
UC Berkeley
Working Papers

Title
Complexity, information technology, and crisis management

Permalink
https://escholarship.org/uc/item/0j75p4p6

Author
Comfort, Louise K.

Publication Date
1995

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0j75p4p6
https://escholarship.org
http://www.cdlib.org/


H e) • 7



Complexity, Information Technology, and Crisis Management

Louise K. lomfcrt
Graduate School of Public akhnternationo! Affairs

University of Pittsburgh

Working Paper 95-1

Working^Papers published by the Institute of Governmental Studies provide quick dissemination of draft reports and papers, preliminary
analysis, and papers with a limited audience. The obfective is to assist authors in refining their ideas by circulating research results and to
stimulate discussion about public policy. Working Papers are reproduced unedited directly from the author's pages.



COMPLEXITY, INFORMATION TECHNOLOGY, AND CRISIS MANAGEMENT

Louise K. Comfort
Graduate School of Public and International Affairs

University of Pittsburgh

Prepared for presentation at the Conference on "Evolving
Complexity" at the University of Texas at Dallas, November 18-19,
1994 .



Complexity/ Information Technology/ and Crisis Management

Louise K. Comfort

University of Pittsburgh

Complexity and Change

The intersection between complexity and change increasingly

characterizes our social environment. As measures on these two

axes of social structure and process increase simultaneously, the

systems that we have designed to order our environment for

accomplishing goals of physical security, economic stability, and

creative expression become increasingly vulnerable and unpredict

able. Left unattended, these conditions lead to crisis.

In this paper, I examine the intersection of complexity and

change in social systems and the effect of this dynamic relation

ship upon social action. I draw upon concepts from complexity

theory to offer some preliminary hypotheses about transition in

complex systems, and examine some current advances in information

technology that may facilitate human reasoning in rapidly chang

ing, complex environments. I present observations and data from

an actual case in crisis management, disaster response operations

following the Northridge Earthquake, January 17, 1994, in refer

ence to the task of generating constructive transition in complex

systems. Finally, I offer a set of conclusions that link im

proved performance in complex systems to appropriate uses of

information technology, especially under the urgent time con

straints of crisis.

The classic linear model of cause and effect in social

action assumes that change is the product of individual effort.



That is, individuals are considered primarily responsible for the

outcomes they are or are not able to achieve. In complex, chang

ing times, this assumption becomes less reliable for many people.

Too many factors operate outside their control; too many events

occur to invalidate their reasoned plans. The social environment

appears increasingly chaotic, incomprehensible, and resistant to

individual efforts made in good faith. Individuals blame "the

system" for their failures, which they do not understand.

Ilya Prigogine, Nobel Laureate in chemistry, asserts that

the problem lies less with the social world itself than with our

understanding of its dynamics and potential creative force. In

Prigogine's (1987:102) terms, the "basic message of the second

law of thermodynamics [is that] we are living in a world of

unstable dynamical systems." In a dynamical model of human

society, there is an internal structure to social patterns of

interaction, but this system is "firmly embedded in an environ

ment with which it exchanges matter, energy, and information"

(Nicolis and Prigogine, 1989:230). The continual exchange of

energy, information, and material conditions with the environment

drives the internal dynamics of human social systems and leads to

the spontaneous reorganization of roles and behavior among the

actors in the system.

The possible loss of stability at one level of operation in

a social system need not be viewed as destructive. Rather, it may

create the opportunity for a transition to a new and more appro

priately ordered pattern of interaction between the system and



its environment (Nicolis and Prigogine, 1987:71). Understanding

this process of transition to more effective levels of system

organization and performance within the flux of the environment

and learning how to produce effective transitions in a timely,

efficient manner are critical skills that we need to develop in

both research and practice.

The capacity to make ^transitions' between different states,

an essential feature of complex behavior (Nicolis and Prigogine,

1987:36), appears to be a distinguishing characteristic between

linear and nonlinear social systems. With linear models of

policy analysis, econometrics, or trend analysis, we are able to

chart the performance of established systems within prescribed

parameters over time. However, these models do not allow us to

anticipate future states in dynamic systems or to predict with

any degree of certainty what outcomes would follow from alterna

tive courses of action. These models assume that existing condi

tions are likely to remain stable over time, and that conditions

operating in the future will function very much as they did in

the past. In a rapidly changing, complex environment, these

models are very often invalid or misleading.

In nonlinear systems, differences in initial conditions

precipitate variations in performance that increase exponentially

in processes iterated over time (Prigogine and Stengers, 1984;

Ruelle, 1991; Nicolis and Prigogine, 1987.) Two primary charac

teristics of nonlinear systems are stochasticity and irrevers-

ibility in time (Prigogine, 1987; Gell-Mann, 1994). That is.



random events set in motion sequences of reasoning and action

that differ from previous behavior in the system, generate

dynamics of selection and evolution in performance

(Kauffman, 1993), and create memories and interpretations of that

experience that produce a unique combination of choices, actions,

and reasoning that could not be predicted. Similarly, these

action and reasoning processes, once generated and instantiated

in experience and practice, cannot be reversed.

Understanding the processes of social change and learning

how to bring it about successfully, within schedule and under

budget, are urgent needs in our present society. The 1994 mid

term elections illustrated the dissatisfaction of those who

perceived that change, although initiated in reference to public

programs such as health care and employment generation, had not

been achieved as promised in the 1992 presidential campaign. In

complex environments, there are multiple variables interacting to

influence or obstruct a given course of action, generating

instead a different dynamic than the anticipated plan.

Devising means of measurement for nonlinear, dynamic systems

requires thoughtful exploration and innovative application. The

dimensions of nonlinear systems are dynamic and multiple. At

least three dimensions intersect to influence action in complex

systems. They are: 1) the degree of urgency, or time pressure,

for decision; 2) the degree of uncertainty of outcomes; and 3)

the number of actors participating in the system. As conditions

increase or decrease on any given dimension, that change directly

affects performance on the other two dimensions. The result is a



set of environmental conditions and adaptive actors operating in

a continually evolving process of dynamic change. To understand

this process and to use it constructively in designing social

action, we need methods of measurement and analysis that allow us

to assess each dimension in reference to simultaneous change in

the others.

The Characteristics and Constraints of Complex. Adaptive Systems

At least five conditions serve to constrain the evolution of

dynamic social systems. The first, and most powerful constraint,

is our limited cognitive capacity. If human problem solving

capacity derives from short-term memory and that memory is

restricted to seven items at a time, plus or minus two (Newell

and Simon, 1972; H.A. Simon, 1969, 1981), we quickly lose track

of events or conditions in which there are tens, hundreds, or

thousands of interacting variables. Our long term memory, in

contrast, is virtually unlimited (Simon, 1969, 1981) and serves

as a corrective factor in human judgment, when we have time to

reflect on the issues before us and search for corroboration in

evidence or alternative explanations.

While each of us can carefully develop a partial view of a

given slice of our environment, no one of us, alone, can compre

hend a set of measures for the whole society. Further, human

problem solving capacity tends to decrease under the stress of

urgent time pressure. In complex, interdependent systems operat

ing under tight time constraints, individual judgment is subject

to error. The urgency of time, intersecting with limited cogni-



tive capacity, is a defining dimension for complex social sys

tems .

Second, given our cognitive constraints, the design and

maintenance of social systems depends upon collaborative human

action. Since collaboration is essentially a voluntary act, this

condition acknowledges the uncertainty, a second defining dimen

sion of complex behavior, involved in initiating any course of

action. The system itself needs to include mechanisms for detect

ing and correcting error, sure to emerge from an eclectic set of

partial views. Ironically, while we often cannot see error in our

own reasoning, we can easily identify error in the reasoning of

others (Argyris, 1982, 1990, 1993). Designing means of error

detection and correction, without threatening or embarrassing the

participants in the system, requires building a normative commit

ment to discovery of the "truth," or at least to agree upon

standards of evidence and reasoning that will allow others, when

presented with the same evidence, to draw similar conclusions. A

well-developed process of professional social inquiry serves this

function of detection and correction of error in the judgments

used for policy making (Lindblom and Cohen; 1979; Lindblom,

1991).

Third, in acknowledging the role of selection and chance in

the evolution of change (Kauffman, 1993:10, 24-25), we shift the

dynamic from a deterministic to a more complex process that

includes the possibility of informed guidance and self organiza

tion in the system. Gell-Mann (1993:316) states that:



...chance plus selection pressures can lead from a simple
initial condition to highly complex forms and to complex
ecological communities comprising such forms.

The challenge is not only to recognize and describe this process

of transition between action states that produces complex sys

tems, but to understand better how it occurs so that change which

is consistent with the articulated goals of the system can be

more easily achieved and processes that negate the goals of the

system can be avoided or interrupted. Change becomes a continuing

process of discovering the "best fit" in the system's recurring

interactions with its environment (Piaget, 1980), rather than a

single, dramatic event. Further, upper and lower constraints on

action are articulated by participating system members in this

on-going process. Consequently, understanding and designing

mechanisms by which system participants engage voluntarily in

timely, constructive transition to a more efficient interaction

with their environment is as important as diagnosing the sub

stantive problem prompting the inquiry. While improved mech

anisms for self evaluation of performance will not remove uncer

tainty from the change process, such mechanisms are likely to

facilitate patterns of inquiry, reflection, and review among

system participants that will enable them to make transitions

more easily and lead to more effective outcomes.

Fourth, system performance depends upon the mix of resources

in time, materials, attention, and information available to the

participants. As the number of participants and the number of

interactions among those participants increases the number of



demands placed upon a given system, the performance of the whole

tends to drop. As vividly illustrated by Garrett Hardin (1968) in

his essay, "The Tragedy of the Commons," a given system is able

to achieve only ever poorer resolutions to shared problems

(Kauffman, 1993:51), given the constraints of time, uncertainty,

and a declining number of opportunities for choice. Poor perfor

mance, in turn, creates the necessity and/or opportunity for

transition to a new state.

Finally, in a dynamic world, stasis is not a viable choice.

If we are not seeking better means of understanding, functioning,

and coping with the environment in which we live, we diminish our

chances for reaching our goals through system performance. Unless

we are able to manage change successfully, we waste scarce

resources, especially human resources, in our efforts to create a

humane world with respect for individual dignity, creativity, and

stewardship of the environment.

Toward a Theory of Transition in Complex Svstems

Drawing upon concepts from complexity theory and field

observation of complex systems in action, I offer the following

set of preliminary hypotheses regarding the process of transition

in complex systems. This set does not yet constitute a theory,

rather represents a set of preliminary hypotheses presented

for review, disconfirmation, and further observation in actual

practice. The set includes:

1. Early detection of differences in the initial conditions
of a system's operation allows early identification of
possible variations in performance in action iterated
over time (Prigogine and Stengers, 1984)



2. Differences in initial conditions may require different
types of information distributed at different rates of
absorption to different sub-groups operating within the
system (Cohen and Levinthal, 1990)

3. A sensitive balance between structure and flexibility
within the system allows the adaptation of existing
structure to changes in information, energy, and mater-
rials from the environment and the formation of sub
groups to perform different tasks needed to achieve the
system's goal in response to different clientele needs
(Kauffman, 1993)

4. Each sub-group develops its own dynamic of learning and
action to achieve the larger system's goal (Ditto and
Pecora, 1993), while maintaining the system's focus
through information exchange

5. Without continual feedback and focus, the energy and
direction of the various sub-groups may conflict and
compete for attention and resources within the larger
system, decreasing performance (Hardin, 1969)

6. Declining performance in the system tends to dealign
attention, energy, and resources from prior commitments
and create opportunities for reallocation of system
resources in new directions (Cohen, March, and Olsen,
1971)

7. A cumulative shift in energy, action, and understanding
of the larger goal generates a refocusing of attention
among the set of sub-groups, shifting their separate
cycles of feedback on performance toward a dominant cycle
of feedback and reformulation of a common goal for the
entire system (Ditto and Pecora, 1993)

8. This dominant shift in resources, action, and attention
constitutes a redefinition of the state of the system and
produces substantive change in performance (Kauffman,
1993; Gell-Mann, 1994), or transition to a new state

This set of preliminary hypotheses proposes a beginning

model of transition in complex systems. In order to test these

hypotheses in practice, we need to develop a set of nonlinear

measures and supporting concepts that capture the dynamic ex

change of information, attention, and action both within the

system and between the system and its environment. An important



concept borrowed from the study of nonlinear dynamics in physical

systems is "state space" (Ditto and Pecora, 1993:78-80). William

Ditto and Louis Pecora (1993:78), physicists who have explored

methods of exploiting chaos in mechanical systems, define state

space as:

...essentially a graph in which each axis is associated with
one dynamic variable. A point in state space represents the
state of the system at a given time. As the system changes,
it moves from point to point in state space, defining a
trajectory...which represents the history of the dynamic
system.

Using this concept of state space, it is possible to map the

dynamic movements of a system and to identify its concentrations

and gaps in energy and action (Burt, 1992). These graphic repre

sentations of dynamics within the system may reveal sub—systems'

in operation that are functioning in a stable way, independent of

the rest of the system. These sub-systems represent sources of

energy, which if oriented in the same direction, can provide a

powerful impetus to the redirection of the entire system. By

mapping the state space, or trajectory of the dynamic movements

in an actual social system, analysts can identify where to

allocate system resources of time, energy, and attention to

enable the sub-systems to focus on the same goals simultaneously.

The resulting dynamics may shift the entire system into a newly

realigned and more effective state.

Similarly, the concept of an N-K system (Kauffman, 1993: 175-

209) describes the characteristics of self organizing systems

where N equals the number of actors in the system, K equals the

number of interactions among these actors, and P equals the *bias



for choice' among the actors, or the goal of the actors that

drives action. These three measures allow the identification of a

fourth measure — the boundaries of the system — operating in

response to specific events, times, conditions, and locations in

the wider environment. Defining the boundaries helps to identify

the relationships between types of complex systems and especially

to distinguish sub-systems within larger systems. A final measure,

D, equals the duration of the interactions among actors in the

system, acknowledging that some interactions may be intense but

brief, while others may continue over long periods of time. Other

characteristics regarding the content of transactions, sources of

support, and conditions of the environment may be identified and

mapped, but this set of measures provides an initial assessment of

the operating characteristics of a complex system.

This set of characteristics may be summarized as follows

(Comfort, 1994:306-307):

1) N = number of organizations participating in disaster
response

2) K = estimated number of interactions among participat
ing organizations

3) P = shared goal of organizations, or ^bias for choice'
in actions

4) B = boundaries of the system
5) D = duration of interactions among organizations
6) T = types of transactions performed by organizations

While these measures identify the types of information that

allow us to track the dynamic characteristics of system perform

ance, they also exceed the cognitive capacity of individual

managers to monitor their operating systems, using ordinary

methods of data collection, analysis, and static representation.

Using advanced information technology, however, it is possible to



establish monitoring and mapping techniques that allow managers

to track these characteristics of dynamic system performance and

to incorporate this information into their management processes.

The next section will present a brief summary of a selected set

of advanced information technologies that can be used to extend

human reasoning capacity in reference to complex systems.

Information Technology as Decision Support in Complex Systems

The rapid expansion and proliferation of information tech

nology and its creative application to social policy issues marks

a sea-change in organizational design and performance. The

technical capacity of computers to order, store, retrieve, and

transmit information over long distances through telecommunica

tions, as well as to perform complex calculations with this

information quickly and accurately, transforms human problem

solving capacity. No longer limited to seven items at a time

(plus or minus two), human managers can now address complex

problems in practical terms which they could only imagine before.

While many applications of advanced information technology

have been designed, developed, and put into practice, at least

three represent important advances for policy making. These are:

1) an electronic status board, coupled with interactive

communications and a layered knowledge base; 2) geographic infor

mation systems, coupled with active indexing of dynamic informa

tion; and 3) intelligent reasoning for recurring subsets of prob-



lems.^ Each application addresses at least one if not more of

the dimensions defining information processes in complex systems,

and the integrated set represents an increased technical capacity

to manage the intersecting dimensions of complex systems.

An Electronic Status Board.

Central to creative response in complex systems is suffi

cient structure to hold and exchange information (Kauffman, 1993:

208-227). An electronic status board provides technical support

to practicing managers to do exactly that. Using the design

concept of an *electronic blackboard' (Nii, 1984), this concept

has been adapted to serve the information needs of practicing

managers in hazardous materials management.^ The electronic

status board integrates incoming information from multiple

sources regarding dynamic changes in the state of hazardous

materials with stored knowledge regarding the parameters of the

community to provide a current assessment of a threatening

situation. Designed to assist practicing managers in crisis

situations, the electronic status board creates a disaster-

^These three applications are currently being integrated in
a prototype interactive, intelligent, spatial information system
(IISIS) to facilitate the management of hazardous materials in
Allegheny County, Pennsylvania. The prototype is in its second
year of development at the University Center of Social and Urban
Research, University of Pittsburgh, in collaboration with the
Center for Parallel, Distributed, and Intelligent Systems, and is
funded by Allegheny County Emergency Management Agency,
Pittsburgh, PA.

^This design is incorporated into the IISIS prototype, and
its implementation has benefited from the advice and counsel of
Bruce Buchanan, Department of Computer Science, University of
Pittsburgh.



specific knowledge base that provides timely, valid information

under conditions that require urgent response. The electronic

status board also serves to focus the attention of multiple

participants in disaster response operations on the critical

sequence of tasks in a rapidly evolving emergency.

Geographic Information System.

A rapidly developing technology, CIS combines stored knowl

edge regarding the parameters of a system with graphic represen

tation of data to policy makers. This technology, widely recog

nized as a powerful tool for planning and policy design, is

increasingly being adapted for rapid response operations when

practicing managers need to convey critical information regarding

changed conditions to many people simultaneously. When combined

with the electronic status board, incoming information can be

integrated with existing knowledge of a specific geographic area,

and the newly created map can be transmitted via telecommunica

tions to multiple managers simultaneously. For example. Map 1

identifies the degree of damage caused by the Northridge Earth

quake in the Tri-County Area of Los Angeles, Ventura, and Orange

Counties in Southern California, and Map 2 shows the location of

Red Cross and Salvation Army shelters in this area. This visual

representation of information reduces the uncertainty regarding

alternatives for action that managers confront when they are

faced with vague or conflicting information from different
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sources. Active indexing, a developing technique for represent

ing dynamic information, incorporates evolving information from a

changing environment into the map and creates an "intelligent"

map, in which the information previously stored on the map is

integrated with incoming information to provide an updated

assessment of the situation.^ This technology addresses all three

dimensions affecting action in complex systems by facilitating

the representation of timely, accurate information to multiple

managers simultaneously, and thereby reducing the uncertainty of

collaborative action.

Intelligent Reasoning.

Intelligent reasoning uses the capacity of the computer to

extend a logical sequence of steps for a given set of conditions

to calculate probable outcomes.^ Combined with incoming informa

tion from the electronic status board and visual representation

of this information to multiple managers, this capacity of the

computer allows managers to explore the probable outcomes of

different alternatives for action and to calculate the conse

quences associated with each. It contributes to reducing the

uncertainty involved in dynamic conditions, especially important

in crisis situations when a large number of managers with differ-

^ Development of this technique for active indexing is
currently underway at the Center for Parallel, Distributed, and
Intelligent Systems, University of Pittsburgh under the super
vision of S.K. Chang, Director.

^ This component of the IISIS prototype owes much to the
thoughtful supervision and work of Bruce Buchanan, Department of
Computer Science, University of Pittsburgh.



ent backgrounds and experience may be involved.

These three applications illustrate the substantial assis

tance that information technology can provide to practicing

managers as they cope with threatening situations. It enables

them to share critical information widely, while still providing

a monitoring and feedback process to each participant to keep the

system's response current and in focus. The critical test is

whether these applications can be implemented in actual practice.

Crisis Management; A Laboratorv for Complex Svstems,

While we do not yet have a case in which an integrated

interactive, intelligent, spatial information system has been

fully implemented in an actual crisis, there is sufficient

evidence from disaster operations following the Northridge,

California Earthquake, January 17, 1994 to show the potential for

using advanced information technology to facilitate the transi

tion from crisis to recovery in the rapidly evolving interjuris-

dictional disaster response system.

At 4:31 a,m, on January 17, 1994, an earthquake measuring

6,7 on the Richter scale struck the communities of Northridge,

Reseda, and Granada Hills in the San Fernando Valley, a section

of the City of Los Angeles, It is the largest earthquake to occur

in a heavily-populated urban area in California, affecting

directly or indirectly approximately three million people in

parts of Los Angeles and adjacent cities. The timing of the

event, early in the morning on a holiday weekend, contributed to

a low death toll and minimized the damage that would likely have



occurred in this area under normal daytime activities. Sixty

people died in earthquake-related circumstances, which included

19 deaths from heart attacks. Approximately 33 deaths were the

direct result of collapsed buildings. Thousands of persons

reported injuries, ranging from cuts and bruises to serious

trauma requiring hospitalization. Area hospitals reported treat

ing over 2,800 injured persons within 72 hours following the

earthquake, admitting 530 patients for hospital treatment.^ Less

traumatic, but equally urgent were the shelter and welfare needs

of nearly 33,000 people who suffered damage to their homes. The

massive scale of this disaster was mitigated only by the know

ledge that it could have been much worse, but for the fortuitous

timing of the event.

Response operations were activated immediately by the

earthquake, and carried out largely by experienced, well-trained

local organizations. State and federal organizations responded

promptly to requests for assistance, and immediately mobilized

back-up resources to support the local efforts. The first re

sponse, including urban search and rescue teams engaged in life-

saving activities, and emergency response teams engaged in

identifying and stabilizing life-threatening conditions, was

completed within 36 hours. From that point, the needs of the

community turned to restoring basic services and meeting the

basic human needs generated by the significant loss of housing.

^Earthquake Engineering Research Institute. 1994. Northridae
Earthquake, January 17. 1994. Preliminary Reconnaissance Report.
Chapter 9, Social Impacts and Emergency Response:86-89.



property, jobs, transportation, and access to other services such

as medical care and nutrition,^ The costs of this disaster, in

terms of lost public infrastructure, damage to housing, busi

nesses, schools, hospitals, and the costs of services provided to

those rendered homeless and jobless are estimated to be between

$13 and 20 billion dollars, close to the losses suffered in the

massively destructive Hurricane Andrew in South Florida and

Louisiana in August, 1992. With economic losses of this magni

tude, the Northridge Earthquake was clearly a national disaster,

as reserves and resources from the entire nation were directed

toward re-establishing the economic, social, and infrastructure

systems of the Los Angeles Basin.

The use of advanced information technology in disaster

response and recovery operations following the Northridge Earth

quake is unprecedented. These technologies include: Caltech USGS

Broadcast of Earthquakes/Rapid Earthquake Data Integration

(CUBE/REDI) system; Operational Area Satellite Information System

(OASIS); Emergency Digital Information System (EDIS); Geographic

Information System (GIS); Recovery Channel, and a major shift to

^ Detailed accounts of damage resulting from the earthquake
the numbers of individuals, households, and businesses

affected are presented in a number of sources. These include the
daily coverage of the event in the Los Anaeles Times, the situa
tion reports prepared by the Federal Emergency Management Agency
snd the California Office of Emergency Services, the transcript
of the California Seismic Safety Commission's hearings on the
response to the earthquake, and reports of professional organiza
tions such as the Earthquake Engineering Research Institute, the
Earthquake Engineering Research Center of the University of
California, Berkeley, and EQE International, an engineering firm
with offices in San Francisco and Irvine, California.



cellular telephones for intra-agency communication. Although

these technologies were operating largely through separate

entities, they had a significant cumulative effect upon disaster

reponse.

Through a combination of planning, preparedness, interactive

communication, shared commitment, and chance — or structure and

process — an interorganizational, interjurisdictional disaster

response system evolved very rapidly following the Northridge

Earthquake. Within nine days, approximately 9,000 personnel,

representing hundreds of organizations — city, county, state,

and federal, as well as private and voluntary -- were actively

working together in a coordinated effort to address the community

needs generated by the earthquake.^ On February 2, 1994, federal

and state agencies reported over 6,000 employees serving 300,000

clients in disaster response and recovery activities.® The North

ridge case provides an extraordinary laboratory to observe the

dynamics of complex, adaptive systems in action.'

^ Situation reports, FEMA and California Office of Emer
gency Services, January 27-28, 1994; Interview, Viki Doty,
Federal Emergency Management Agency, Region IX, Pasadena, OA,
January 28, 1994.

Director's Meeting, Federal Emergency Management Agency.
Disaster Field Office, Pasadena, OA, February 2, 1994.

'This section draws heavily upon a previous account of the
Northridge Earthquake in L. Comfort. 1994. "Risk and Resilience:
Interorganizational Learning Following the Northrdige Earthquake
of January 17, 1994." Journal of Contingencies and Crisis
Management. Vol.2, No. 3 (September):174-188.



While the processes to monitor accurately the number of

organizations and the interactions among those organizations were

not in place for disaster operations, it is possible to obtain a

rough approximation of organizational engagement in disaster

operations by jurisdiction and type of transaction from a content

analysis of newspaper reports. Table 1 presents the distribution

of mentions of disaster response activities reported for public,

private, and nonprofit organizations for the first three weeks

following the earthquake (Los Angeles Times. January 18, 1994 -

February 8, 1994). Not surprisingly, public organizations which

have legal responsibility for first response in disaster received

the large majority (70%) of mentions. Nonprofit organizations

were second, with 19.9% of the mentions, and private organiza

tions received one-tenth of the mentions, 10.1%. Figure 1 repre

sents the distribution of mentions graphically, with reported

activities increasing from the first week of response to the

second, but declining during the third week.

Table 2 presents the distribution of reported activities by

organizations engaged in disaster response by type of jurisdic

tion and type of transaction. Figure 2 represents graphically

this distribution of reported mentions of organizational response

activities by type of transaction. Interestingly, over one-third

(35.6%) of the reported activities were carried out by organiza

tions at the municipal level. Adding the reported activities for

county organizations, the combined city/county total is 42.3%,

demonstrating a very strong capacity for disaster response at the



Week of Resoonsr

Week 1:1/18-1/24

Week 2:1/25-1/31

Week 3:2/1-2/8

Total

Source: Los Anoele

Table 1

Organizations Participating in Disaster Response
by Source of Funding, Week of Response,

and Frequency of Mentions in Newspaper Reports

Northridge Earthquake, January 17, 1994

N %

69 25.8

74 27.7

44 18.5

187 70.0

rimes. Los Ai

'rivat'
N

9 Noi

N

iprofit
%

Total

N %

13 4.9 12 4.5 94 35.2

10 3.7 27 10.1 111 41.6

4 1.5 14 5.2 62 23.2

27 10.1 53 19.9 267 100.0



Figure 1

Organizations in Disaster Operations
by Week ofResponse and Frequency ofMentions

Week I: 1/18-1/24

LoJ Angelej Hmej, Loj Angela, OA 1/18-2/8,1994
Week 2:1/25-1/31 Week 3:2/1-2/8
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Figure 3

Organizations in Disaster Response
Frequency of Mention by Jurisdiction

Qty Region
County

LosAngelci Tunes, Los Angeles, CA 1/18-2/8,1994
Slate Federal



local level. Federal organizations accounted for 20.7% of the

total mentions, with state and regional organizations receiving

9.4% and 13.5% of the mentions, respectively. Figure 3 shows

these data graphically.

A significant number of response actions involved a mixed

set of jurisdictions in addressing disaster-generated needs,

particularly for education/libraries, transportation, housing/

shelter, disaster assistance, and disaster response. These data

show that the earthquake engendered a substantial degree of

interorganizational and interjurisdictional collaboration in

response to the destruction wreaked on the community. The very

rapid mobilization of multiple organizations from five jurisdic

tional levels into a remarkably coherent response system re

flected not only a high degree of preparedness at the local

level, but also an unprecedented use of information technology to

facilitate interactive communications and response in this

disaster.

The use of information technology during the Northridge

disaster response operations was, in many respects, ad hoc, with

i^'^ividual groups piecing together components in order to serve

immediate needs. Nonetheless, it was sufficient to demonstrate

the significant potential for using information technology to

facilitate action in complex environments such as disaster

response.

Further, the Northridge disaster operations illustrates the

process of self organization through which subsets of organize-



tions formed of interjurisdictional and interorganizational task

forces around specific issues, such as housing. The Housing Task

Force, made up of representatives from city, county, public,

private, and nonprofit organizations, operating directly from the

Disaster Assistance Centers, proved far more effective in assist

ing applicants find appropriate housing than if this function had

been assigned to a single organization or jurisdiction as in

previous disaster operations.

Recent technical advances using satellite and other

systems already available in California allowed the use of

organizational communication and information processes that

enabled multiple organizations and individuals to participate

effectively in disaster response and recovery activities. Im

proved communication and information processes, in turn, enabled

a more rapid activation of response capacity within and

among organizations. In a spiral of organizational learning, this

capacity increased the demand for focus and integration of new

information into existing strategies and practice. The State of

California is currently engaged in a major program of integrating

information technology into its disaster mitigation, prepared

ness, response, and recovery activities.

Conclusion

In management theory, we are truly at a "bifurcation point."

We can continue to pursue means of control in social systems and

seek to perfect them against unlikely odds, or we can invest

scarce resources in designing learning environments which allow



individuals discover new ways of engaging in collaborative action

to build constructive communities. Understanding the dynamics of

change in complex social systems represents a major challenge to

policy studies involving public, private, and/or nonprofit

organizations. It means recognizing the essentially voluntary

nature of social action, and the constraints imposed by limited

cognitive capacity in an increasingly interdependent world.

Sociotechnical systems that use information technology to

extend human reasoning capacities offer an important means to

enable individuals to move more easily between micro and macro

levels of conceptualization and action in problem solving,

enabling groups of actors to form and reform around emerging

issues in a dynamic environment. We need a theory of transition

that guides our efforts to generate change in complex social

systems more effectively. It will likely utilize advanced infor-

ins-bion technology as an aid to human reasoning in complex,

adaptive environments.
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