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Executive Summary

This research sought to better understand emergent multi-organizational responses to disasters through the use of social network analysis and geographic information systems (GIS).  The network of organizations that emerged during the response to the September 11, 2001 terrorist attacks on the World Trade Center in New York was the focus of this study.  Data for the study were developed through qualitative coding of documentary materials such as government-generated situation reports and news accounts, as well as through interviews with officials in key agencies that responded to the attacks.  Extensive analyses were conducted to determine attributes of both the overall network and 42 task-specific subnetworks and to identify factors that influenced the likelihood that organizations would form ties with one another.  At a more abstract level, this research sought to understand and explain how the social order reconstitutes itself following major disruptions.
It has long been recognized that interorganizational networks spontaneously emerge in response to disasters.  Both the entities that become involved in disaster response and the relationships they develop differ significantly from both everyday interactions and what planning documents envision. Emergence occurs because by their very nature disasters present challenges that planners did not envision. Network emergence is particularly evident in large-scale disasters like the WTC event. Emergence was further encouraged following the 9/11 attacks owing to the high concentration of organizational entities and resources in the impact area and to the extent of post-disaster convergence into the area.

In carrying out this study, researchers had to address several significant challenges, including the following:

· Extracting network data from a large number of documentary sources

· Resolving ambiguities in both node (organizational) and edge (relationship) variables

· Addressing computational requirements for analyzing a very large multi-organizational network consisting of 717 nodes and over 6,600 edges

· Interpreting complex statistical findings

· Using visualization tools in ways that effectively convey relevant analytic results

· Integrating network and GIS data

· Identifying lessons for disaster management policy and practice 
In her dissertation Working on the Edge: Examining the Dynamics of Space-Time Covariates in the Multi-Organizational Networks Following the September 11th Attacks on the World Trade Center (2010), Christine Bevc presents a large number of detailed findings on the WTC EMON and the 42 task-oriented subnetworks that comprised it. General findings include the following:
· Task-specific subnetworks vary considerably in terms of their structural features, and some of this variation can be attributed to the demands presented by specific types of tasks

· Degree effects the formation of ties; organizations working with others are more likely to accumulate ties with additional organizations.  This pattern is in turn driven by organizational attributes such as organizational type and scale of operations.

· The propensity for organizations to establish ties fluctuated over the 12-day emergency response period, demonstrating the dynamic nature of post-disaster EMONs
· With respect to organizational type and the probability of tie formation, the data reveal a strong tendency for local-federal coordination—a pattern that is perhaps driven by the nature of the event (terrorism) and by the fact that New York City is the hub of a federal region

· Close proximity to the site of the attacks as well as geographic closeness of organizations’ headquarters has a positive effect on the tendency to form ties

· Intensity of involvement in multiple task-specific networks significantly increases the probability of interorganizational interaction. Patterns of organizational engagement in multiple tasks also sheds light on interdependencies that exist among tasks

In “Mapping Convergence Points in the Initial Emergency Response to 9/11,” Bevc and co-authors Ashly Barlau and Nick Passanante (both undergraduate students) use the WTC data to identify the geographic locations to which responding organizations converged.  These “convergence points” can be seen as geographic spaces at which interorganizational coordination occurs. Quadrant analysis and nearest neighbor analysis were used to develop a quantitative understanding of the location of such points. Analyses found that there were 170 unique geographic locations that were repeatedly used between one and 120 times over the 12-day emergency response period.  Major convergence points included the (relocated) New York City Emergency Operations Center, the federal Disaster Field Office, and the Disaster Portable Morgue Unit. Other significant convergence points included a staging area for medical response teams, the Jacob Javits Convention center, college campus buildings, hotels, and churches. Results show a marked tendency for convergence points to cluster around the site of the attacks. The data also reveal an increasing tendency for organizations to cluster together over time, resulting in a more focused approach to response activities. Such patterns are a manifestation of basic geographic principles such as Zipf’s “principle of least effort,” and related shortest-path, least-coast explanations for why entities and activities cluster together spatially.
Studies conducted to date on the WTC EMON dataset represent the most ambitious and comprehensive analyses ever conducted on the interorganizational networks that emerge in the disaster context. Other studies of this type have used less sophisticated analytic methods, much smaller samples, and more limited data sources.  Work with the WTC EMON dataset provides a methodological “roadmap” for subsequent investigations, providing insights on ways of carrying out many research tasks including data collection, data disambiguation and cleaning, solving computational challenges associated with very large network datasets, appropriate analytic and visualization approaches, ways of representing very complex analytic findings, methods for detecting biases in network data, dealing with changes in network composition and structure over time, and conducting analyses that simultaneously employ network and geospatial data.
These research findings have significant implications for both practice and policy.  It is important that first responders understand that considerable network emergence occurs during disasters, which means that first responders will quite often be called to interact with organizations with which they may be unfamiliar. The WTC investigations identified numerous organizations that had no official pre-designated disaster responsibilities, but that nevertheless were involved in the response. Official agencies charged with managing post-disaster emergency responses must find ways of dealing with emergence in order to take advantage of new resources and expertise. While the convergence of personnel and resources and the development of EMONS greatly increase overall response capability, they can also represent challenges for emergency management personnel, such as issues surrounding screening, credentialing, and supervision. More generally, the recognition of the significance of post-disaster emergence highlights the need to ensure that emergency response coordinators and managers receive training in principles of collaborative emergency management and network management. 
Recent presidential executive orders and federal disaster response planning initiatives have tended to stress the need for highly structured and standardized approaches to disaster management. Most notable has been the trend toward making adherence to the National Incident Management System (NIMS) mandatory for all entities that play or expect to play a role in responding to disasters.  Personnel in fire departments, emergency management agencies, and police departments are familiar with NIMS principles, but that is not the case for many other organizations that can be expected to become involved in responding to future disasters.  Studies of the WTC response, as well as a long history of research on organizations in disasters, show that under such conditions a wide variety of different types of organizations become engaged in response-related tasks, many of which are totally unfamiliar with emergency management procedures.  WTC and other research findings suggest, then, that current policies are unrealistic in light of what actually occurs when disasters strike.
SECTION C:  Research Activities (this section will provide us information for the detailed appendix that will be included along with the executive summary)
Emergent Multi-Organizational Networks in Disaster Response

This research sought to better understand emergent multi-organizational responses to disasters through the use of social network analysis and geographic information systems (GIS).  The network of organizations that emerged during the response to the September 11, 2001 terrorist attacks on the World Trade Center in New York was the focus of this research.  Data for the study were developed through qualitative coding of documentary materials such as government-generated situation reports and news accounts, as well as through interviews with officials in key agencies that responded to the attacks. An extensive dataset was compiled consisting of information on 717 organizations that were linked through over 6,000 interactions over the 12-day period that followed the attacks. Extensive analyses were conducted to determine attributes of both the overall network and 42 identified subnetworks and to identify factors that influenced the likelihood that organizations would form ties with one another.  At a more abstract level, this research sought to understand and explain how the social order reconstitutes itself following major disruptions.

Research on emergent multi-organizational networks (EMONs) in disasters is significant for RESCUE’s vision in several ways.  Among its many objectives, RESCUE has sought to develop and test strategies for delivering the right information to the right recipients in the complex and dynamic disaster environment.  A key precondition for meeting these goals is to develop an accurate understanding of the scope and scale of interorganizational interactions in the emergency period following major crisis events. Disaster plans and procedures for staffing emergency operations centers (EOCs) are generally based on the assumption that planners can determine a priori which organizational entities will play major roles in disaster response. While that assumption is to some degree valid, particularly in the case of organizational entities that have clearly-defined disaster-related responsibilities, officially-designated agencies constitute only the “tip of the iceberg” in terms of the number and types of entities that can be expected to respond to large-scale disasters. Like other studies of its kind, the WTC EMON study documented the participation of numerous organizations whose involvement could not have been foreseen before the 9/11 attacks took place. The scale of emergent organizational participation, coordination, and collaboration following disasters highlights the need for technologies that take emergence into account and at the same time raises significant technical challenges, such as the following: How can communication and information dissemination networks be developed “on the fly” during disasters as emergence occurs? How can ICT link together both official responding agencies and spontaneously mobilizing organizations and task-specific networks? What protocols can be established for information sharing among official disaster-relevant agencies and new network participants?  What is the potential for “information overload” in disasters where there is a very high level of convergence and emergence?  What kinds of information filters are needed? How is trust established in dynamic response networks?
Research Findings 
(Summarize major research findings over the past 7 years).)
The study of various types of networks that emerge in the context of crises (e.g., communication and coordination networks) is a nascent field that holds considerable promise.  As this work and studies by RESCUE team member Carter Butts and others have shown, the study of emergent networks can help to address a wide range of questions concerning disaster-related social phenomena, such as how activities are organized in response to new and unanticipated task demands; how patterns of individual and organizational interaction are altered by disaster events; what accounts for emergent forms of leadership; how new information is shared during disasters; and how pre-existing factors such as geographic proximity affect interaction patterns. 
EMONS are a major source of community resilience to disasters. Organizations join networks in response to locally-identified needs, which can enhance response effectiveness. Their decentralized structure helps to overcome problems associated with overly hierarchical disaster management strategies. Their dynamic properties both reflect and enhance the need for adaptive disaster responses. Some network members act as information brokers and boundary spanners, which can improve situational awareness. More generally, EMONs provide a means for harnessing the talents and resources of entities that may have no involvement in, or even awareness of, official disaster management activities, including private-sector entities. Recognizing the unique properties and capabilities of networks, in 2009 DHS asked the National Research Council to sponsor a workshop and prepare a report on how social network analysis can be used to enhance community disaster resilience.  The workshop report contains recommendations on a number of potential applications of network methodologies to improve interorganizational and public communications; enhance multi-organizational situational awareness during disasters; identify what factors help organizations perform effectively during disasters, provide quantitative evidence of community adaptive capacities, and track changes in resilience capacities through the collection and analysis of baseline and post-disaster network data.  The report summary states that (National Research Council 2009:43)

In the same way that the adoption of geographic information system (GIS) technologies has changed how decisions are made, the adoption of SNA [social network analysis] has the potential to revolutionize the way in which organizations and communities function in general, and prepare and respond to disasters in particular.

Studies conducted to date on the WTC EMON dataset represent the most ambitious and comprehensive analyses ever conducted on the interorganizational networks that emerge in the disaster context. Other studies of this type have used less sophisticated analytic methods, much smaller samples, and more limited data sources.  Work with the WTC EMON dataset provides a methodological “roadmap” for subsequent investigations, providing insights on ways of carrying out many research tasks including data collection, data disambiguation and cleaning, solving computational challenges associated with very large network datasets, appropriate analytic and visualization approaches, ways of representing very complex analytic findings, methods for detecting biases in network data, dealing with changes in network composition and structure over time, and conducting analyses that simultaneously employ network and geospatial data.
The WTC EMON dataset served as the basis for a doctoral dissertation in sociology.  Findings discussed in the dissertation include the following:
· Task-specific subnetworks vary considerably in terms of their structural features, and some of this variation can be attributed to the demands presented by specific types of tasks

· Degree effects the formation of ties; organizations working with others are more likely to accumulate ties with additional organizations.  This pattern is in turn driven by organizational attributes such as organizational type and scale of operations.

· The propensity for organizations to establish ties fluctuated over the 12-day emergency response period, demonstrating the dynamic nature of post-disaster EMONs

· With respect to organizational type and the probability of tie formation, the data reveal a strong tendency for local-federal coordination—a pattern that is perhaps driven by the nature of the event (terrorism) and by the fact that New York City is the hub of a federal region

· Close proximity to the site of the attacks as well as geographic closeness of organizations’ headquarters has a positive effect on the tendency to form ties

· Intensity of involvement in multiple task-specific networks significantly increases the probability of interorganizational interaction. Patterns of organizational engagement in multiple tasks also sheds light on interdependencies that exist among tasks

More generally, this and other work on disaster response networks conducted under the auspices of RESCUE constitute groundbreaking research in several respects.  They provide a new way of conceptualizing and characterizing how social systems respond in disrupted environments.  Through the use of network-analytic methods, they demonstrate how organizations and activities begin to cluster around disaster-generated tasks and how such clusters change over time. When integrated with geospatial data, the make it possible to test a variety of hypotheses concerning how and why networks form and how particular places and spaces emerge as focal points for collaborative activity. Network analysis is used extensively to address a wide range of topics in many disciplines, but these RESCUE-sponsored studies are the most methodologically advanced efforts ever conducted in the field of disaster research. Collecting network data in disaster contexts poses major challenges not faced in conventional network research—including the fact that such data are quite often perishable—and the work described here constitutes a major accomplishment  overcoming those challenges.
Research Contributions 

This research contributes significantly to the fields of disaster research, mathematical sociology, and computational social science.  
Data were used for Christine Bevc’s doctoral dissertation in sociology. Owing largely to her network-analytic skills in the field of disaster research, Bevc was offered and has accepted a four-year postdoctoral research position at the Gillings School of Global Public Health at the University of North Carolina at Chapel Hill.
Bevc’s research has generated considerable interest outside the social sciences. For example, while still a graduate student, she was invited to present at workshops at the Center for Discrete Mathematics and Theoretical Computer Science at Rutgers University and at Georgetown University, as well as at a workshop on disaster resilience sponsored by DARPA and the MITRE Corporation.
Remaining Research Questions or Challenges 
The analysis of disaster response networks is a new field that involves many research questions and challenges. Examples include:

· Identifying new and less labor-intensive ways of collecting network data following disasters, including the use of ICT
· Exploiting supercomputing resources in the analysis of network data

· Collecting data following multiple disasters to enable cross-event comparisons
· Exploring different methods for network visualization
· Exploring the evolution of networks over time and in comparative context
Success Stories / Major Scientific Achievements 

(Use this section to highlight what your project has achieved over the last 7 years.  This is your opportunity to publicize your advancements and look back over our many years together and find those nuggets that really made a difference to science, first responders, etc.)

SECTION D: Education-Related Information
Educational activities:
With separate funding, but based on knowledge obtained through RESCUE support, Christine Bevc developed a course module on “Networks and Preparedness” for the National Consortium for the Study of Terrorism and Responses to Terrorism, a DHS Center of Excellence headquartered at the University of Maryland.

Training and development:

(Internships, seminars, workshops, etc., provided by your project.  Seminars/workshops should include date, location, and presenter.  Internships should include intern name, duration, and project topic.)  What PhD students have graduated?
Education Materials:

(Please list courses introduced, taught, tutorials, data sets, creation of any education material of pedagogical significance that is a direct result of the RESCUE project).
Internships: 
(Please list)
SECTION E:  Outreach Related Information
Additional outreach activities: 
Conferences:
Marcum, C. S., C. A. Bevc, and C. T. Butts. “Mechanisms of Control in Emergent Multiorganizational Networks.” Paper presented at the Annual Meeting of the American Sociological Association, San Francisco, Aug. 8-11, 2009.

Bevc, C. “Tasks over Time: Exploring the Evolution of an Emergency Response.” International Research Committee on Disasters Researchers Meeting, International Research Committee on Disasters (RC 39), International Sociological Association, Boulder, CO, July 18-19, 2009.

Bevc, C. “Considerations in Geographically-Embedded Networks.” Paper presented at the Sunbelt XXIX International Social Network Conference, San Diego, March 10-15, 2009.

Bevc, C. A., N. Passanante, and A. Barlau, “Mapping Convergence Points in the Initial Emergency Response to 9/11. Paper presented at the Annual Meeting of the Midwest Sociological Society, Chicago, April 4-7, 2007.

Bevc, C. A., C. T. Butts, B. E. Lind, S. Liu, M. Petrescu-Prahova, J. Sutton, and K. Tierney. “Predictors of Dyadic Interaction in Emergent Multiorganizational Networks Following the World Trade Center Attacks.  Paper presented at the XXVI International Sunbelt Social Network Conference, Vancouver, April 27, 2006.
Group Presentations:
(Please list)
Impact of products or artifacts created from this project on first responders, industry, etc.    
(Are they currently being used by a first-responder group? In what capacity? Are they industry groups that are interested in licensing the technology or investing in further development?).
None at this time.
� National Research Council 2009. Applications of Social Network Analysis for Building Community Disaster Resilience. Washington DC: National Academies Press.
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