done. Similarly, Moynihan (2009) and Vasavada 
(2013) had applied SNA to analyze the network governance structure of emergency response 
networks where the trust and goal-consensus factors were included in their analysis and the 
results of the studies had demonstrated the direct effect of trust and goal-consensus on 
relationships’ formations among the network organizations (nodes). Despite the fact that 
trust was included to examine the coordination patterns, the information flow, authority 
levels and the actions propagations were not included and these factors have a direct impact 
on the direction of the relationships among the network organization (or nodes) as well as 
the formation of connections (relationships) between nodes and nodes position in the 
network (Jackson: Chapter 9, 2008). Jiu-chang, Ding-tao & Sha-sha, (2006) had examined the 
phenomena of the crisis information diffusion and its effect on decision making where a 
number of information sources and travel speed of information had an impact on the decision 
making process. Since coordination, by definition, is about managing interdependencies 
towards achieving a common goal (Crowston and Malone, 1990) then communications, 
information exchange and resource management are crucial to the coordination process 
design. As a result, the information and action propagation need to be present in order to 
gain a complete picture for the analysis of coordination dynamics in a crisis response network. 
 
This chapter seeks to demonstrate the results of another approach that is also based on Graph 
Theory and network analysis; yet it complements other work that exists in the literature. The 
approach uses Complex Network Analysis and clustering or what is called community 
detection techniques. The combination of network analysis and clustering detection allows 
for quantifying and visualizing the coordination relationships within a crisis response network 
based on information flow, type of actions, decision-making and authority levels. The current 
results of the analysis represent the first step towards constructing coordination architecture 
for a network-governed crisis response system. 
 
The chapter is organized as follows: The Background section, covers concepts of crisis 
management and principles of the Coordination Theory and Network Analysis. The 
Methodology section; covers the details of the methods used in data collection and data 
analysis. The Case Study section; includes the details of the adaptation of crisis incident of the 
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Elbe river flood in Germany is used as a base of constructing an experimental model for a 
crisis response network. Finally we conclude a discussion of the results of the research work. 
 

Background 
 

Crisis Management Response Plans and Incident Command Systems  
There are many definitions for the terms “disaster” and “emergency” but in general many of 
those definitions agree upon the fact that disasters and emergencies events that cause social 
disturbance and involve high levels of uncertainty (although Dynes (1979) describes it as 
“extreme environmental uncertainty”) and the response to such events requires coordination 
among multiple stakeholders.  
 
From operations point of view, a “disaster” is defined, 

“Essentially a social phenomenon that results when a hazard intersects with a 
vulnerable community in a way that exceeds or overwhelms the community’s 
ability to cope and may cause serious harm to the safety, health, welfare, property 
or environment of people; may be triggered by a naturally occurring phenomenon 
which has its origins within the geo-physical or biological environment or by human 
action or error, whether malicious or unintentional, including technological 
failures, accidents and terrorist acts.” 

 
Similarly, an “emergency” is defined, 

“A present or imminent event that requires prompt coordination of actions 
concerning persons or property to protect the health, safety or welfare of people, or 
to limit damage to property or the environment.”(Public Safety Canada 2011, p. 14) 
 

We learn from the above that disasters are the occurrence of events that causes the 
emergency situation, which requires intervention to prevent losses in human lives and 
infrastructure. The actions taken to prevent and respond to emergencies in a crisis require 
complex levels of multi-organizational coordination. Therefore, cross-organizational 
coordination frameworks for disaster management are essential requirements to facilitate 
crisis collaboration throughout the different crisis phases (i.e. prevention, preparation, 
response and recovery). 
 
The majority of existing crisis management frameworks are organized in a centrally ruled 
hierarchy (Richter, Huber & Lechner, 2002; Kapucu, 2009). In such frameworks organizational 
groups operate within a structure called an “Incident Command System” (ICS). ICS is a number 
of protocols describing communication and coordination between response organizations. 
ICS is the “standard operating procedure” that is used in management and training for crisis 
response and is often used in military or other highly formalized institutions, to facilitate 



 5 

collaboration among different actors in a response group. The ICS originated from the 
National Fire Academy in the United States where it was used to handle the wildfires in 
California and Arizona in the 1960’s and 1970’s (Bigley & Roberts, 2001; Kapucu, 2009; 
Moyhinan, 2009). ICS later was integrated within the National Incident Management Systems 
(NIMS), which is the official response plan instituted by the Federal Government for the 
United States. 
 
Figure (1) shows an example of the ICS in 1999 where we can see that the response agencies 
are organized in a top-down command and control hierarchy. There are four fundamental 
categories for the response groups (Operations, Planning, Logistics and Finance / 
Administration). Within each category there is a number of support agencies involved, and 
one (or more) agency is acting as the primary coordinator. 
 

 

Figure 1 Example of the 1999 ICS. (Bigley & Roberts, 2001) 

 
However, over the course of a crisis evolution, organizations (public and private), non-for 
profits, and community based associations and volunteers tend to form a network of 
hierarchies (Moynihan, 2009). These diverse groups of organizations and individuals create a 
complex environment for collaboration and coordinating tasks. Despite the existence of a 
highly structured and hierarchical crisis management framework, in reality the coordination 
dynamics takes another shape and falls into a network governed structure (Moynihan, 2009; 
Kapucu, 2009). 
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Later in this chapter, we will look at the composition of the ICS based response networks and 
how the coordination relations are forming among the divers groups engaged in response 
operations. 

Organizational Coordination and Crisis Response Networks 
In the events of emergencies and disasters, small and large scale, several organizations are 
ought to collectively coordinate the response efforts to the occurring crisis events. In such 
circumstances, the inter-organizational coordination becomes a critical factor to the success 
or failure of the response operations (Hossain and Kuti, 2010; Kapucu, Bryer, Garayev and 
Arslan, 2010). In our research, we sought the aid of coordination theory as a tool that can 
offer a framework to identify the various actors involved, activities coordinated, and 
distinguish the dependencies between actions and tasks required to achieve common goals. 
Examples of such dependencies in the case of crisis response are; sharing resources like 
rescue crews, vehicles, equipment, using government owned facilities to evacuate affected 
individuals and others examples. 
 
Coordination theory frameworks can be applied to analyze coordination actions “between” 
and “within” actors, processes and organizations by outlining the types of dependencies 
involved with achieving a certain goal within a certain context. Table (1) is a representation 
of types and examples of dependencies identified by Crowston and Malone (1994). 
 

Dependency Example of coordination process for managing dependency 

Shared resources “First come/ First serve” priority order, budgets, managerial decision, 
market-like bidding 

Task assignment (Same as shared resources) 

Producer/ consumer 
relationships 

(Left empty in the original table) 

Prerequisites constraints Notification, sequencing, tracking 

Transfer Inventory management (e.g. “Just In Time”, “Economic Order Quantity”) 

Usability Standardization, ask users, participatory design 

Design for manufacturing Concurrent engineering 

Simultaneity constraints Scheduling, synchronization 

Task/subtask Goal selection, task decomposition 

Table 1 - Examples of common dependencies between activities. Adopted from Malone, Crowston (1994) 

 
In Table 1, we find examples of coordination dependencies from different applications of the 
coordination theory. The coordination theory framework provides tools to identify the 
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problem space and variables such as context boundaries, dependencies and actors then 
design a process in order to achieve the goals (Crowston, Rubleske, Howison, 2006). That’s 
been said, Shen and Shaw (2004) had already applied Coordination Theory to the information 
flow in IT-Enabled crisis response systems. In our work, we adapted part of the coordination 
mechanisms framework (shown in Table 2) that was created by Shen and Shaw to help us 
categorize the dependencies and the links between the different parties involved in response 
operations and resources required in such operations. 
 

Generic 
Dependency  

Specific Dependency  

Activity-Actor Activity-Activity Actor-Actor 

Sharing Task assignment Activities must happen 
simultaneously  

Response personnel share a 
common source  

Flow Delegation of agent to 
tasks 

Prerequisite tasks  Sequence activities → local, 
regional, federal activities 

Fit Agents must be capable 
to perform a task 

Activities interact or have 
counter effects 

Agents must have 
compatible goals 

Table 2 - The dependencies categorization in crisis response systems. An adaptation of the coordination 
mechanisms by Shen and Shaw (2004) 

 
As shown in Table 2, there are different types of dependencies that can involve an activity, an 
actor or a response where the Sharing implies the ability to share resources, activities 
happening at the same time. In delegating tasks we can see a flow type of dependency where 
some inputs are expected from previous stages in the coordination process. Lastly, a tailored 
task that must fit the task owner describes the last type of dependency. 
 

Crisis Response Networks 
Throughout the course of the disaster response phases, different network forms would start 
to emerge and there would be different levels of interaction taking place among the actors of 
the response network. Since the disruptive events of a disaster involve high levels of 
uncertainty, such conditions would require a dynamic response and an adaptive organization 
structure to cope with the intense changes resulted from the disruptions caused by the 
disaster (Dynes and Aguirre, 1976; Kapucu, 2009; Topper, and Lagadec, 2013). 
 
Structures or systems that form under diversified and complex conditions and also involve 
groups of heterogonous actors can be described as complex networks. In crisis events or 
incidents, such conditions are strongly present and this would lead to the notion of the 
emergence of complex network in emergency response management. Levels of coordination 
and collaboration are different among the different groups inside these networks and it is yet 
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to be discovered (Hossain and Kuti, 2010; Kapucu, 2012; O’Sullivan, Kuziemsky, Toal-Sullivan, 
and Corneil, 2013). 
 
An emergency incident could be as simple as a car collision that requires the local police, fire 
department and paramedics’ intervention to respond to the event, which requires 
coordination between the responders’ teams. However, unlike the day-to-day incidents, a 
catastrophic event (such as East Japan Earthquake, 2011 or the Super Storm Sandy, 2012) 
requires a multinational and multi-jurisdictions response and high degrees of cross-
organizational collaboration. The growing complexity of the response networks creates the 
need to have a facility where authorized personnel and decision makers can have rapid access 
to information, real-time visibility and management to the situation. Such facilities are 
manifested by the command and control centers (C2C), such centers operate as dispatch 
center, surveillance center, coordination office and alarm monitoring center. The C2C is 
manned by the “Incident Commander” where he or she attains the highest authority and 
serve as the primary coordinator to orchestrate efforts in the events of wide medium to large-
scale emergencies (Bigley, and Roberts, 2001). The C2C play an important role as a focal point 
in information dissemination and decision-making process in the emergency response 
network, see figure 2. 
 

          

Figure 2 - Network members change their role (position) as events intensifies and C2 centers become hubs 
for disseminating information and commands 

 
In the event of an incident, different types of information will be flowing in a bidirectional 
manner among the members of the emergency response network. Information such as 
incident location, number of victims and incident severity would be traveling inwards from 
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other nodes to feed into the C2C nodes. Other information such as actions or commands 
would be traveling from C2C nodes outwards to other nodes. In any emergency response 
network, the path and time of information travel in the network impact the decision making 
process and it depends on the position of the response unit and the C2C in the network, see 
figure 3. 
 

             

Figure 3 - Information travel within a hypothetical Emergency Response Network 

 
Many studies had examined crisis response networks using social network analysis (SNA) 
approach, yet to understand the role of C2C and the coordination aspects in a response 
network, more work is required. 
 
Figure 4 is a modification of figure 2 where it shows the changing structures of response 
networks based on the incident scale accompanied with the annotation of different sub-
networks or clusters in response operations. Fortunato (2010) explains that real network are 
not random and there exist some order and organization within such structures. Crisis 
response networks are not much different; therefore, analyzing the clusters within the 
response network is the first step towards understanding the coordination processes 
associated with response operations. 
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Figure 4 - Sub-networks or clusters formation within crisis response networks 

 
Generally, SNA is a popular tool for capturing relationships in social structures. A network 
consists of nodes (also referred to as “vertices”, “individuals”, “agents” or “players”) and the 
relationships between these nodes/agents are referred to as “ties or edges”. An “adjacency 
matrix” is one of the representation formats for networks where g is a (n x n) matrix and n is 
the number of nodes and gij represents relationships (ties) between i and j nodes. Network 
graphs are used to visualize the mathematical representation of the network, i.e. the “g” 
matrix. Figure (5) represents an adjacency matrix of a 4 nodes network and the associated 
network graph representation (Jackson: Chapter 2, 2008). 
 

 

Figure 5 - A 4 nodes network representation (a) 4x4 adjacency matrix and (b) network graph 
representing the nodes and the ties of the network. 

 
There are several methods to perform partitioning in a network (a graph) based on predefined 
values for the number and the size of cluster such as graph partitioning, hierarchical 
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clustering, partitional clustering., Another approach used to detect clusters (or communities) 
is based on dividing the network by detecting the links between the nodes that links the 
clusters and remove them from the graph, in this case the clusters gets disconnected from 
each other. These methods are called divisive algorithms. 
There are other methods but the one we sought suitable for the purpose of the research is a 
method based on modularity, where modularity is a characteristic that measures the strength 
of dividing a network into modules (or clusters). It is the number of the links that fall within 
the given groups minus the expected value if links were distributed at random. High values of 
modularity indicate good partitions. The algorithm associated with this approach employs a 
bottom-up approach and starts with small clusters and removes them from the graph to 
continue calculating the rest of the possible clusters in the network (Fortunato, 2010). 
 

Methodology  
 
The goal of the research work is to offer an appropriate method and tools to examine the 
structures and processes involved with linking and aligning different “levels” of actors across 
and within multiple response networks (either organizations or individuals groups). As 
different “levels” of actors and activities exist around a core team, which is led by the incident 
commander, the relationship between organizations possesses unique properties that need 
to be understood. These “properties”, i.e. the “who communicates with whom, where, when 
and why, are fundamental to understanding the linkages that, when aligned and clearly 
coordinated, can make response operations successful. Such wide spectrum of actors 
involved with emergency response operations, from macro institutions to micro individual 
creates a set of complex relationships that needs to be identified and their different 
contributions mapped and measured (Kapucu, 2005; O'Sullivan, et. al., 2013). 
 
For the research purposes, we employ a set of tools to examine these sets of complex 
networks. As it was explained in previous sections, we found in Coordination Theory by 
Malone and Crowston (1990 and 1994) and its applications in computer science, business 
process design and economics (Bailetti & Callahan, 1993; Crowston et. al., 2006) a normal fit 
for the research context associated with the inter-organizational coordination in crisis 
response networks. Applying a coordination theory lens to investigate tasks and 
dependencies in crisis response operations will provide the main constructs for the 
coordination framework in a crisis response network. 
 
Further to coordination theory and in order to understand the structure of the formation of 
the temporary systems in crisis response operations, we used the SNA and clustering 
techniques as a second tool to examine the different forms of relationships within crisis 
response networks. 
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The next steps included creating a toy model for a fictitious crisis incident based on the Elbe 
River Flood in Germany in the year 2002. We reconstructed the sequence of the events and 
produced a coordination matrix that includes: names of involved organization, resources 
needed, activities conducted during the response operations. Table (3) shows an example of 
the coordination matrix that was constructed. 
 

Date Organization 
engaged  

# Of 
divisions 

Resources  Actions  

Day (1) Org 1 79 Units  Soldiers, heavy machinery 
equipment, helicopters, boats 

Establish C2, protection  
Protect bridges, transport 
roads, evacuation operation, 
work with NGO’s to erect 
evacuees camp 

 Org 2 100 squads  Policemen, specialized units 
in search and rescue, 
helicopters  

Support affected areas with 
energy + water 
Search and rescue 

 Org 3  10 units  Personnel from different 
backgrounds, equipment  

Establish C2, clear roads, 
evacuate people, cleaning oil 
leakage 

Table 3 - Example of the coordination matrix constructed for the response network 

For response networks visualization and performing network analysis (such as nodes degree 
of centrality, clustering) we used “Pajek” - (http://mrvar.fdv.uni-lj.si/pajek/), a software 
package that is available freely and developed by Andrej Mrvar, a professor of Social Science 
Informatics at the University of Ljubljana. 
 

The Elbe River Flood Mockup - A Case Study  
 
In the previous sections we described the theoretical framework that would be used to 
examine crisis response networks. For the purpose of testing our proposed framework, we 
constructed a toy model based on a fictitious case study of a flooding incident. The main 
incident timeline and the crisis response events are based on the 2002 Elbe River Flood in 
Germany. 
 
At this stage of the research, the focus was narrowed down to flooding incidents. By focusing 
the research on certain types of disasters, we are limiting the unknown factors of the testing 
environment for the toy model in order to reduce the risk of information overload throughout 
the modeling and the analysis process. 
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As we mentioned, the hypothetical model of the crisis response network was constructed 
based on the 2002 Elbe river floods in Germany. The main sequence of events, details of 
groups involved and numbers of groups of the response operations were based on 
information available publicly on the Internet, news clippings and official reports. In the 
following sections we shall describe the details of the toy model environment and the crisis 
response network. 

The Elbe River Basin description  
The Elbe streams start flowing from the mountains in the north of the Czech Republic, 
traversing through Bohemia and Saxony before entering the German North Plain and ending 
in the North Sea (See Figure 6a). In Figure 6b, we can see the topographical nature of the Elbe 
basin in the Saxony region, where the southern region is rather mountainous in the Erzgebirge 
region and the northern parts are rather flat (the lowlands in Figure 6b). The nature of the 
lands is rather steep and runs from southwest to northeast. 
 
In addition, we can see in Figure 6b, the connected network of rivers and streams running 
through the Saxony. In combination with the nature of the land, if there would be heavy rain 
falls in the mountains that would result in a very quick rising in water levels that would almost 
give no time for alerting citizens or authorities. (Richter, Huber, and Lechner, 2002; Spänhoff, 
B. Dimmer, R., Friese, H., Harnapp, S., Herbst, F., Jenemann, K., Mickel,A., Rohde, S., 
Schönherr, M., Ziegler, K., Kuhn, K., and Müller, U., 2012). 
 

 
(a) 
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(b)      

Figure 6 - The Elbe River Basin in Germany. (a) Province of Saxony, political map. (b) Province of 
Saxony, topographical map. 

 

The flood timeline  
The sequence of events and some facts were adapted from the report prepared for NATO by 
Richter, Huber, and Lechner, (2002). The flood developed through heavy rainfall and the 
officials had nearly no warning time through the flooding warning and weather information 
system. The sequence of events over 4 days is presented in Appendix A- Table 1.  
 

The German Response System 
In this section we are going to briefly explain the organization of the German Response 
System. There are three levels of authority: 

● District level or the Lower disaster management authority  
● Region level or the Higher disaster management authority  
● State Level or the highest disaster management authority 

Figure 7 and Figure 8 is adapted from Richter et al. (2002), where we can see the different 
levels of the crisis management authorities and how these levels are linked to the different 
members (i.e. BW, THW, GRC, etc.).  
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Figure 7 - The organizational structure of the German response system. (Richter, et. al., 2002) 

 

       

Figure 8 - The hierarchy of the German response system. (Richter, et al., 2002) 

 

The crisis response network and involved organizations 
Involved organizations 
Table 4 shows the organizations that were involved in the flood crisis. The table is an 
adaptation from the Richter et al. (2002) report. 
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Table 4 - Involved organizations. (Richter, Huber, and Lechner, 2002) 

The next step was constructing the response network based on the hierarchical structure of 
the involved organizations and the response network (based on data from the reports). In the 
next section we shall see the results after applying clustering techniques on both networks. 
 
Since it was difficult to retrieve information regarding the activities of the individuals in each 
organization, we constructed the network based on divisions. We divided the numbers of 
persons mentioned in Table 5 to number of divisions (units, squads, groups or platoons). Table 
2 in Appendix A, shows a list of the mapped numbers of the personnel involved to the 
corresponding divisions for each organization. The information regarding the average size of 
a Unit, Group or Platoon is based on data extracted from the Richter, Huber, and Lechner 
(2002) report or publicly available information on the organization website. 
 
After identifying and mapping the organizations involved in the crisis management forces, we 
needed to construct a coordination matrix for the division involved in the crisis response 
operation based on the events development for the flood incident as it was shown in Table 3 
in the Methodology section. 
 
As a result we have response networks for Day 1 and Day 2 based on the information 
contained in Table 3. Appendix A – table 3 and table 4 show the details for the response 
networks. 
 
Response Network 
After mapping the involved personnel to their correspondent number of divisions, we started 
constructing the “response network” based on the information available from Richter et. al. 
(2002) Report and news clippings. The information that were used for construct the network 
are:  

● Name of the organization 
● Number of engaged units 
● Description of work (tasks)  
● Involved divisions 
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As it is shown in Table 3 another round of mapping the organization divisions to a 
corresponding task or function during the crisis response phase. For example, based in 
coordination matrix of Day 1 in Table 3-Appendix A, we have 79 units of the German Armed 
Forces (Die Bundeswehr - BW) were involved in the response operations. Main tasks of units 
engaged were establishing Command and Control (C2), transportation (maintaining roads and 
bridges), and search and rescue. At that stage we assumed the following:  

BW1 is the Command and Control unit 
BW1 ⇒ BW2 - BW20 units 
BW2 - BW5==> Transport unit ==> 15 units 
BW6 - BW9 ==> Engineering unit ==> 18 units 
BW 10- BW20 ==> Search and Rescue ==> 31 units 
That step produced the following network graph:  

 

 

Figure 9 - BW subnet for Day 1 - total of 79 nodes 

 
Table 5 in Appendix A shows the unit distribution for the initial response network. In the table 
you can see that we performed the same procedure for the rest of the organizations engaged 
in the response operations. 
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The results of the previous step resulted in the network graph that can be seen in Figure (10). 
Where we can see the star shape forming in our networks that represents the hierarchies of 
each organization. 
 

 

Figure 10 - Hierarchical network form of the organizations engaged in the response operations on Day (1)  

 

Connecting the Dots 
 
After preparing the initial response network based on the hierarchies, we started introducing 
some tasks to the network and assigning units from the different organizations to these tasks. 
The assignments were made based on information listed in Table 5 in Appendix A. 
 
Examples of such tasks are transportation, medical care, search and rescue. In Tables 10 and 
11 we have listed the organizations and the number of units involved in performing the task.  
 

Organization Number of units involved 

BW 31 

BGS 45 

THW 5 

GRC 3 

FD 55 

SP 90 

Table 5 -Search and Rescue operations 
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Organization Number of units involved 

BW 18 

THW 5 

Table 6 - Transportation 

 
Afterwards we applied this information to the response network by creating cross-
organizational links between the units as shown in Tables 10 and 11. Such operation produced 
the network graph that we see in Figure 11. 
 

      
 

Figure 11 - Response network form in the response operations on Day (1) after adding the tasks for 
transportation and search and rescue.  

 
From Figure 11, we can notice that some parts are still holding the initial hierarchical 
structure. Such pattern is related to the fact that we did not engage every unit (node) in the 
suggested response network for the toy model. 
 

Dividing the network and grouping the teams 
 
After constructing the initial response and the operational tasks networks, we used Pajek 
Software to analyze both networks. In the next sections we are going to show some of the 
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results of applying clustering analysis to the networks and how such techniques provided us 
with insights regarding the structure of the response networks. 
 
The Pajek software offers different algorithms to partition a graph and to detect clusters in a 
graph. For the purposes of our analysis, we implemented the Louvian community detection 
option that is based on the Greedy algorithm and a graph modularity optimization (Blondel, 
Guillaume, Lambiotte, Lefebvr, 2008). The Louvian method is based on detecting clusters but 
optimizing the modularity values for a network partition locally. Afterwards, a new network 
is build out of the clusters detected. This approach also helps in realizing the clusters hierarchy 
if any. In our case, the Louvian method is a proper tool to investigate the new structure of the 
response networks and examine any new hierarchies that might emerge. The Pajek software 
offers the ability to control the size and the number of the clusters by adjusting a Resolution 
Factor where the value of 1 represents a standard Louvain Method and the higher the factor 
value the higher the number of communities and vice versa.  
 
In our analysis, we distinguish three different values for the resolution factor, to examine the 
variants in the network structure and the emerging hierarchies in every case. 
 
In Table (12) we can see the results of applying the cluster analysis for the initial network with 
the resolution factor values of 0.5, 1.0, and 1.5. As we mentioned earlier, the higher the 
resolution factor is, the higher the number of clusters in the network. 
 

Resolution Factor  Number of clusters Modularity 

0.5 45 0.928 

1.0 56 0.904 

1.5 61 0.886 

Table 7 - The values of the resolutions factors and associated values of modularity and number of clusters 
for the initial network.  

 
The Initial Network was created based on the divisions’ distribution listed in Table (9) for the 
organizations engaged in the response operations for Day 1. The original graph of the network 
is shown in Figure (10). 
 
After applying the clustering method to the initial network, we noticed the formation of 
clusters within the organizations themselves based on the distribution of the units. The 
hierarchical structure of the organization had created multi-tiered networks inside the 
original network. Example of that, if we look at the Saxon Police cluster (SP) in Figure (12-a 
for the Resolution Factor 1.0), there are 13 clusters forming. The number 13 matches the 
number of districts in Saxony and it is linked to our assumption of having a main police HQ in 
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every district in Saxony. So number of cluster is lined to the hierarchical organization in this 
case. In another example, we can look at the Fire Department nodes (FD). There are 12 
clusters formed based on the division assumed in Table (9), which follows the hierarchical 
organization of the command and control of the FD. The same applies for the rest of the 
organizations where the cluster formation is a reflection to the hierarchical structure of each 
organization.  
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a. Resolution Factor = 1.0 
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b. Resolution Factor = 1.5 
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c. Resolution Factor = 0.5 

 

Figure 12 - The Initial Network graphs with the different resolution factors. The higher the Resolution Factor, the more we can notice the original hierarchical structure of 
the network. 
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After analyzing the Initial Network, we applied the same procedure to the response network 
shown in Figure (11). We used the same values of the resolution factor of 0.5, 1.0 and 1.5. 
The results are listed in Table (13). We can see the decline in the number of the clusters and 
the values of modularity. This decline is a result of the new connections that were created in 
the response network based on the coordination matrix for Day 1 and units distribution listed 
in Table (10) and Table (11). The decline in the modularity and cluster numbers is a sign of the 
breakdown in the hierarchical structure of the initial network. This breakdown can be seen in 
the network graph of the response network after applying the cluster analysis. 
 

Resolution Factor  Number of clusters Modularity 

0.5 31 0.810 

1.0 40 0.762 

1.5 46 0.730 

Table 8 - The values of the resolutions factors and associated values of modularity and number of clusters 
for the collaboration network. 

 
In Figure 13 we can see the formation of two types of clusters. First type is a homogeneous 
cluster that represents the groups from the same organizations and keeps its hierarchal 
position in the network. Second type is a heterogeneous cluster that represents the groups 
from the different organizations that are engaged to perform similar tasks.
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1. Resolution Factor = 1.5 
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b. Resolution Factor = 1.0 

 



 28 

 
c. Resolution Factor = 0.5 

Figure 13 - Adding tasks (search and rescue and transportation) 
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We took a closer look at the heterogeneous clusters and we found that the clusters are a 
representation of the tasks but the numbers of the clusters did not represent the number of 
the tasks performed. The number of the clusters was a representation of the collaboration 
among the different groups. Another observation was that the heterogeneous clusters were 
mainly forming in the lower crisis management levels of the German system, as we move up 
in the system, the clusters become more homogeneous. We can see that in Figure (14a) that 
the clusters still follow the distribution of the divisions in Table (9). 
 
In Figure (14b) we have 12 clusters, 5 clusters included a mix of organizations and 7 clusters 
includes only Saxon Police (SP) and Fire Departments (FD). The FD-SP clusters are a sign of the 
close collaboration between the Fire departments and the Saxon Police on the lower level of 
the crisis management authorities. The fact that the higher level of crisis management 
authorities had declined to declare the state of emergency on Day 1 of the flood had resulted 
the police and firefighters from various towns to collaborate to form a response network and 
perform various tasks. 
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a. Homogeneous clusters 
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b. Heterogeneous clusters 

Figure 14 - Adding tasks (search and rescue and transportation) 
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Discussion and Conclusion  
 
The mockup case study of the Elbe River Flood is an example of an emergency situation where the 
responders needed to act promptly to the situation while the authorities were not at the same 
speed. This situation led to forming a response network that is shifted away from the planned 
structure in the ICS. The response network evolved based on the tasks needed for the response 
operations and the reaction of the different levels of authority in the crisis management system. 
Since each disaster is unique, therefore, if different scenarios were applied to the model, such 
action might produce different result depending on the needs and the reactions of the other 
stakeholders in the network. 
 
The actual 2002 Elbe Flood incident itself was one of the disasters that caused the crisis 
management authorities to reconsider the design of their systems (Richter, 2008). Many political, 
logistical, natural factors were causing the hierarchical flow of response operations to fail. 
Examples of such factors are the higher crisis management authorities’ position during the early 
stages of the crisis, failure of the early warning systems, the geographic nature of the region. 
 
In such circumstances, the lower crisis management authorities had to cope with the situation, as 
we see from the response network. The new network can be described as a network of functions 
or task based hierarchies. The network formation was not random but did not follow the planned 
hierarchy. In the task based response network, we were able to recognize high level of 
collaboration among the different parties from the nature of the clusters formed in the response 
network. 
 
The results found in this research show us that hierarchies do not hold in unstable environments 
such as emergency related ones. The sudden changes in the environment conditions had caused 
a pressure on the original structure of the ICS. This pressure turned the structure to an obstacle 
rather than a framework to facilitate collaboration. Despite the fact that the initial network had 
higher scores in modularity, yet this score could be deceiving because it is due to the individual 
structure of a single organization not to the overall network. And having lower modularity scores 
for the response network shows the failure of the hierarchical plan and the shift towards the task 
based structure. 
 
That’s been said, we cannot generalize the results seen in that chapter to all types of crisis 
management systems (i.e. ICS) and to all types of disasters due to political and natural reasons. 
 
That would lead us to look forward examining more cases in other political systems and other 
types of disasters to learn more from them and understand more about the behavior of the 
organizations during the crisis response. 
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Appendix A 
 

Date Description  

Day 1 Rain falls started at 20:00 hrs in the areas around the river close to the city of Dresden 

Day 2 Several small rivers in Dresden and the city’s outback strongly rise due to heavy rain 
falls in the night between August 11 and August 12. In the morning flood warning level 
II (where IV is the highest) is proclaimed for the Elbe in Dresden. The water level is at 
that time 5.27 m (2 m is normal in August). Rain goes on with 150 l/m3 per day and 
the Elbe water level furthermore increases. Emergency alert is being proclaimed. The 
river Weißeritz brakes out of the new (artificial) riverbed and flows through the 
original one and floods parts of the city. Some of the parts were never flooded before 
in history.  

Day 3 Rain goes on and the Elbe water level is at 6.66 m. The Weißeritz heavily damages the 
city districts Löbtau, and Friedrichstadt. Dresden main station is flooded by the 
Weißeritz. 1/6 of Dresden’s homes are cut from electricity. The very famous picture 
gallery “Alte Meister” located in the Zwinger and the archive of the Saxon government 
are endangered by the flood. Further second order rivers as, e.g., the Lockwitzbach 
flood the city.  

The Alert System! Weesenstein is located in the district Sächsische Schweiz. The Weißeritzkreis is an 
adjoining district to Sächsische Schweiz which officially proclaimed emergency alert at 
12.08.2002 at 13:35 p.m. without informing Sächsische Schweiz.  
   
The district Sächsische Schweiz firstly is informed on the state on emergency through 
an information exchange with the federal border police. At 14:55 at 12.08.2002 
emergency alert for Weesenstein is proclaimed.    
  
The citizens in the town are not warned. The officials have no information sourced 
from the flood warning system or from weather forecasts about the disaster 
development. Thus it was not possible to proclaim emergency alert in an early stage 
to gain planning time. Emergency alert was proclaimed because of the disastrous 
situation caused by the Müglitz.     

 Table 1 - Flood Incident timeline. Reconstructed. 
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Organization Name 
(Organization code)  

Number of divisions (units, 
squads, or platoons  

Brief Description  

German Federal Forces 
(BW) 

155000 persons => 179 (from 
Richter, et. al, 2002)  
BW1 - BW 178 

Funded by Federal Government.  
Hierarchical structure.  
Each State and district can have their own BW 
deployment 

Federal Border Police 
(BGS) 

2200 persons => 183 squads 
(Gruppe) 
*1 squad (Grp) = 12 persons 
(Wikipedia- Squad) 
BGS1 - BGS 182 
 

BGS has the same hierarchy as the BW. 
Funded by the Federal Government 

Technisches Hilfswerk 
(THW) 

2935 persons => 28 units  
(from Richter, et. al, 2002)  
*1 unit = 104 persons  
THW 1 - THW27 

Consists of 8 regional organizations that had 
668 local organization all over Germany.  
Funded by the Federal Government.  
THW is at the same level as the BBK. 

Saxon Police (SP) 12500 persons => 1041 squads 
*1 squad (Grp) = 12 persons 
(Wikipedia- Squad) 

Limited to the state of Saxony 

Fire Department (FD) 23000 persons => 230 Units 
*1 unit = 100 persons 

Each municipality has its own firefighters 
department.  

German Red Cross  
(GRC)  
 
 

7373 persons => 29 Platoons 
(From Richter et. al., 2002)  
 

 

Other NGO´s (NGO) 
 

933 persons => 10 Platoons 
(From Richter et. al., 2002)  

● Johanniter-Unfall-Hilfe (JUH) 
● Arbeiter-Samariter-Bund (ASB) 
● Malteser Hilfsdienst (MH) 
● The Deutsche 

Lebensrettungsgesellschaft (DL) 

Unorganized Volunteers 
(UV) 

VU was not included in the 
network 

Not much information was available on the 
role of the VU, therefore we did not include 
the VU in the analysis. 

Table 2 - Mapping the number of persons to divisions for the response network 
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Response network - Day 1 
 

Date Organization 
engaged  

# of divisions Resources  Actions  

Day 1 BW 79 Units  Soldiers, heavy machinery 
equipment, helicopters, 
boats 

Establish C2, protection  
Protect bridges, transport roads, 
evacuation operation, work with 
NGO’s to erect evacuees camp 

 BGS 100 squads  Policemen, specialized units 
in search and rescue, 
helicopters  

Support affected areas with energy 
+ water 
Search and rescue 

 THW 10 units  Personnel from different 
backgrounds, equipment  

Establish C2, clear roads, evacuate 
people, cleaning oil leakage 

 SP 285 squads  Policemen Traffic control, avoidance of 
plundering 

 FD 230 units  Fire Fighters, boats, fire 
engines, vehicles, 
equipment, boats  

Establish Incident Command, 
search and rescue  

 GRC 15 platoons  Personnel, medics, 
administrative, medical 
supply, doctors 

Search and rescue administration, 
missing people registration, 
medical care, first aid stations 

 Other NGO’s 10 platoons  Tents, vehicles, equipment  Evacuation operation, building 
tents,  

Table 3 - Coordination Matrix for Day 1 
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Response Network (Day 2) 
 

Date Organization 
engaged  

# of divisions Resources  Actions  

Day 2 BW 179 units Soldiers, heavy 
machinery 
equipment, 
helicopters, boats 

Establish C2, protection  
Protect bridges, transport roads, 
evacuation operation, work with 
NGO’s to erect evacuees camp, 
strengthen the dickes 

 BGS 183 squads  Policemen, 
specialized units in 
search and rescue, 
helicopters  

Support affected areas with energy 
+ water 
Search and rescue 

 THW 28 units Personnel from 
different 
backgrounds, 
equipment  

Establish C2, clear roads, evacuate 
people, cleaning oil leakage 

 SP 500 squads  Policemen Traffic control, avoidance of 
plundering 

 FD 230 units Fire Fighters, boats, 
fire engines, vehicles, 
equipment, boats  

Establish Incident Command, 
search and rescue  

 GRC 24 platoons Personnel, medics, 
administrative, 
medical supply, 
doctors 

Search and rescue administration, 
missing people registration, 
medical care, first aid stations 

 Other NGO’s 17 platoons Tents, vehicles, 
equipment  

Evacuation operation, building 
tents,  

Table 4 - Coordination Matrix for Day 2 
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Organization  Total number of 
units  

Subgroups and function  

BW 79 Units  BW1 is the Command and Control unit 
BW1 ⇒ BW2 - BW20 units 
BW2 - BW5==> Transport unit ==> 15 units 
BW6 - BW9 ==> Engineering unit ==> 18 units 
BW 10- BW20 ==> Search and Rescue ==> 31 units 

BGS 100 squads  GBS1 is Command and Control unit 
GBS1 ⇒ GBS2- GBS15 
GBS2 - GBS8 ⇒ Search and Rescue ⇒ 45 units 
GBS9 - GBS12 ⇒ Transport support ⇒ 20 units 
GBS13-GBS15 ⇒ energy + water support ⇒ 20 units 

THW 10 units  THW1 is the Command and Control unit 
THW1 ⇒ THW2 - THW10  
THW2 - THW5 ⇒ Search and Rescue 
THW6 - THW7 ⇒ Clearing roads & bridges 
THW8 - THW10 ⇒ clearing hazardous material, cleaning wreckage 

SP 285 squads  SP1 is the Command and Control unit 
SP1 ⇒ SP2 -SP 14 
SP2- SP15 ⇒ Districts main stations (Saxony has 10 districts + 3 
urban districts) 
Each SP squad between SP2-SP14 is connected to 15 SPx ⇒ each 
SPx is connected to the rest 76 (285-1-13- (13*15)) 

FD 230 units  FD1 is the Command and Control unit 
FD1 ⇒ FD2 - FD14 Incident command! in Dresden region 
FD2-14 ==> is connected to 12 fire station FDx 
each FDx ==> connected to the rest of the units 

GRC 15 platoons  GRC1 is the Command and Control 
GRC1 ⇒ GRC2- GRC15 

Other NGO’s 10 platoons  NGO1 is the Command and Control 
NGO1 ⇒ NGO2- NGO10 

Table 5 - The units distribution for Day 1 
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Abstract 
 
The ability of the decisions takers to keep up with the technological growth is often challenged. 
There is a need of alternative solutions to ease the access to essential information in a very short 
time. Here, the network modeling solution is presented as a simplification of a real world complex 
system. This, to provide an alternative impact analysis method for different threats which might 
occur in such systems. Network modeling examples are offered for different complex systems. In 
extension, visual analytics is presented as a visual reasoning technique of the impact analysis on 
complex systems. 
 
Keywords: Complex networks, complex systems, impact analysis, visual analytics. 
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Introduction 
 
Nowadays, the amount of daily generated data reaches up to 2.5 quintillion bytes (IBM 2014). This 
shows that the collection of raw data is not anymore a challenge. New techniques and tools are 
required to process this amount of data into valuable information. The methods and models are 
now facing the time challenge to be able to transform this information in a trustworthy knowledge 
(Keim et al. 2008). 
 
One example of such crucial situation for taking decisions where the amount of information 
increases with time, might be an airport incident. Just imagine a serious number of canceled flights 
in a big airport. This local situation will soon escalate and affect the air traffic in the region and the 
connecting airports as well. For this, an in-depth knowledge about the systems, and especially the 
identification of its critical spots is important to adequate decision making today (Nistor et al. 
2015). 
 
This is an open problem identified also in the literature where a set of question are guiding the 
work at hand: 
“- Who or what defines the ’relevance of information’ for a given task? 
 - How can inappropriate procedures in a complex decision making process be identified? 
 - How can the resulting information be presented in a decision-oriented or task-oriented 
way?” (Keim 2010) 
 
The aim of this contribution is to present a few examples of how complex systems could be 
modeled as complex networks in order to enhance the gain of knowledge by using such modeling, 
and how the resulting information might be presented in a decision-oriented way with the support 
of visual analytics (Nistor et al. 2015). 
 
Here, the concept of complex networks is used to simplify a real world complex system. Where 
the nodes represent the entities of the system, the connecting links between pair of nodes 
encapsulate the interrelations between these entities (Geiger, Kroll 2013). In this work, examples 
of real world transportation systems are considered (Nistor et al. 2015). In addition, the visual 
analytics concept is presented as a visual reasoning technique of the resulted network analysis for 
an impact analysis assessment (Nistor et al. 2015). 
 

Modeling Complex Systems as Complex Networks 
 
The main characteristic of a real world system is that it appears to be organized without external 
regulations enforced (Zhao, Wang 2009), and in particular, falls under some properties like: 
hierarchical organization, flow processing, heterogeneousness, and evolution (Bihanic, Polacsek 
2012). 



42 
 

 
The optimal solution to understand in-depth a real world system is to understand its structure 
(Bar-Yam et al. 2004). Similar when the system is translated to a network (Nistor et al. 2015). The 
study of networks as a simplification of real world systems is originated in discrete mathematics. 
The first researched problem was the Königsberg Bridge problem studied by Euler in 1736, and 
this has been considered the first paper on the graph theory (Biggs et al. 1986).  
 
This type of modeling enables a new set of features which increase the possibility to get more 
insights regarding the information structure of the network, and accordingly, to identify the critical 
nodes of the network. Attacks can be simulated on these nodes and the robustness and the 
resilience of the network structure can be assessed (Dehmer, Emmert-Streib 2009).  
 
The complexity of the network is given by the complex interactions of the entities of the system, 
and therefore, in the past decades the research focus of network shifted from small networks, and 
individual properties, to complex networks (Nistor et al. 2015). This because the collection of data 
is no more a challenge, and the computation of large-scale data is nowadays possible (Newman 
2003). 
 
Among the most common properties studied on complex networks are: degree distribution, 
degree correlations, community structure, the small-world effect, transitivity or clustering, mixing 
patterns, network navigation, etc. (Newman 2003; Dehmer, Emmert-Streib 2009; Dehmer et al. 
2013; Nistor et al. 2015). 
 
In the following, two complex systems are modeled and represented as complex networks. The 
first example is the Munich subway network, and the second example is the worldwide air 
transportation network. 
 
Figure 1 represents a simplified version of the Munich subway network which consists of 100 
nodes (stations) and 198 edges (connections between pair of stations). The size of the nodes grows 
proportionally with the number of trains that each station handles in a school day from Monday 
to Thursday. The information is based on the publicly available information offered by the local 
public transport company in 2015 (MVV GmbH 2015). The modeling is implemented with the R 
programming language (R Development Core Team 2008) using the software RStudio (RStudio 
Team 2015) and the network analysis package igraph (Gabor Csardi, Tamas Nepusz 2006). 
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Figure 1. A simplified version of the Munich subway network. 

 
Figure 2 represents a simplified version of the worldwide air transportation network 
(Northwestern University 2012). This network consists of 1000 nodes (airports) and more than 
35000 links (connections between pair of airports). Due to the large number of connections, the 
links are represented with two colors. The main structure of the network is represented with the 
help of 1300 red links, while the rests of the links are colored in grey (Northwestern University 
2012). Figure 2 is a clear example of the need of additional aids required by the decision takers 
when dealing with crucial situations like the one presented in the Introduction. 
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Figure 2. The worldwide air transportation network. Picture copyrights of (Northwestern 

University 2012). 
 

These examples are shown with an informative character to get the touch of a complex structure 
modeled as a network for further analysis purposes. These plots are very helpful in understanding 
the general structure, but for an in-depth analysis there is a need of interaction with the plotted 
data. For this, visual analytics is presented in the following section as a reliable solution for this 
problem. 

 

Visual Analytics for Network Data Interaction 
 
The bigger the network is, the more difficult it is to follow the interactions between the nodes 
(Nistor et al. 2015). Here, the classical techniques for visual interaction become inconvenient to 
be used for large amounts of data sets. Visual analytics is an alternative solution which could 
overcome this problem (Keim 2010; Thomas, Cook 2005; May et al.; Pak Chung Wong, Thomas 
2004; Andrienko; Hutchison et al. 2008; Kohlhammer et al. 2010; Maciejewski et al. 2010; Sun et 
al. 2013a; Zhang et al. 2012; Keim et al. 2008; Pickl 2016; Nistor et al. 2016). 
 
Visualization started to be studied as a science in 1987 (McCormick et al. 1987). In the past 
decades, the visualization science studies could be roughly divided in two main focuses like 
scientific visualization and information visualization.  
 



45 
 

Visual analytics appeared in 2004 as a combination of these two focuses (Pak Chung Wong, 
Thomas 2004). A recent definition says that “visual analytics combines automated analysis 
techniques with interactive visualizations for an effective understanding, reasoning and decision 
making on the basis of very large and complex datasets” (Keim 2010). 
 
Visual analytics aims to be “an integral approach to decision-making, combining visualization, 
human factors and data analysis” (Keim et al. 2008). And its mantra is “Analyze first, Show the 
Important, Zoom, filter and analyze further, Details on demand” (Keim et al. 2006). 
 
Figure 3 represents the Visual Analytics process (Keim 2010). This is an adaptive process where the 
decision taker (user) is at the command of the system. A series of features are available to help 
the user to better interact with the data. 
 
After the raw data is transformed to be suitable for analysis, the user can personalize his own data 
knowledge path. This can be rather done by following the visual data exploratory branch and 
directly interact with the data, or the automated data analysis branch by using predefined 
algorithms and parameter refinement to build personalized models, or a combination of both.  
 

 
Figure 3. The visual analytics process, adapted from (Keim 2010). 

 
A survey realized for visual analytics (Sun et al. 2013b) presents a wide variety of applications of 
the visual analytics process. These papers are organized based on three different key steps of the 
process: visual mapping, model-based analysis, and user interactions. In Table 1 are presented 
only the papers relevant for network applications (Sun et al. 2013b). 
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Visual Analytics Process Key 

Step 
Corresponding Articles 

Visual Mapping 

(Alper et al. 2011; Bae, Watson 2011; Brandes, Nick 2011; 
Burch et al. 2011; Crnovrsanin et al. 2011; Cui et al. 2008; 
Dinkla et al. 2012; Dork et al. 2012; Ellis, Dix 2007; Ersoy et al. 
2011; Feng et al. 2012; Gou, Zhang 2011; Hadlak et al. 2011; 
Henry, Fekete 2006; Henry et al. 2007; Holten 2006; Holten, 
van Wijk, Jarke J 2009; Hurter et al. 2011; Liu et al. 2013; Luo 
et al. 2012; Correa et al. 2012; Martins et al. 2012; Sedlmair et 
al. 2012; Selassie et al. 2011; Tanahashi, Ma 2012; Yang et al. 
2013; Yuan et al. 2012; Zinsmaier et al. 2012). 

Model-Based Analysis (Correa et al. 2012; Crnovrsanin et al. 2011; Yang et al. 2013). 

User Interactions 

(Burch et al. 2011; Crnovrsanin et al. 2011; Dork et al. 2012; 
Feng et al. 2012; Gou, Zhang 2011; Hadlak et al. 2011; Henry, 
Fekete 2006; Henry et al. 2007; Hurter et al. 2011; Liu et al. 
2013; Sedlmair et al. 2012; Correa et al. 2012; Yang et al. 2013; 
Yuan et al. 2012; Zinsmaier et al. 2012). 

Table 1. A survey of visual analytics for network applications, adapted 
from (Sun et al. 2013b). 

 
In order to enable the features that visual analytics offer, there is already a wide range of open 
source tools available. A review of such visual analytics tools is available since 2013 
(Jarukasemratana, Murata 2013). In the focus of this review are the open source tools able to 
analyze and visual explore networks with more than 10000 nodes. 
Figure 4 shows two of the most popular tools for network analysis: Cytoscape (Shannon et al. 2003) 
and Gephi (Bastian et al. 2009). 
 

 
Figure 4. Network visual analytics examples with Cytoscape (left side - picture copyrights of 

cytoscape.org) and Gephi (right side - picture copyrights of gephi.org). 
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In addition to the previous review, other important ones are available providing a list of open 
source visual analytics toolkits (Wong et al. 2012) and commercial visual analytics toolkits (Zhang 
et al. 2012). 
 

 
Figure 5. Screenshot of RStudio using igraph and ggplot2 packages. 

 
For the data scientists able to code, a good alternative is the R programming language (R 
Development Core Team 2008). The RStudio software (see a screenshot in Figure 5) provides a 
wide range of packages available for network analysis and visualization (RStudio Team 2015). The 
most representative ones are igraph (Gabor Csardi, Tamas Nepusz 2006), QuACN (Mueller et al. 
2014), NetBioV (Tripathi et al. 2014), and ggplot2 (Wickham 2009). 
 

Summary and conclusion 
 
In this work, the in-depth knowledge of the complex systems, and especially the identification of 
the critical spots problem is introduced as being important to adequate decision making today. 
The modeling of complex systems as complex networks is presented as an alternative solution to 
tackle this problem. 
 
The Munich underground network and the worldwide air transportation network are shown with 
an informative character to get the feeling of complex structures modeled as networks for further 
analysis purposes. 
 
Here, visual analytics is introduced as a reliable solution to bridge visualization, modeling and the 
user interaction. A wide range of papers for network applications are presented for the key steps 
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of the visual analytics process. In addition, important tools capable to offer the features of visual 
analytics are shown. 
 
In conclusion, the modeling of complex systems as complex networks with the support of visual 
analytics enables the visual data exploratory, and the automated data analysis. This combination 
between visualization, models and the human operator, leads to a more informed decision making 
process. 
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Abstract 
 
The purpose of this paper is to provide a structured overview into the most recent literature in the 
area of information systems in humanitarian logistics and supply chain management. The paper 
tries to identify emerging gaps and central issues being discussed in the area that might need 
further attention and generate recommendations for further research by conducting a systematic 
literature review of 46 peer-reviewed journal papers found in the year range of 2006 to 2014 
conducted as of December 2014.  
 
Keywords: Humanitarian Logistics, Information Systems, Supply Chain Management, Literature 
Review 
 
 

Introduction 
 
Humanitarian relief environments engage international relief organizations, host governments, 
the military, local and regional relief organizations, and private sector companies, each of which 
may have different interests, mandates, capacity, and logistics expertise. It is well known that 
effective aid deliveries by humanitarian organisations are majorly dependent on the effectiveness 
and joint management of resources in the complete supply chain as majority of the relief 
operations process is logistics. The purpose of a humanitarian relief chain is to rapidly provide the 
appropriate emergency supplies to people affected by natural and manmade disasters so as to 
minimise human suffering. With presence of such heterogeneous actors, all working towards the 
same goal of providing effective and timely aid deliveries, information management plays a key 
role in knowing the 3W’s i.e. Who, What, Where. Appropriate information systems (IS) are used 
by various actors to share information about affected population, their needs and knowing which 
agency is responsible for what, with what kind of skills and capacity. With the emergence of new 
technologies on a daily basis, humanitarian organisations use a variety of information systems to 
help them in their operations. The main aim of this paper is to conduct a literature review to 
understand the current state of research done in the area of information systems in humanitarian 
logistics and supply chain management. 
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The review is conducted by following a framework proposed by (Brocke et al. 2009) for literature 
search and the findings are presented in the form of emerging themes resulting in research 
questions to guide future research. The method provides a good basis to answer the broader 
research question: What are the key topics being discussed in the area of humanitarian logistics 
focussing on the role of information systems? 
 
The third section, outlines the scope of the review, definitions of key concepts and the literature 
search process. The results and analysis of the findings are presented in the fourth section 
following IT requirements profile for supply chain management software in humanitarian 
operations by (Blecken et al. 2008b) with a discussion around the emerging research agenda. The 
fifth section consists of the discussion around future research recommendations based on the 
author’s analysis of all the findings in the literature concluding in the sixth section with final 
remarks. 
 
 

Theoretical Framework 
 
In this paper, we follow the framework proposed by (Brocke et al. 2009) to conduct the literature 
search. The literature review framework summarises a methodological way to ensure the process 
of literature review incorporates rigour as part of IS research. The framework also tries to 
demonstrate how to conduct such a literature review in IS literature by identifying high quality 
articles. The framework outlines five phases where (I) first the scope of the review is defined in 
terms of focus, goal, organisation, perspective, audience and coverage following a taxonomy of 
literature reviews provided by Cooper (1988), (II) second, identification of working definitions of 
key terms and concepts being discussed in the said domain, (III) third, literature search which 
involves database, keyword, backward, and forward search, as well as an ongoing evaluation of 
sources. The emphasis is on the selection and combination of keywords for the search as a crucial 
task as the search terms sets “the parameters of the research itself” (Baker 2000). The fourth (IV) 
phase is the analysis and synthesis of the collected literature where emerging topics can be 
categorised leading to the fifth phase (V) the development of a research agenda. 
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Figure 15: Framework for literature review (Brocke et al. 2009) 

 
While many works considering those more general or technological aspects, the ongoing research 
efforts should reflect the functional requirements for humanitarian logistics software. Blecken et 
al. (2008b) propose an adjusted version of the Supply Chain Management Task Model (SCM TM) 
provided by Hellingrath and Hompel (2007). The SCM TM distinguishes between the planning 
horizons (network design, planning, and execution) and the relevant functions along the supply 
chain (linkages to suppliers, intra-organizational view, linkages to beneficiaries or customers). 
Both, the general and functional requirements will be used in order to structure the identified 
papers. Based on these outcomes most covered issues and under-researched areas will be 
identified. 
 

Methodology 
 
Following the theoretical method described above, this section describes the methodology used 
to ensure replicability and transparency of the phase wise steps undertaken to conduct this 
review.  
 

Scope of Review 
This paper focuses only on the literature available in peer-reviewed journals and is intended for 
scholars and interested in the domain of humanitarian logistics and supply chain management 
who study the role of information systems in the area. The goal of the paper is to identify central 
issues being discussed and provide a neutral representation of the research organised in a 
historical timeline based on the publication dates. The focus of the review is to identify the 
research outcomes and possible future directions drawn from the research being discussed in the 
literature resulting in formulation of possible research agenda and recommendations for future 
research. 
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Definition of Key Concepts 
The domain of the paper is humanitarian logistics and supply chain management and as mentioned 
the focus is on the role of information systems in this application area. This section outlines the 
basic concepts that are discussed in various articles and are useful to understand the topic in 
question. 
 
Wallace and Balogh (1985) mention the four categories in a comprehensive emergency 
management system as formulated by the American “Federal Emergency Management Agency 
(FEMA) as, (1) the preparatory or planning period of emergency management to include policies 
and programs to mitigate the impact of a hazard; (2) preparedness which involves training the 
organizational response and the positioning of adequate resources and their inventories for 
emergency use; (3) immediate response to the emergency to include situation assessment, critical 
resources allocation, command and control; and (4) post-crisis response and longer term 
recovery.” The four phases are also commonly referred to as the disaster management lifecycle 
today and is useful to understand the cycle of humanitarian logistics operations as a long-term 
process. This definition is the oldest definition found in the literature and subsequent definitions 
more or less are covered in this definition. 
 
Drawing the definition of Supply Chain Management (SCM) from the commercial domain which 
can hold true for the humanitarian domain, SCM can be understood as the integrated process-
oriented planning and control of material, information and financial flows along the entire value 
chain from the customer to the raw material producer with various objectives such as 
improvement of customer orientation, synchronisation of supply and demand, and reduction of 
inventory along the value chain (Kuhn, Hellingrath 2002). 
 

 
Figure 2: A typical humanitarian supply chain (Blecken et al. 2008a) 

 
Logistics has always been an important factor in humanitarian aid operations and humanitarian 
logistics is an umbrella term for a mixed array of operations which covers disaster relief as well as 
continuing support for developing regions (Jahre et al. 2007). Blecken (2009) defines humanitarian 
logistics as “the process of planning, implementing and controlling the efficient, cost-effective flow 
and storage of goods, materials and equipment as well as related information, from point of origin 
to point of consumption for the purpose of meeting the beneficiary’s requirements." 
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Humanitarian logistics, as well as business logistics, encompasses a range of activities including 
preparedness, planning, procurement, transport, warehousing, tracking and tracing and customs 
clearance (Thomas and Kopczak, 2005). It can, therefore, be concluded that the basic principles of 
managing the flows of goods, information and finances also remain valid for humanitarian 
logistics.” On a high level, Figure 2 depicts a typical humanitarian supply chain with the 
corresponding material, information and financial flows. One of the key characteristics of a 
humanitarian supply chain is the motivation of alleviation of human suffering rather than 
operating for profits, which is a key difference in the strategic goal compared to commercial supply 
chains. The social, political and the dynamic and uncertain environments in which these supply 
chains need to operate have significant implications which makes it different from a commercial 
supply chain. 
 

Literature Search Process 
To gather bibliographic data, the following databases were used: Web of Science, Science Direct, 
ABI/INFORM Global, Scopus, Emerald Insight. 
 
The first step was to formulate the search terms with relevant keywords to be used on the above 
mentioned databases as a means to sample the literature. This was done by looking at some of 
the most cited literature reviews to get a sense of different terminologies being used using the 
search keywords "humanitarian logistics" AND "literature review" using Google Scholar search. For 
example, Jahre et al. (2007) which is one of the most cited literature review laying the foundation 
for the description of humanitarian logistics, uses the following mix of search keywords 
“humanitarian”, “logistics” “humanitarian aid”, “supply chains” , “disaster relief”, “disaster 
recovery” and “emergency “ and “logistics”. To maintain clarity of focus for this paper on the word 
logistics and supply chain management research, the following set of search strings and Boolean 
operators were decided and searched for in the fields “Title”, “Abstract” or “Keywords”: 
(humanitarian logistics) OR (humanitarian supply chain) AND (information systems). The 
application of this search string returned a total of 11833 papers. The three step process used for 
further filtering was: first, database search based on above search string, secondly, filtering the 
papers based on their rankings and most number of citations and lastly, filtering based on reading 
of the literature. The abstracts and keywords were assessed manually as per the relevance of the 
subject area and the reading of the papers in the third step resulted in the number of papers being 
reduced to 46 where the year of publication ranged from 1986 to 2014. It is important to note that 
not all database searches worked the same way, therefore the application of the search strings 
were needed to be tweaked as per the search function of each database and resulting papers were 
derived appropriately. 
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Results and Discussion 
 
In this section an overview of the articles resulting from the search is outlined and further scoping 
of the relevant literature takes place. The discussion on the findings in the articles is done 
historically, oldest articles first in two relevant categories of journal types namely, journals 
consisting of words like information systems, computers, systems, technology labelled under the 
category IS and journals consisting of words logistics, operations research, operations 
management under the category labelled humanitarian logistics (HL) and supply chain 
management. The two sub-sections provide a descriptive analysis of the papers. 
 

Characteristics of Articles 
Out of the 46 peer-reviewed journal papers, 25 articles were found in journals related to 
humanitarian or disaster relief logistics, supply chain management and operations research. 21 
papers were from journals related to engineering, computers, systems, information system or 
technology. 3 papers in socio-economic planning sciences, 3 in production research and 
production economics and 3 in Disasters. One paper each was also found in Journal of Public 
Procurement, Public Library of Science (PLoS one), Journal of Defense Software Engineering, 
Science and Engineering Ethics and American Journal of Disaster Medicine. For further analysis 
and synthesis of the literature, the 20 articles from the area of logistics and operations research, 
and 21 from information systems will be used and categorised as HL and IS respectively in Table 2, 
to further limit the scope of the review to the kind of journals the papers were submitted to. The 
categorisation into the two categories helps understand the focus of the research, if they are 
coming from an operational point of view or an information systems point of view. This separation, 
however, does not mean that there is no overlap between the two categories in the papers, for 
example there were 5 papers found in hybrid journals like Computers and Operations Research. 
 
The trend in Table 2 shows that around 46% (21/46) of the papers are from the year 2014 
compared to an average of 14% (6/46) of papers in the years 2012 to 2013 each. In terms of 
research contribution across the years, the larger share of contribution type has been in terms of 
model (28/46), followed by theoretical (11/46), practical contributions (5/46) and application 
(2/46) respectively. As outlined in the table, the 46 papers identified for final review ranged from 
the year 2006 to 2014 based on literature search process mentioned above in section 3.3 and the 
last column shows the percentage distribution of the papers and their contribution type 
highlighting the mentioned numbers. 
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Table 2: Chronological overview of research contribution 

 HL IS Research Contribution 
Year Paper 

Count 
Paper 
Count 

Theory Model Application Practical 
HL  IS HL  IS HL  IS HL  IS 

2014 10 11 2 1 8 6 0 1 0 3 
2013 3 4 1 2 2 1 0 0 0 1 
2012 3 3 2 0 1 2 0 1 0 0 
2011 6 0 0 0 6 0 0 0 0 0 
2010 1 1 1 1 0 0 0 0 0 0 
2009 1 2 0 1 1 0 0 0 0 1 
2006 1 0 0 0 1 0 0 0 0 0 
Total 25 21 6 5 19 9 0 2 0 5 

% 54.35 45.65 23.91 60.87 4.35 10.87 
 

Information Systems in Humanitarian Logistics 
In this section we provide an annotated bibliography of the kind of topics being discussed in the 
IS centred journals and outline the objective and their central research contribution. The below 
mentioned picture in Figure 3 represents the emerging themes based on the abstracts of the 
papers outlined in this section to provide an overview. 
 
Day et al. (2009) studied the case of Hurricane Katrina in the year 2005 concentrating on the relief 
efforts of multiple organisations and individuals. They identified the prohibiting factors of 
information flows and their sources resulting in potential design principles for devising solutions 
capable of reducing the harmful effects of the prohibiting factors like “inaccessibility, inconsistent 
data and information formats, and inadequate stream of information, low information priority, 
source identification difficulty, storage media misalignment, unreliability, and unwillingness”. 
 
Lodree and Taskin (2009) use the scenario of hurricanes to discuss a stochastic inventory control 
problem that is relevant to practice disaster recovery planning applicable during disaster recovery 
planning and disaster relief planning citing examples such as pre-positioning efforts and planning. 
The objective of this research is determining the optimal level of supply chain readiness. 
Maldonado et al. (2010) discuss the dynamics of multi-level governance for disaster information 
systems development by integrating political science and information systems theories of multi-
level governance. Discussing the challenges of inter-organisational coordination in disaster 
response, they discuss how it influences the development of information systems both positively 
and negatively. 
 
Tinguaro Rodríguez et al. (2012) identify that infrastructure requirements of technological tools 
for disaster management exceed the capabilities of multiple organisations. They apply a general 
method of inductive rule building to natural-disaster management and propose a prototype for a 
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two-level knowledge decision support system that provides damage assessments for multiple 
disaster scenarios to humanitarian NGOs. Taniguchi et al. (2012) propose a method to provide 
decision support and conduct network analysis and resource allocation in complex emergency 
situations in the context of road networks before, during and after emergency situations. 
 

 
Figure 3: Word cloud of abstracts of selected papers of this section 

 
Hamedi et al. (2012) address the challenging problem of providing supply to the affected 
population under uncertainty and without any disruptions. They formulate a mathematical model 
for routing and scheduling of humanitarian supply transportation and their proposed approach 
can provide prompt delivery while reducing the risk of undesirable delay caused by uncertainty. 
 
Crooks and Wise (2013) discuss the link between socio-cultural information about the affected 
people in natural disasters receiving aid from humanitarian organisations by studying publicly 
available crowd-sourced information. Yang et al. (2013) introduce the term Internet of Things (IoT) 
to the field of emergency management and one of the hypothesis they make is that, “technology 
provides added value to emergency response operations in terms of obtaining efficient 
cooperation, accurate situational awareness, and complete visibility of resources.” Li et al. (2013) 
evaluate qualitative data collected from key informants in public and private sectors in the 
humanitarian sector drawing upon the technology-organisation-environment framework and 
study the key issues in collaborative deployment of free and open source software (FOSS) for 
humanitarian relief operations. Zhan et al. (2013) discuss the need for accurate disaster 
information for decision making in a multi-organisational, multi-supplier, multi-relief and multi-
affected area scenario. They propose a multi-objective optimisation model based on disaster 
scenario information updates to coordinate efficiency and equity through timely and appropriate 
decisions regarding issues such as vehicle routing and relief allocation. 
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Liberatore et al. (2014) discuss a hierarchical compromise model for the joint optimization of 
recovery operations and distribution of emergency goods in Humanitarian Logistics. Chang et al. 
(2014) conduct a simulation to the case of Chi-Chi earthquake in Taiwan to verify the performance 
of a proposed algorithm that “dynamically adjusts distribution schedules from various supply 
points according to the requirements at demand points in order to minimize unsatisfied demand 
for resources, time to delivery, and transportation costs.” Gösling and Geldermann (2014) propose 
a framework to conduct a systematic comparison of various models in operations research (OR) 
mainly to help make it easier for the decision makers in humanitarian operations to choose the 
most appropriate model for their decision making needs. 
 
Zissman et al. (2014) make an attempt to formulate the development of an assessment tool and 
data collection methodology for decision making in multi-organisational setting for disaster relief 
coordination. They outline lessons learned and recommendations from a four month study in the 
case of Haiti 2010 identifying the needs of the affected population. (Barnes et al. 2014) discuss the 
design principles and architecture of a handheld based emergency logistic program to enable first 
responders to rapidly request resources by reducing redundant operations and minimising data 
entry, so that they can perform well under stressful conditions. Mosterman et al. (2014) leverage 
the use of emerging technologies and discuss an experimental automated emergency response 
system where after a given set of requests from the field and infrastructure information, the high-
level optimisation method they propose creates a mission plan for a fleet of autonomous vehicles 
to execute the plan. 
 
Mulyono and Ishida (2014) proposed a method of improving the performance of lateral 
transhipment operations through cluster formation of shelters before the disaster event occurs. 
Abounacer et al. (2014) propose an algorithm to address a three-objective location-transportation 
problem for disaster response, where first objective is the minimisation of total transportation 
duration, second objective is minimising the number of personnel needed to operate distribution 
centres and the third objective being the minimisation of unmet demands for all demand points 
in the affected area of the disaster. Kaynak and Tuğer (2014) emphasise on inter-organisational 
coordination in humanitarian logistics and focus on discovering the clusters for collaboration 
within disaster coordination operations and discusses the clusters on different sub-regions and 
network sub-groups for humanitarian aid. Rath and Gutjahr (2014) address the problem of setting 
up the supply system with intermediate warehouses after a disaster to provide affected people 
with relief goods. They devise and test a math-heuristic for the warehouse location–routing 
problem in disaster relief.  
 

Humanitarian Logistics and Supply Chain Management 
In this section we discuss the kind of topics being discussed in the Logistics, Supply Chain 
Management and Operational Research centred journals and outline the objective and their 
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central research contribution. The below mentioned picture in Figure 4 represents the emerging 
themes based on the abstracts of the papers outlined in this section to provide an overview. 
 
Beamon and Kotleba (2006) address the key problem of irregular demand patterns and unusual 
constraints that physical supply chains in emergency relief operations need to deal with. They 
discuss this limitation and develop a stochastic inventory control model that determines optimal 
order quantities and reorder points for a long-term emergency relief response. Tatham et al. 
(2010) address various challenges in the area of humanitarian aid logistics. They discuss the 
application of commercial supply network management (SNM) theory in the area of humanitarian 
aid logistics. 
 

 
Figure 4: Word cloud of abstracts of selected papers of this section 

 
Besiou et al. (2011) discuss the appropriateness of the system dynamics (SD) methodology as a 
tool for humanitarian operations decision making in the area of field vehicle fleet management. 
Nolz et al. (2011) discuss the problem of designing the logistic system using a three objective 
problem definition namely, risk measure, coverage of distribution and total travel time, and devise 
a mathematical optimisation model. Ozdamar (2011) address the last mile planning for 
distribution and pickup scenario using helicopters and describe an efficient planning system for its 
coordination. Rottkemper et al. (2011) discuss a planning situation under uncertainty where it is 
not known in advance if and where a disruption will occur which might cause additional demand 
of supplies. They propose an optimization model for such situations is developed based on penalty 
costs for non-satisfied demand.  
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Charles and Lauras (2011) acknowledge the area of humanitarian supply chains as a new applied 
field and they develop an original quantitative modelling support method based on enterprise 
modelling methodologies to formally express the nature and dynamics of a humanitarian supply 
chain. Ben-Tal et al. (2011) propose a methodology to generate a robust logistics plan that can 
mitigate demand uncertainty in humanitarian relief supply chains by applying robust optimization 
(RO) for dynamically assigning emergency response and evacuation traffic flow problems with time 
dependent demand uncertainty. Van Wassenhove et al. (2012) present two cases of application of 
operation research to adapt best practises from supply chain management to the problem of field 
vehicle fleet management in humanitarian logistics. Day et al. (2012) present the critical areas of 
where research is needed in the area where humanitarian and disaster relief supply chains 
(HDRSC) and various complicating attributes in this field, can inform research in supply chain 
management. Galindo and Batta (2013) conduct a state of the art evaluation of research in the 
field of disaster operations management and discuss research developments present in the 
operations research or management science literature. 
 
Bozorgi-Amiri et al. (2013) develop a multi-objective robust stochastic programming approach for 
disaster relief logistics under uncertainty considering not only demands but also supplies and the 
cost of procurement and transportation as uncertain parameters. Ozguven and Ozbay (2013) make 
a contribution discussing the use of emerging technologies lsuch as Radio Frequency Identification 
Devices (RFIDs) for commodity tracking and logistics. They propose a comprehensive methodology 
for the development of a humanitarian emergency management framework based on the real-
time tracking of emergency supplies and demands through the use of RFID technology integrated 
with a multi-commodity stochastic humanitarian inventory management model (MC-SHIC). Das 
and Hanaoka (2014) claim that humanitarian logistics and commercial logistics differ in terms of 
planning and designing and they discuss relief inventory modelling with stochastic lead-time and 
demand using the scenario of earthquake. 
 
Ergun et al. (2014) discuss the use of technology to facilitate coordination among various actors in 
humanitarian supply chains and they introduce a cooperative game theory model and explore 
insights about the conditions under which multi-agency coordination is feasible and desirable. 
Bhattacharya et al. (2014) discuss designing efficient infrastructural investment and asset transfer 
mechanisms by analysing their efficacy and provide policy recommendations for the design of 
humanitarian supply chains. Starr and Van Wassenhove (2014) layout the research in the field of 
humanitarian operations and crisis management (HO & CM) discussing the differences between 
traditional supply chains of profitable enterprises and humanitarian supply chain. They emphasise 
the differences in form of three objectives in humanitarian operations, namely cost effectiveness, 
the issue of equity, and the need to always base considerations on 'last-mile logistics,' that is, 
getting aid to those in most need. 
 
Altay, Pal (2014) study UN’s cluster approach to disaster response coordination with an 
information-processing view. Using agent based modelling techniques they discuss the 
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importance of information sharing by cluster leads and the value of quality of information being 
shared. Sheu (2014) proposes a conceptual model for post-disaster survivor perception–attitude–
resilience relationships and conduct a normative analysis which includes establishing survivor-
specific disaggregate attitudinal functions and a post-disaster relief–service distribution 
optimization model, based on the proposed conceptual model and hypotheses. Rennemo et al. 
(2014) propose a stochastic programming model for disaster response planning where vehicles 
available for transportation, the state of the infrastructure and the demand of the potential 
beneficiaries are considered as stochastic elements.  
 

Synthesis of Research Agenda 
From the above discussion of the articles, it is evident that the area of humanitarian supply chain 
has become a new applied field for the academic community’s consideration and almost more 
than half of the research in this has been about using quantitative techniques as optimisation 
decision-support systems, which is also in-line with one of the reviews done by Charles and Lauras 
(2011). The 46 papers appear through the year 2006 till 2014 where the number of papers in the 
year 2014 are the highest, around 46% as mentioned earlier. The following sections will provide a 
reflection on the emerging themes based on the two streams outlined above in the sections 4.2 
and 4.3 by grouping the papers in the themes, which then will be used to identify research agenda 
and recommendations for future research. 
 
Information Systems in Humanitarian Logistics 
One of the key challenges of this uncertain and dynamic environment during disaster response is 
the information flow and coordination among various organisations forming the supply chain to 
effectively deliver aid. For example, Day et al. (2009) emphasise that supply chains are quickly 
formed during disaster response and slow information flow results in major hindrance to 
coordination and allocation of resources among the responding agencies and the fact that “in 
addition to time and public pressures, disaster relief supply chains operate under extreme 
uncertainty” (Day et al. 2009, p. 640). This suggests that the quick formation of supply chains in 
uncertain and dynamic environments and the challenges in information sharing and speed of it, 
are an area that require more attention. Other authors like Lodree and Taskin (2009), Maldonado 
et al. (2010), Crooks and Wise (2013) and Kaynak and Tuğer (2014) highlight the need for 
information sharing in recovery planning and discuss the challenges of inter-organisational 
information sharing in disaster response. The other stream evident in the mentioned papers is the 
inter-organisational information sharing as methods of modelling the multi-organisational, multi-
supplier with different scenarios of disasters are being used to make optimisation plans and equip 
the decision makers better through timely information.  
 
Another emerging theme is the usage of information technologies in multiagency coordination, in 
terms of design, infrastructure and analysis using quantitative methods done by these tools which 
are discussed by Tinguaro Rodríguez et al.(2012), Li et al. (2013), Zissman et al. (2014), Barnes et 
al. (2014), Mosterman et al. (2014), Abounacer et al. (2014) and Rath and Gutjahr (2014). The 
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papers also outline the importance of different phases of disaster operations where most of the 
focus on finding a quantitative optimisation solution is on the post-disaster phase. It is important 
to understand which phase of a disaster becomes the avenue for research, as most of the research 
focuses on the first 72 hours after a disaster. The main reason for this could be that most of the 
humanitarian aid is initiated in the aftermath of a disaster and needs of the affected population is 
evaluated rapidly using various tools and information coming in from various sources. There is a 
need to focus on the preparedness and prevention of the after effects of a disaster. Various 
problems of optimisation like location-routing problem based on intermediate creation of 
warehouses and emerging new routes, creation of new route plans based on latest information 
from the field are being discussed. This implies that requirements analysis of the decision makers 
and their needs are important to be identified and supported using simulation and modelling 
techniques to conduct preparedness exercise as part of training. In terms of deployment of an 
appropriate technology infrastructure to support tools being used, is an area which can be further 
investigated and ways on which infrastructure can cater to needs of multiple organisations 
operating at the same time can be done in a better way. For instance if the government authorities 
of a state are responsible to maintain and deploy a technology infrastructure maintaining 
information systems, access to various organisations working at the local level can be provided on 
demand or in advance to facilitate information sharing and coordination. The systems can be 
distributed to provide a fail-safe mechanism and constant uptime after a disaster to prepare for 
damaged networks caused during a disaster.  
 
The third emerging theme is use of information systems in decision making and support where 
decision support systems and solutions are formulated based on the needs of response 
operations. Hamedi et al. (2012), Liberatore et al. (2014), Mosterman et al. (2014), Mulyono and 
Ishida (2014) and Abounacer et al. (2014) fall under this broader research theme. Information 
systems that provide decision support in an efficient and timely manner can prove beneficial for 
emergency response operations. Disaster operations are conducted in volatile and dynamically 
changing uncertain environments and a lot of research is being done in mathematical models in 
the area of demand and supply matching under uncertainty to be incorporated in decision support 
systems to aid operations. Taniguchi et al. (2012) highlight an important area of resource allocation 
by conducting network analysis. The distribution of goods meant as aid is an important aspect of 
the operations, and ways on how to deal with uncertainty and dynamically adjusting to the 
changing scenario is very crucial in the design of decision support systems. Depending on the 
nature of problem and decision needs, systems can be designed to provide automated scenario 
based suggestions and solutions. For example, if the latest information about the needs of the 
affected population is provided and the density of the population in a geographical region, the 
warehouse locations can accordingly be adjusted for future preparedness measures.  
 
Humanitarian Logistics and Supply Chain Management 
The last mile problem has been stated in a number of articles reviewed and it still remains a 
challenging problem as stated by Ozdamar (2011) and Starr and Van Wassenhove (2014, p. 932) 
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“while it is relatively easy to find solutions from conventional POM for a large part of the supply 
chain (e.g., pre-positioning of emergency relief supplies), last-mile problems are often enigmas. 
Mostly, we know close to nothing about how the last part of the supply chain (delivering to actual 
beneficiaries) is really accomplished.” 
 
Most common emerging theme is the application of commercial logistics and supply chain 
management knowledge and investigation around the different aspects between the commercial 
logistics domain and the humanitarian logistics domain. Starr and Van Wassenhove, Luk N. (2014), 
Tatham et al. (2010), Charles and Lauras (2011), Van Wassenhove et al. (2012), Das and Hanaoka 
(2014) are the authors that make the common point of reusing knowledge from the commercial 
domain and understanding the differences. Some of the differences outlined are various 
complicating attributes and the importance of studying them in humanitarian logistics. Differences 
like those between the planning and designing of commercial supply chains and humanitarian 
relief supply chains, and the aspect of demand uncertainty being unpredictable and depending on 
various circumstances that can change as the disaster unfolds, especially during an ongoing 
disaster. For example, circumstances during an ongoing earthquake can change if there are 
aftershocks that cause more damages. Some of the methods stated from the commercial domain 
were commercial supply network management (SNM) theory and application of system dynamics 
(SD) methodology as a tool for decision making in humanitarian operations. 
 
Designing efficient infrastructural investments and asset transfer mechanisms is a theme that is 
also discussed in the previous section and the occurrence of the same topic in this section, implies 
that this could be a common area of discussion for future research. Bhattacharya et al. (2014) talk 
about these aspects and underline the importance of making policy changes to incorporate these 
recommendations in the design of effective humanitarian supply chains. Humanitarian supply 
chains can consist of multiple agencies having distributed resources which are needed during the 
response phase. The multi-agency coordination aspect of the problem gets highlighted in this area 
and the need for better planning and investment in the supporting infrastructure is crucial. 
 
Interestingly there is only one paper that talks about post-disaster survivor perception and 
resilience, where Altay and Pal (2014) and Sheu(2014) propose a conceptual model to improve the 
post-disaster relief service mechanisms. What is important to note is that, the study of the affected 
population which is quite crucial, is mostly missing in all the other literature and this correlation 
with the earlier statement where last-mile logistics are an enigma is only validated. This tells us 
that the affected communities and the study of their behaviour and environment is an important 
missing link in the academic literature when it comes to humanitarian logistics. 
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Future Direction & Conclusion 
 
The objective of this section is to summarise the results presented in the previous chapter and 
propose future research directions based on the problems being addressed in the literature. 
Firstly, the context of humanitarian operation and the kind of organisations involved and the level 
of coordination and information sharing needed is of utmost importance. Different types of crisis 
or disaster have different level of multi-agency coordination especially when there is state 
agencies like the military involved. In that case the standard operating procedures and chain of 
command is defined and structured. In the case of humanitarian organisations following the UN 
cluster approach, which involves various kind of agencies with different mandates including the 
state, UN bodies, non-governmental agencies both at local and international level, and the context 
changes in terms of use of information and coordination strategy. Therefore one of the important 
question that can be pursued is, IT usage in multi-agency coordination. The other question that is 
important is what kind of uncertainties do the disaster relief supply chains have to operate under? 
Where the supply chain being, the local suppliers, their availability, local needs from beneficiaries 
and the sharing of information about the capacity and skills of various agencies involved. 
Understanding of the environment in which they operate is crucial and begs to be understood 
more clearly. 
 
In terms of information systems or technology being used in the humanitarian sector, it is 
important to understand the social structures and organisational structures that are relevant, as 
IT usage and personnel behaviour is an important aspect of understanding the successful adoption 
and efficiency of any information system. Therefore, it is important to understand how do inter-
organisational coordination and cooperation influence the design decisions and sustainability of 
IS in disaster relief. In terms of specific problems where quantitative methods and solutions can 
be devised are vehicle routing and planning for demand uncertainty. 
 
Based on the identified themes discussed in section 4.4.1 and 4.4.2 the following research 
questions emerge, which can form the basis of the recommendations for the future research 
directions in the area. 

1. What are the most common best practises and methods from the commercial logistics and 
supply chain management literature that are applied to the domain of humanitarian 
logistics and what are the differences? 

2. What design considerations need to be incorporated when designing information systems 
for uncertainty and dynamism in the phases of disaster operations? 

3. What can be understood about the last mile and the affected population when considering 
the humanitarian relief supply chain to enable effective humanitarian aid delivery? 

4. What kind of decision making can be most effectively supported by automated decision 
support systems being designed and how the requirements of the decision makers 
incorporated in simulation and modelling tools? 
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One of the key challenges in the domain remains the question of last mile logistics where the 
delivery of humanitarian aid is of most crucial importance. Logisticians face the challenge of the 
unknown on a daily basis and often the literature doesn’t address the needs and decision making 
challenges at the last mile. Understanding of the ground reality following a bottom up research is 
often missing in the literature and needs to be investigated more. 
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