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Abstract

Immediately after a major disaster, such as the terrorist attacks on September 11, 2001, there is a vacuum of leadership.  Through either accident or design, a leadership structure arises to take over the task of coordinating the rescue and restore operations.  This emergent integrated crises management unit ICMU becomes the focal point of a vast network of rescue workers.  The details of the structure and dynamics of this network can be studied using theories from social network theory and graph theory (Wasserman and Faust, 1994).  A better understanding of the network can lead to a more rapid coalescing, hence, increasing effectiveness of a rescue effort.
Introduction

With the onset of a disaster, natural or man made, emergent integrated crisis management units (ICMU) arise to rescue and restore conditions (Topper and Carley, 1967).  The primary tasks to be carried out by these units are 1) saving lives, 2) tending to the wounded, and 3) saving property (Comfort, 1999).  Secondary tasks are feeding, housing and clothing the survivors.  A tertiary task might be that of providing counseling to both survivors and rescue workers. 

To be effective, ICMUs rely on information, which changes very rapidly as the disaster unfolds.  Therefore, they must have access to the knowledge of the latest conditions and trends.  This information must then be analyzed and acted upon, at which point the information cycle is repeated.  Of particular interest are how this information is acquired and disseminated, and what affect this has on the functioning of the ICMU and the relief effort as a whole. 
While there have been greater disasters in terms of loss of life, the terrorist attacks on the World Trade Center towers on September 11, 2001 afford an unprecedented look into the operation and configuration of an ICMU in a rapidly changing, disaster environment.  Television camera persons and newspersons were on the spot to record events as they unfolded, and the area was urban which means there were many recorders of the history of the event. 

One way to analyze an emergent meta-organization such as an ICMU is to use social network theory (Topper & Carley, 77).  This theory or set of theories, with its borrowings from graph theory allows a look into social networks that would be hidden to the standard methodology off organization theory.  This paper concerns itself, though, with the methodology of gathering and analyzing the data.

Methodology
To determine the social network structure of the ICMU, articles in editions of the New York Times from September 12, 2001 to September 21, 2001 were visually scanned for appropriate content.  This method was used to analyze the Exxon-Valdez disaster, and yielded reasonable results (Topper and Carley, 1997).  First, the database Lexus-Nexus was searched with the key-words “World Trade Center” and “terrorist.”  The number of articles from this search that were scanned each day is shown in Table 1.  The agencies and agents involved in the first day following the disaster (September 12) were selected as the agents of study (Figure 2).  No significant agencies or agents turned up after the first day.  News articles only were scanned.  Such things as sports, editorials and op ed pieces were not.
Several ad hoc rules were followed in coding:   The first was that the items were only tallied if they took place in New York City or emanated from the office of the governor of New York State.  The second was consistency (ferryboat = boat carrying passengers every time whether or not it was an actual “ferryboat”).  The third was not using an article, which was a rehash of an earlier article on the day or from the previous day.

	Date
	Number of Articles

	9/12/01
	119

	      9/13/01
	145

	9/14/01
	139

	9/15/01
	118

	      9/16/01
	          168

	9/17/01
	127

	9/18/01
	144

	9/19/01
	151

	9/20/01
	167

	9/21/01
	183


Table 1

No national figures (e.g. President Bush) or activities (e.g. a speech by the Secretary of State) were looked at.  They were or occurred in too many places at the same time.  Some judgment was used with respect to the actual communication between two items but usually if two items were mentioned in the same article, they were considered a hit.  (Note: “airlines” does not include hijacked planes).
The inclusion of elements of the civil infrastructure (e.g. subway, bridge, etc.) is an attempt to determine if these elements can be included in the social structural network of IMCUs or their constituent parts, and if so, is there any value in doing so.  If there was information content in the presence or absence of an element (a highway overpass, for instance), then it would have to be included in any dynamic model.  In this study, in a sense this is already done, e.g., “firefighter” could be considered a surrogate for “fire engine.”

For the coding itself, the articles that mentioned target agencies become row headers of a matrix.  The agencies constitute the column headers.  Thus, if “fire fighters” are mentioned in article 17, the intersection of “fire fighters” and article 17 has a one added to it (Figure 3).  Agencies mentioned more than once in an article are only counted once.

There is one communication matrix for each of ten days, starting from “September 11th-September 12.”  There were no articles printed on September 11, so the first matrix is “11 Sept. to 12 Sept,” the 11th being the day reported on, the 12th being the day the article was printed.  In coding, an attempted was made to restrict the tallying to items on the previous day, but there may have been instances when an item occurring on the day of printing was included.  In particular, there may be events that occurred on the 11th being reported on the 13th or even 14th.
	Agent/Agency


	Agent/Agency
	Agent/Agency

	 1.  New York Police Dept.
	17.  Medical examiner
	33.  Subway

	 2.  New York State Police
	18.  Medical, misc.
	34.  Bus (local)

	 3.  Port Authority Police
	19.  Rescue workers
	35.  Bus (interurban)

	 4.  FBI
	20.  Construction workers
	36.  Trans., not specified

	 5.  Private Security Co.
	21.  Gas
	37.  Train

	 6.  Police, not specified
	22.  Electric
	38.  Airlines

	 7.  Fire fighters
	23.  Water
	39.  FAA

	 8.  Fire chief
	24.  Cell  phone
	40.  FCC

	 9.  Emergency. Med. Tech.
	25.  Land line
	41.  FEMA

	10. Private ambulance
	26.  Walkie talkie
	42.  EPA

	11.  Ambulance, not specified
	27.  Single side band radio
	43.  Red Cross

	12.  Triage
	28.  Satellite phone
	44.  Mayor

	13.  Morgue
	29.  Comm., not specified
	45.  Civic government

	14.  Hospital
	30.  Ferry
	46.  Governor

	15.  Doctors
	31.  Bridge
	47.  National Guard

	16.  Nurses
	32.  Tunnel
	


Figure 2

	Agents

	Article Numbers
	
	NYFD
	NYPD
	Morgue
	Mayor
	

	
	17
	1
	0
	0
	1
	

	
	22
	1
	1
	0
	0
	

	
	36
	0
	1
	1
	1
	

	
	40
	0
	0
	1
	0
	


Figure 3
A number of different kinds of agencies and agents were selected as elements in the ICMU matrix.  These were not only “policeman,” and “fireman” but also parts of the infrastructure such as bridges and tunnels.  It might be argued that concrete and steel cannot communicate, but whether this is so or not, they play a part in any rescue and restore event.  In any event, the tallying procedure made it easy enough to code them, and an attempt made to analyze the part they played in communication and rescue will be examined.
Once the article by agent matrix is completed—that is, all of the agents have been matched up with the appropriate articles that transpose of the article is taken, and the original matrix is multiplied by it:
AT x A
This transforms the original “article x agency” matrix into an “agency x agency” matrix.  In this matrix, the intersections that are non-zero represent two agencies that are both mentioned in the same article at least once.  The assumption is being made here that such a mention indicates that the two agents are communicating with each other.  The numbers appearing in the intersections represent the number of times two agencies were co-mentioned.  

The values in the diagonal of the matrix represents the total number of times that agency was mentioned.  In the upper half of the matrix, the number of agency ax’s mentions divided by the number of agency’s diagonal yields the percentage of times agency x was mentioned with agency y (a value of 0.66 would indicate that agency x was mentioned 2 out of three times that agency y was mentioned).  While this is interesting information, it is not further used.

The inclusion of elements of the civil infrastructure (e.g. subway, bridge, etc.) is an attempt to determine if these elements can be included in the social structural network of IMCUs or their constituent parts, and if so, is there any value in doing so.  If there was information content in the presence or absence of an element (a highway overpass, for instance), then it would have to be included in any dynamic model.  In this study, in a sense this is already done, e.g., “firefighter” could be considered a surrogate for “fire engine.”

The two areas of interest are the social network structure each day, and how it changes over time.  The analysis was done with the software package known as UCINET (Borgatti, et al, 2002)
Two centrality measures were calculated for each agency.  These were “betweenness” and degree (Freeman, 1979).  Degree is the number of nodes (other agencies) that the agency is directly tied to.  As social networks of different sizes may be being compared, degree is divided by the total number of possible ties, N-1, giving nDegree.  In matrix terms, 
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where a(pi, pk) = 1 if and only if pi and pk are connected by a line, 0 otherwise.


In the case of these data, as we are comparing the same set over a ten day period, the raw degree was used.


Betweenness of a node can be thought of as the probability that a geodesic between two other nodes will pass through the given node.  A geodesic is the shortest path between two nodes.  There may be more than one shortest path
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where gij = the number of geodesics linking pi and pj

and gij (pk) = the number of geodesics linking pi and pj that contain pk.

Betweenness and degree scores are shown for the top five agents (nodes) for the ten days in Table 4.


It is hypothesized that that form of each daily network has a bearing on the form of the next day’s network.  To approximate a degree of sameness, the Hamming distance was calculated for each pair of network matrices (9/12-9/13, 9/13-9/14 etc.) to determine their similarity.  The Hamming’s difference may be thought of as the number of bits that have to change state for two binary strings to be similar.  So, for
1 0 1 1 0 0  
0 1 1 1 0 1

The first, second and sixth bits have to change state; therefore, the Hamming’s distance is three.  Since the network matrix is binaryized, the matrices themselves can be compared a[image: image4.emf]0
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  Figure 1

and a Hamming’s distance found for each pair.  These differences are given in Figure 1.

	Degree
	
	Betweenness

	
	12-Sep
	
	
	
	17-Sep
	
	

	1
	Mayor
	
	Mayor
	1
	Rescue
	
	Train (all)

	2
	NYFD
	
	Airlines
	2
	NYPD
	
	NYFD

	3
	Rescue
	
	Train (all)
	3
	Mayor
	
	Rescue

	4
	Ambulance
	
	NYPD
	4
	Governor
	
	NYPD

	5
	Cell phone
	
	Ambulance
	5
	NYFD
	
	Const.

	
	
	
	
	
	
	
	

	
	13-Sep
	
	
	
	18-Sep
	
	

	1
	Police
	
	Police
	1
	NYFD
	
	NYFD

	2
	Rescue
	
	NYFD
	2
	Mayor
	
	Mayor

	3
	NYFD
	
	Rescue
	3
	Subway
	
	Rescue

	4
	Hospital
	
	Morgue
	4
	Doctors
	
	Doctors

	5
	Morgue
	
	Electric
	5
	Police
	
	Nurses

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	14-Sep
	
	
	
	19-Sep
	
	

	1
	NYPD
	
	NYPD
	1
	NYFD
	
	Rescue

	2
	Tunnels
	
	NYFD
	2
	Rescue
	
	FBI

	3
	Bridges
	
	Medical n/s
	3
	Subway
	
	NYFD

	4
	Mayor
	
	PSC
	4
	FBI
	
	EPA

	5
	n/s
	
	FAA
	5
	Const.
	
	Red Cross

	
	
	
	
	
	
	
	

	
	15-Sep
	
	
	
	20-Sep
	
	

	1
	NYFD
	
	Land Line
	1
	Airlines
	
	FBI

	2
	Tunnels
	
	Police
	2
	FBI
	
	Mayor

	3
	NYPD
	
	NYFD
	3
	Medical n/s
	Airlines

	4
	Ferry
	
	NYPD
	4
	NYFD
	
	Red Cross

	5
	Subway
	
	Bridges
	5
	Red Cross
	NYFD

	
	
	
	
	
	
	
	

	
	16-Sep
	
	
	
	21-Sep
	
	

	1
	Police
	
	NYFD
	1
	Airlines
	
	Airlines

	2
	NYFD
	
	Bus (long haul)
	2
	Train (all)
	
	FAA

	3
	FBI
	
	FCC
	3
	Bridges
	
	FCC

	4
	Port Auth.
	
	FEMA
	4
	Ferry
	
	FEMA

	5
	Bridges
	
	PSC
	5
	FBI
	
	EPA


Table 4
Conclusion

This research is exploratory.   The paper is a description of the steps taken to gather and organization the data collected about the events of September 11, 2001 from the New York Times.  Further data as available from Federal Emergency Management Agency and will be used to verify the data gathered so far.


Identical steps were taken to gather and organize the data from the crash of Flight 93 in Somerville, Pennsylvania, which will be developed in parallel with the New York Data.
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