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Abstract

Organizations often rely on social networks in order to garner resources for survival, in par-

ticular when faced with a crisis. From a resource dependence perspective, this paper addresses

two issues regarding the dynamics of inter-organizational ties during crisis situations: (a) what is

the usual process organizations use, and (b) how efficient is such a process? Two real world crisis

cases show that, in a crisis situation, organizations tend to follow a cascade process in which they

rely on stronger ties first until there is additional resource needs before activating weaker ties.

This process can go on until all the resource needs are met and the stable stage is reached. Re-

sults from a computational model simulating such a cascade process and a contrast process, the

sequential/random process, show that organizations following the cascade process can exhibit

much higher efficiency, though there is a decreasing effect as the severity of the crisis increases.

This study has not only illustrated the real world process of organizational ties during crises em-

pirically but also provided theoretical rationales for such inter-organizational dynamics.
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1. Introduction

It can be said that organizations cannot survive without resources. The importance

of resources is further amplified when an organization faces a crisis [13,15]. During a
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crisis situation, an organization often has to reach beyond itself to garner sufficient

resources. Organizations, therefore, exist in a world of social networks [4]. Organiza-

tions are connected by ties through which resources can flow and on which survivals

depend. Though the literature of social networks has put much emphasis on the char-

acteristics of ties [2,17], researchers have devoted much less attention to the underly-

ing dynamics of how ties are used and why ties are used. There is also a lack of

exploration into the role of resources in social networks at an organizational level.

This study intends to achieve two objectives. First, from a resource dependence
perspective, we will explore the dynamics of inter-organizational relationships, in

particular under crisis situations. Second, using the agent-based modeling technique,

we will build a computational model to simulate the inter-organizational dynamics

and measure the efficiency of such processes, thus providing insight into the ratio-

nales underneath such network dynamics. By achieving these two objectives we hope

to show how simulation models can be built based on empirical cases and how sim-

ulation models in turn can provide new insights into real world case analyses. Such

an approach has not been frequently attempted, yet, we believe, can be very useful
for the development of organization science.

In the remaining sections of the paper, we will first examine the dynamics of or-

ganizational ties from a resource dependence perspective by analyzing two crisis

cases, the Hurricane Andrew disaster [23,32] and the Three Mile Island (TMI) nu-

clear accident [11,15,25]. From these case analyses, we will be able to construct a the-

oretical model underlying the dynamics of inter-organizational ties during crisis

situations. We will then describe a computational model that simulates the dynamics

of inter-organizational ties and a contrasting process. Based on simulation experi-
ments, we will analyze the efficiency of these processes. Finally, we will discuss some

findings observed from our analyses and point out some limitations of the study.

2. Theoretical background

2.1. Crisis

A crisis is an event that requires extra amount of resources, which, if not handled

properly, can have severe consequences to the organization’s survival [10]. Though

there is a lack of focus on inter-organizational crisis management in the literature

of organization science, crises do occur, whose impacts often go beyond the capabil-

ity of a single organization. Krackhardt and Stern [13] define ‘‘crisis’’ as ‘‘a situation

facing an organization which requires that the organization, under time constraints,

engage in new, untested, unlearned behaviors in order to obtain or maintain its de-

sired goal states.’’ In many cases, a crisis also has severe consequences to the orga-
nization’s survival if not handled properly [18].

While recognizing the importance of handling crises, the literature of organization

science has focused on preventing or managing crises [24], which has largely been

dominated by how to design organizations within themselves. For example, loose

coupling [30], structural redundancy [27], centralization [29], and even personnel
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training [25] have all been suggested as ways to help organizations deal with crisis

situations.

There is thus a significant lack of research in inter-organizational crisis manage-

ment in the literature of organization science. It is our belief that organizational

effectiveness, and ultimately survival, is not just a matter of intra-organizational

design, but a matter of how to rely on each other. In those large-scale crisis situa-

tions, inter-organizational relationships, or ties, naturally become important. To

address the issue of inter-organizational relationship during crises, we thus need
to have a deeper and broader view of the aspects of the dynamics of organizational

ties.

2.2. Dynamics of organizational ties

Though there have been a number of studies outlining the merit of inter-organi-

zational ties during crisis situations [5,13], few have explored the dynamics of ties

during crises. Ties are connections between social nodes. In this case, the social nodes
are organizations, which are composed of human beings. The existence of any orga-

nization in a social system involves interactions with other organizations. Ties have

dynamics, which can be shown in the following aspects: purpose, direction, content,

and strength.

2.2.1. Ties have purpose

The most important purpose of inter-organizational ties is for resource access. Re-

sources are vital to organizational survival [26,30]. Two social nodes connect to each
other in the hope of expanding resource access that will be mutually beneficial [1,6].

This is true for the relationships between countries, faculty and students, and man-

ufacturers and suppliers. Studies have also shown how people use ties for finding bet-

ter jobs [16]. The decision to form ties by organizations, therefore, is ultimately

about resources, whether consciously or not.

2.2.2. Ties have direction

Ties are often not symmetrical. Such asymmetry may be reflected in the amount of
resources a node receives compared to the other node. For example, the trade deficit

between two countries reflects the non-symmetrical nature of the tie. Also, in the case

of job seeking [16], job seekers usually have a greater need for resource expansion

than their friends, mentors, or relatives. Such asymmetry may not last forever be-

cause of the inherent pressure for mutual benefit. Within any short period of time,

however, non-symmetry of ties does exist.

2.2.3. Ties have content

The different types of content often reflect the different resource needs of

organizations. This is especially true given that today’s organizations have to han-

dle complex tasks that require multiple resource supplies and various inter-

personal as well as inter-organizational interactions. Depending on whether ties
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are intra-organizational or inter-organizational, content of ties can also be different

[13]. In this paper we mainly look at how information and resources flow across or-

ganizational boundaries.

2.2.4. Ties have strength

The strength of a tie is often reflected by the quantity and content of contacts [8].

Although the common definition of a tie’s strength is based on its frequency of

contact over a long period of time, there is no consensus among social network
researchers regarding the exact threshold that differentiates a strong tie from a weak

tie [14]. In this paper, following previous definitions, we refer to a close and frequent

connection over a stable period as an indication of a strong tie. Thus, a weak tie

should have a distant connection with less interaction. We further refer to the actual

contacts during a specific period of time as the activation or usage of ties.

2.3. Prior research

To address the dynamics of organizational ties from a resource dependence per-

spective, we briefly review two trends of research that this study will build on. The

first trend is represented by research mainly from a social network perspective, which

intends to explore structures embedded in various relationships [4]. While social net-

work analysis has been proven effective in describing the status of inter-personal con-

nections and the influence of such connections to some interesting organizational

outcomes [3,12], there is a significant lack of emphasis on organizational level rela-

tionships. In addition, many studies have either ignored the dynamic change of social
networks over time or disregarded the resource dependence perspective for explana-

tion of observed relationships.

The second trend is represented by research from a resource dependence perspec-

tive, which intends to explore various relationships from the viewpoint of resource

expansion and control [26]. While studies from a resource dependence perspective

have provided the underlying driving force for relationships within and across orga-

nizations, they often remain at a descriptive level with a focus on static relationships

between resources and some limited organizational outcome such as power. Many
studies also lack a consistent and accurate methodological framework for analyzing

relationships among people or organizations.

Although studies from both trends of research have made their significant contri-

butions to the understanding of organizational relationships, they are often limited

by the lack of concern for a dynamic relationship and the linkage between network

and resource dependence perspectives, which we believe are important to a better un-

derstanding of the dynamics of inter-organizational ties. To examine how and why

organizations expand their relationships in a crisis situation, it is necessary to com-
bine both social network and resource dependence perspectives. While a few studies

have started to integrate the social network approach with a resource dependence

perspective [16,22,34], the dynamic aspect of relationships at an organizational level,

in particular in a crisis situation, is often not included. It is thus the objective of this
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research to examine the dynamics of organizational ties with focus on the above-dis-

cussed aspects of ties from a resource dependence perspective.

3. Two real world crisis cases

We now look at two real world cases, the Hurricane Andrew incident and the

TMI incident, to examine the dynamics of inter-organizational ties during crisis.

3.1. Data

We will use information on the Hurricane Andrew crisis collected from the New

York Times (NT) and the Washington Post (WP) newspapers between August 24 and

September 9, 1992, which covers the crisis between August 23 and September 8,

1992. The focus of this study will be on the crisis around the Florida area, rather

than Louisiana, because the former has attracted more attention than the latter, thus
providing more information on issues of interest. The information used in this study

is represented by relevant sentences and paragraphs (in their original forms) from the

two newspapers.

We will use information on the TMI crisis as reported by Lagadec [15]. Lagadec is

one of the first researchers that has thoroughly described and examined the incident.

We have also compared the description of the incident from Lagadec [15] with those

from other books [11,25]. We found that they are all very consistent regarding the

details of the event, though their perspectives may vary. The information used in this
study is represented by relevant sentences and paragraphs (in their original forms)

from Lagadec [15].

3.2. Method

Ties between two organizations can be shown through relations such as materials

supplying/receiving, help supplying/receiving, information supplying/receiving, etc.

A node can be an organization, a group of organizations, a representative from
an organization, or a group of individuals. In this case analysis we will first find what

organizations are involved. We will then look for two major indicators that reflect a

change in characteristics for both the node and the tie.

The first indicator will be references indicating that there is a problem for the node

to provide resources. Such references can be contained in information regarding

things like food or shelter shortage, budget constraint, lack of control, etc.

The second indicator will be references to ties being activated or put in use. Such

references can exist in information regarding whether an organization asks for help
from another organization, whether an organization agrees to help another organi-

zation, whether there is supposed linkage between two or more organizations, etc.

From the two indicators we will be able to examine how and when organizations

activate ties during a time of crisis. A detailed coding scheme for the content analysis

used in this study is listed in Appendix A.
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For example, the following are excerpts from two actual newspapers that reported

the Hurricane Andrew incident on August 27, 1992.

Hale, who warned that more people may die from inept relief efforts than

from the storm, blamed the American Red Cross for not establishing

more shelters. She said there had been ‘‘problems,’’ which she did not

specify, with the National Guard, and there was virtually no compliance

by federal agencies with the established relief plan [32: 8/28/1992-A1].

‘‘Fundamentally, it’s Dade County on its own,’’ Hale said [32: 8/28/1992-A1].

Dade County officials in Florida said the Federal Government has not yet re-

sponded to urgent requests for a water purification system, for example, but federal of-

ficials complained that they needed a request from the Governor [23: 8/28/1992-A10].

Gov. Lawton Chiles also pleaded for more federal help and better coordination

of rescue efforts [32: 8/28/1992-A1].

From the excerpts we can see that: (1) there were signs of major problems for the
organizations connected to provide sufficient resources to mitigate the crisis; (2) there

were uses of ties among the Dade County residents, the Dade County Management,

the Dade County Emergency Agency, the American Red Cross, the Florida National

Guard, and the Florida state government; and (3) there was mention of ties with the

federal government, but the ties were not fully activated.

The two crisis cases have been coded independently by two research assistants

who had no prior knowledge of the theory or the cases, based on the coding scheme

attached in Appendix A for the two key indicators. Raw information of the cases
and their coded indicators can also be obtained from the author upon request. After

the initial coding, comparisons between the two coders were conducted. Of all the

indicators for all the relationships over the two crisis periods, there was an 80%

agreement. The remaining differences were then resolved jointly by the author and

the two research assistants after more careful reading of the relevant information.

3.3. Analyzing the Hurricane Andrew incident

In late August 1992, Hurricane Andrew hit southern Florida causing billions of

dollars in damages to the social, biological, and economical environments. The im-

pact of the crisis was unprecedented and there were many organizations around the

country that became involved. In this case we will examine how organizations dealt

with the crisis, with focus on the dynamics of organizational ties surrounding the cri-

sis period from a resource perspective [23: 8/24–9/9/1992, 32: 8/24–9/9/1992].

3.3.1. Local level

We will first look at the local level for connections among organizations, where

the crisis started. These organizations included the Dade County residents and the
County government, which was composed of Dade County Management, Dade

392 Z. Lin / Simulation Modeling Practices and Theory 10 (2002) 387–415



County Emergency Agency, Dade County Police Department, Dade County De-

partment of Community Services, and Dade County Department of Public Works.

The contacts between Dade County residents and the County government, and the

connections among the county government’s departments were frequent due to their

formal relations and geographical distances, thus resulting in strong ties. Insurance

companies were also involved at the local level, but their contacts with local organi-

zations were not strong in terms of frequency.

3.3.2. State level

Organizations at the local level and organizations at the state level were also con-

nected. Organizations at the state level included the Florida State government, which

was composed of the governor’s office, Florida National Guard, Florida Depart-

ment of Health and Rehabilitation Services, and Florida Water and Sewer Author-

ity. The connections between the local level organizations and the state level

organizations were not as strong as connections at the local level. Some other states

were also involved at this level, but their connection with the local level organiza-
tions was very weak.

3.3.3. Federal level

Organizations at the local level also had connections with organizations at the

federal level. Those organizations at the federal level included the executive branch

of the federal government (the Bush Administration), the American Red Cross, the

National Hurricane Center, the US Coast Guard, and the Congress. In the executive

branch of the federal government, there were also organizations like the White
House, the Department of Defense, the Department of Transportation, the US Pub-

lic Health Services, and the Federal Emergency Management Agency (FEMA). The

connections from organizations at the local level to organizations at the federal level

were weak due to an infrequent use of the connections. An exception to this is

the American Red Cross, which maintained local branches in the South Florida

area. The connections between the local level organizations and Congress were even

weaker due to rare use of direct connections between the two.

Thus, the strength of connections among local, state, and federal level organiza-
tions varied from strong to weak [23: 8/24–9/9/1992, 32: 8/24–9/9/1992].

3.3.4. Stage 1

On August 23, the day immediately prior to Hurricane Andrew hitting southern

Florida, Dade County residents and the County’s government were responsible for

hurricane preparations. When Hurricane Andrew arrived, Dade County was faced

with a crisis. In the beginning local organizations relied on their strong ties by build-

ing temporary shelters, evacuating residents, and maintaining public order. The po-
tential impact of the crisis and the fear of insufficient resources, however, were soon

recognized at the local level. The county’s Emergency Management Agency warned

of a shortage of resources.

The tie with the state government was mentioned, but not activated, when the gov-

ernor declared southern Florida in a state of emergency and alerted the National
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Guard. The tie with the American Red Cross began to be used when requests went out
asking people with first aid experience to come to shelters to help the elderly. However,

still very few weaker ties were activated. This stage can be summarized in Fig. 1.

3.3.5. Stage 2

Ties with the Florida state government were then introduced through visits by the

governor and some initial National Guard troops. Ties with the National Hurricane

Center in Florida and the Coast Guards were introduced. There was also a sign that

a tie with the federal government existed through the President Bush’s visit, although
the tie was not activated at this time. This stage can be summarized in Fig. 2.

3.3.6. Stage 3

From August 25 to 27, the second, third, and fourth days of Hurricane Andrew,

the tie with the Florida state government was more intensively used as 3000 Florida

National Guard troops were called in, and the Florida Department of Health and

Rehabilitation Services also provided help. However, as thousands of people re-

mained without adequate shelter, food, water, and other necessary supplies, it be-
came obvious that the resources needed to overcome the disaster were still beyond

the state and local government’s capabilities.

The Florida state government and the Dade County government requested urgent

help from the federal government. The ties with the federal government were acti-

Fig. 1. Reported dynamics of organizational ties in the Hurricane Andrew incident on August 23, 1992.
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vated through the US Public Health Service’s preliminary offer of medical services

and the promise of military help from the White House. Other ties, such as those
with insurance companies, were also activated. This stage can be summarized in

Fig. 3.

3.3.7. Stage 4

From August 28 to September 8, as the resources needed for the crisis were be-

yond the reach of the local government and the state government, it became more

obvious that the state and local governments could no longer rely on the strong ties

between themselves. Many problems persist in aspects like providing food and shel-
ter for numerous homeless residents and raising funds for the wide-scale reconstruc-

tion. Ties with the federal government were further intensified through military help

and financial help. Ties with FEMA were also slowly intensified.

Due to the increasing need for more resources, the ties with the federal govern-

ment and other organizations were further intensified as a result. Any weaker ties

that could bring possible resources were needed. As the impact of Hurricane Andrew

showed no signs of decreasing, it became evident that more resources would be nec-

essary. The federal government could no longer provide sufficient resources for the
crisis relief and began to activate ties with the Congress to solicit more aid to the

disaster area. This stage can be summarized in Fig. 4.

Fig. 2. Reported dynamics of organizational ties in the Hurricane Andrew incident on August 24, 1992.
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3.4. Analyzing the Three Mile Island incident

On Wednesday, March 28, 1979, thirty-six seconds after 4:00 a.m., several water

supply pumps broke down in unit no. 2 of the nuclear center at TMI, located in Mid-

dletown, just 10 miles southeast of Harrisburg, Pennsylvania. Tens of thousands of

people were evacuated because of this crisis, causing millions of dollars in damage
[15,25]. During that crisis numerous organizations were involved. In this case we will

examine how organizations handled the crisis, once again focusing on the dynamics

of organizational ties from a resource dependence perspective.

3.4.1. Local level

We first look at the connections among organizations at the local level, where the

crisis started. Organizations included Metropolitan Edison (which operates the nu-

clear facility at TMI), the Middletown city government, and the Middletown city res-
idents. The contacts among the three were frequent due to their close relationship

and geographical proximity, and are therefore considered strongly connected.

3.4.2. State level

Organizations at the local level and organizations at the state level were also

connected. At the state level was the Pennsylvania state government including the

Fig. 3. Reported dynamics of organizational ties in the Hurricane Andrew incident from August 25 to 27,

1992.
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governor’s office and the Pennsylvania Emergency Management Agency (PEMA).

The ties between the local level organizations and the Pennsylvania state government

were not as strong as the connections among the local level organizations.

3.4.3. Federal level

Further, organizations at the local level had connections with organizations at the
federal level. These included the executive branch of the government (the Carter Ad-

ministration), which consisted of the White House; the Nuclear Regulatory Commis-

sion (NRC); the Environmental Protection Agency (EPA); the Department of

Health, Education and Welfare (DHEW); and the FEMA. Comparatively speaking,

the ties between organizations at the local level and organizations at the federal level

were weaker due to the infrequent or indirect contacts.

The strength of connections again ranged from strong to weak between the var-

ious local, state, and federal level organizations [15].

3.4.4. Stage 1

On March 28, the first day of the incident, several water supply pumps broke

down in unit no. 2 of the nuclear center at TMI. The company operating the nuclear

facility, Metropolitan Edison, initially believed that it could control the accident

by itself. This can be seen by the active use of ties within the company. Soon, the

company began to realize the potential severity of the crisis and informed the

Fig. 4. Reported dynamics of organizational ties in the Hurricane Andrew incident from August 28 to

September 8, 1992.
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Middletown city management of the incident, which then issued an alert to local res-

idents. Residents were also informed of the crisis through the media.

Because of the catastrophic potential of the crisis, the PEMA was informed of the

accident and then asked by the state government to coordinate the relief work.

PEMA in turn called the rescue centers of the three counties concerned. Some initial

signals were also sent to the NRC.

However, the impact of the crisis was not fully realized as the Pennsylvania lieu-

tenant governor told a news conference that he did not believe there was any danger
to the public. This stage can be summarized in Fig. 5.

3.4.5. Stage 2

From March 29 to 30, because of the explosive nature of the crisis, the state gov-

ernment also sought help at the federal level, in particular the NRC. However, the

main contacts remained at the state level, where plans for an evacuation were being

prepared. Due to the enormous resources needed for the evacuation process, how-

ever, the organizations involved were proceeding very cautiously. Finally, a small-
scope evacuation was ordered for women and children within a radius of five miles.

However, the actual number of people finally evacuated turned out to be huge, about

200,000 in total.

Contacts among the local level, the state level, and the federal level were then es-

tablished through communication links between TMI, the governor’s office, the

White House, and the NRC. Other ties were also activated through help from the

Fig. 5. Reported dynamics of organizational ties in the TMI incident on March 28, 1979.
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federal Health Department (DHEM) and an expert delegate sent from the NRC to
the state government. Possible declaration of a state of emergency was also consid-

ered. This stage can be summarized in Fig. 6.

3.4.6. Stage 3

From March 31 to April 1, the potential impact of the crisis increased due to the

possibility of a hydrogen explosion at TMI, which would have caused enormous dam-

age to human lives and the environment. This concern resulted in more evacuations,

which in turn placed a greater demand on resources. This stepped-up activity also
caught the attention of the federal government, resulting in a visit from President Car-

ter to TMI. Fortunately, due to the effort by organizations at local, state, and federal

levels, the crisis reached a stable stage, making it unnecessary to activate any more ties

to provide additional resources. This stage can be summarized in Fig. 7.

3.5. Theoretical summary

The above case analyses show that when faced with a crisis that has huge resource
demands, organizations tend to rely on stronger ties first and only activate relatively

weaker ties when resource needs are not met. This process progresses as the crisis

continues, like a cascade.

To further understand the dynamics of organizational ties, especially the initial

reliance on stronger ties and later expansion of weaker ties, we can look into the

Fig. 6. Reported dynamics of organizational ties in the TMI incident from March 29 to 30, 1979.
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following aspects for some possible explanations. First, organizations’ rationality is

bounded [21]. Often, organizations cannot foresee all the impacts and the corre-

sponding resource needs for a crisis situation, in particular in the early stage. Thus,

organizations tend to first rely on their strong and more formal ties.

Second, organizations are fearful of uncertainty. The expansion and use of weak

ties may mean a loss of authority and control to organizations involved. Thus, there

is a threat-rigidity effect [29] for organizations to seek well-understood help (through
strong ties) first.

Third, organizations are influenced by politics. Certain individual decision makers

may not be willing to take risks or admit mistakes that will negatively affect their

careers. This will also cause a delay of expanding ties.

Finally, organizations’ resource capabilities are limited [26]. When the resource

needs of organizations exceed their capabilities to provide sufficient resources––but

only when such needs are vital to organizational survival––organizations will start

to look for outside help.
Now, the remaining question is: Is this cascade process also more efficient?

4. A computer simulation model

The computer simulation model sets out to achieve two goals: simulate the dy-

namics of the cascade process of organizational ties based on resource needs and

bounded rationality, and measure the efficiency of such a process as compared with

a sequential/random process. We use the agent-based modeling technique, which will

Fig. 7. Reported dynamics of organizational ties in the TMI incident from March 31 to April 1, 1979.
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help us move beyond the limits of the conventional case analysis method. The effec-

tiveness of employing computational methods is also noticed in a variety of studies in

crisis management ranging from building models for advising governmental actions

in political and military crisis situations [9] to designing training tools for managerial

crisis prevention [28,31]. We believe this study, through the integration of computa-

tional modeling and organization theory, in particular social networks of organiza-

tions, can be most effective in addressing the issue of inter-organizational dynamics

in crisis situations.
Because this model was based on the main stream agent-based approach and was

written in Unix–C, it is readily portable to virtually all other computing environ-

ments. This will also enable the testing and extension of the model in other fields

of management.

4.1. Model description

In the computational model, we model the network of organizations based on the
previously literature review with the understanding that ties have purpose, direction,

content, and strength. There are three key components in the computational model.

The first part is the characteristics of the nodes, representing the organizations. The

second part is the relationships among the nodes, and the third part is the dynamic

processes of the relationships during crisis situations.

4.1.1. Modeling of the characteristics of nodes

For the computational model, a node requires several types of input resources in

order to produce several other types of output resources. We also assume that in an

organization, a final product (the output) usually requires larger amount of raw ma-

terials (the input). This becomes especially important in a crisis situation, as a crisis is

a special event that demands more than the usual amount of input resources for the
organization to survive and maintain the normal output. This was also observed in

the two real world crisis cases conducted in this study. Further, one node’ certain

output resource can become another one’s input resource, if their types match. By

setting up these characteristics, we can thus create an emulated crisis setting, in

which demands exceed immediate supplies.

Based on the rationale that organizations do not dramatically change their nature

of operations easily, for this study, we control the number of types of resources so

that the maximum number of types of input resources will be equal to that of output
resources. The variable will then be about the ratio of quantity between input and

output resources for each type. The following formula summarizes such modeling

ideas.

IOm ¼ Im=Om ð1Þ
where IOm is the input/output quantity ratio, Im is the maximum magnitude of input

resources and Om is the maximum magnitude of output resources for each node.

For example, each node can receive four input types of resources in order to pro-

duce another four output types of resources. We can then set the maximum amount
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of input resources at Im ¼ 5 units and the maximum amount of output resources

at Om ¼ 4 units, which would make IOm equal to 1.25.

4.1.2. Modeling of inter-node relationships

Besides these characteristics, nodes also have relationships among themselves.

For this study, we focus on the strength of ties between each pair of nodes based

on their interactions through both the contents of ties and the distance of ties. As

discussed earlier, ties can have directions, so the strength of ties can also have
directions.

Sij ¼ Mijð1 � DijÞ ð2Þ
where Sij is the strength of ties from node i to node j, Mij is a value between 0 and 1.0

representing the degree of resource match between nodes i’s output resources and

node j’s input resources in both type and quantity, and Dij is a value between 0 and

1.0 representing the distance between nodes i and j. The introduction of the distance

matrix is basically a based on the assumption that that the tie strength between two
nodes can be influenced by not only the degree of resource matches but also by the

physical distances between them. In real world situations, in particular in a crisis

situation where the exchanges of large amount of physical resources are required,

physical distance can greatly impact the interactions between organizations. This

was also evidenced by the two crisis cases we have examined.

4.1.3. Modeling of the processes

Two main dynamics of inter-organizational ties will be modeled in the computa-
tional model. One relies on the cascade process and the other relies on the sequential

process. Throughout the processes, amount of resources and time units are recorded

to calculate the efficiency. The general algorithm for the computer simulation is as

follows:

Initialization module

1. Set up a set of N nodes, each of which needs It types of input resources to gen-

erate Ot (Ot ¼ It ¼ 4) in this study) types of output resources; Each type of input
resources can have a random quantity between 0 and Im; Each type of output

resources can have a random quantity between 0 and Om.

2. Calculate the resource match matrix fMijg for all the nodes that measures,

in each pair, the extent to which one’s output resources match the other’s input

resources in both types and quantities.

3. Set up a distance matrix fDijg for all the nodes that allows each pair of nodes to

have a random distance between 0 and 1.

4. Calculate the tie strength matrix fSijg for all pairs of nodes, based on both the
resource match matrix and the distance matrix.

Process module

5. If the cascade process is followed, go to 6. If the sequential/random process is fol-

lowed, go to 9.

Cascade process
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6. Select a node as the starting node for the cascade process. If all nodes have been

selected, stop the process; otherwise, continue the process below.

7. If there is an input resource need by the starting node, search for another node

with the next strongest tie and transfer resources from that node to the starting

node. Record amount of resources exchanged and time units spent. Number of

time units spent depends on both the resources and the distance.

8. If all resource needs are met for the starting node, restore all resources back to

all the nodes for later processes and go to 6. Otherwise, go to 7.
Sequential/random process

9. Select a node as the starting node for the sequential/random process. If all nodes

have been selected, stop the process; otherwise, continue the process below.

10. If there is an input resource need by the starting node, search for the next node

and transfer resources from that node to the starting node. Record amount of

resources exchanged and time units spent. Number of time units spent depends

on both the resources and the distance.

11. If all resource needs are met for the starting node, restore all resources for later
processes and go to 9. Otherwise, go to 10.

4.1.4. Measuring of efficiency

To measure the efficiency of each process, we keep track of both the total amount

of resources accumulated by each starting node and the number of time units spent

before reaching the stable stage. The formula is as follows:

Ei ¼ Ri=Ti ð3Þ

where Ei is the efficiency of the process started with the node i, Ri is the total amount

of resources accumulated by node i when all resource needs are met, and Ti is total

number of time units spent in the process for node i to reach the stable stage, which

also takes into consideration the distance between nodes.

4.2. Simulation experiments

We conduct three simulation experiments. In the first experiment, we set the input

to output quantity ratio at 1.25 to examine both the cascade process and the sequen-

tial/random process. In the second and the third experiments, we set the input to out-

put quantity ratio at 2.50 and 3.75 respectively, thus assuming an even greater

demand for input resources. By varying the input to output ratio we can then exam-

ine how this may affect the efficiency of a process in addition to the different nature

of the process. This may also indirectly reflect the severity of a crisis as we can as-
sume that a more severe crisis may create a higher resource demand.

In each of the three experiments, the total number of nodes is 35. We conduct 40 runs

for each experiment. At the beginning of each run, all resources are randomly reset ac-

cording to the algorithm described earlier. For each run of the simulation, a starting
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node is selected and the process operates until the resource needs of the starting node

are met; this procedure is repeated for each of the 35 possible starting nodes.

Table B1, Table B2 and Table B3 in Appendix B also contains sample matrices

including the resource match matrix, the distance matrix, and the tie strength matrix

for the inter-organizational relationships for the first run in the experiment where the

input to output quantity ratio is set at 3.75.

During the experiments, we record both the resources transferred and the time

spent by each node. Efficiency is calculated as the amount of resource over the num-
ber of time units. The original amount of input and output resources is randomly

assigned to each node at the beginning of each run for each node. The simulation

model does not track the original amount but the actually exchanged amount when

calculating the efficiency of each node for resource accumulation. Given that there

are 35 nodes in the network, each node will eventually be able to collect enough re-

sources. In other words, the amount of original resources may not be as important.

They are just set up to allow us to examine how each node can accumulate sufficient

resources within the shortest time.
The models are written in UNIX–C language. Further coding details can be pro-

vided upon request.

4.3. Results

The results are summarized in Table 1. As we can see that when the input to out-

put ratio is set at 1.25, we can find that those nodes following the cascade process

through the decreasing order of strength of ties tend to be significantly (p < 0:01)
more efficient when compared with those nodes that follow the sequential process re-

gardless of the strength of ties. Characteristics of this network such as resource

match matrix, distance matrix, and tie strength matrix are randomly generated based

on the previous formulas, which serve as the bases for both processes.

When the input to output ratio is set at 2.50, which forces a node to obtain more

resources for the same set of outputs, we can find from Table 1 that those nodes fol-

lowing the cascade process through the decreasing order of strength of ties still ex-

hibit significantly (p < 0:01) higher efficiency as compared with those nodes that
follow the sequential process regardless of the strength of ties. However, the differ-

ence of efficiency is much getting slightly smaller in this case than previously. Char-

acteristics of this network such as resource match matrix, distance matrix, and tie

strength matrix are again randomly generated based on the previous formulas, which

serve the bases for both processes.

Finally, when the input to output ratio is set at 3.75, which forces a node to obtain

the most resources for the same set of outputs, we can find from Table 1 again that

those nodes following the cascade process through the decreasing order of strength
of ties still exhibit significantly (p < 0:01) higher efficiency as compared with those

nodes that follow the sequential process regardless of the strength of ties. How-

ever, the efficiency advantage of the cascade process becomes further smaller, though

the decrease may not be statistically significant. Characteristics of this network such

as resource match matrix, distance matrix, and tie strength matrix are again ran-
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domly generated based on the previous formulas, which serve the bases for both pro-

cesses.

These results have thus provided the rationale behind organizations’ dynamic re-

lationships during crisis situations, that is, it generally can produce higher efficiency

for organizations to follow the cascade process. Such advantage, however, can be

Table 1

The dynamics of inter-organizational ties: measures of efficiency with different input/output quantity ratios

and internal mechanisms

Starting

node

Ratio ¼ 1:25 Ratio ¼ 2:50 Ratio ¼ 3:75

Cascade

process

Random

process

Cascade

process

Random

process

Cascade

process

Random

process

1 29.17 (3.34) 15.62 (4.84) 28.22 (2.72) 17.42 (3.50) 27.19 (2.57) 17.53 (3.25)

2 28.99 (3.49) 15.60 (5.17) 28.25 (2.79) 17.14 (4.38) 27.49 (2.88) 17.57 (4.17)

3 28.12 (3.73) 16.57 (5.88) 27.74 (3.19) 17.03 (4.64) 26.37 (2.71) 17.35 (3.80)

4 28.13 (3.50) 15.30 (4.50) 27.92 (2.99) 16.92 (3.72) 26.32 (3.24) 17.51 (3.79)

5 29.24 (2.63) 15.81 (3.91) 28.73 (2.82) 17.16 (3.19) 27.74 (2.85) 17.70 (2.99)

6 27.17 (3.43) 15.89 (5.90) 26.81 (3.67) 17.51 (4.03) 25.90 (3.38) 17.84 (3.84)

7 27.65 (3.13) 16.81 (6.46) 27.03 (3.51) 17.87 (5.23) 26.91 (3.57) 17.86 (4.45)

8 26.68 (3.74) 14.61 (5.25) 26.55 (4.08) 16.25 (4.18) 26.04 (3.66) 16.58 (3.30)

9 25.76 (3.88) 14.57 (5.30) 27.02 (3.20) 15.87 (4.51) 26.57 (3.49) 16.36 (4.01)

10 25.91 (3.61) 16.30 (4.61) 25.81 (4.04) 17.58 (3.91) 25.46 (3.71) 17.44 (3.03)

11 25.25 (4.79) 14.97 (4.45) 25.64 (4.10) 16.92 (4.08) 24.99 (3.45) 17.14 (3.53)

12 25.81 (3.97) 15.54 (3.62) 25.74 (4.19) 17.13 (3.16) 25.37 (3.69) 17.51 (3.30)

13 26.87 (4.40) 15.20 (4.03) 25.38 (4.32) 17.01 (3.19) 24.46 (4.53) 16.86 (2.30)

14 25.82 (3.62) 16.36 (4.46) 24.88 (4.21) 17.48 (4.57) 24.35 (4.86) 17.75 (4.49)

15 24.98 (3.92) 15.51 (4.55) 23.72 (3.73) 16.64 (3.60) 24.11 (3.21) 17.06 (3.23)

16 26.24 (4.36) 14.91 (4.68) 25.93 (3.98) 16.97 (4.01) 25.20 (4.00) 17.35 (3.73)

17 23.42 (5.17) 14.84 (4.47) 22.95 (3.91) 16.27 (3.95) 24.12 (4.10) 16.59 (3.13)

18 24.33 (4.83) 15.64 (4.95) 24.03 (4.53) 16.95 (4.57) 23.29 (4.90) 17.32 (4.28)

19 23.19 (4.83) 14.71 (4.25) 22.50 (4.95) 16.51 (3.88) 23.54 (5.02) 17.10 (3.73)

20 24.42 (5.56) 16.18 (5.69) 23.38 (4.90) 16.86 (3.37) 21.88 (4.96) 17.48 (3.48)

21 25.33 (4.39) 15.32 (4.59) 23.11 (4.16) 16.01 (2.81) 23.11 (4.04) 16.93 (3.01)

22 24.05 (4.51) 15.74 (4.38) 22.95 (4.89) 17.51 (3.71) 22.46 (4.87) 17.39 (2.59)

23 23.82 (4.19) 14.42 (4.19) 23.10 (4.60) 15.65 (3.28) 21.71 (4.91) 16.27 (2.78)

24 22.53 (6.06) 16.36 (4.54) 22.29 (4.91) 17.79 (4.25) 21.95 (4.87) 18.34 (4.23)

25 22.20 (5.41) 15.22 (5.46) 21.95 (4.92) 16.78 (4.21) 22.58 (5.01) 17.17 (3.46)

26 21.41 (4.68) 15.84 (5.42) 21.52 (5.28) 16.97 (4.29) 21.88 (4.96) 17.36 (3.70)

27 21.92 (4.67) 16.02 (4.97) 21.72 (5.19) 17.29 (4.48) 22.18 (4.95) 17.88 (4.08)

28 21.37 (5.89) 15.14 (4.92) 21.47 (6.07) 16.61 (3.63) 21.94 (5.50) 17.17 (3.23)

29 20.03 (5.60) 14.88 (5.11) 20.44 (4.40) 16.03 (3.63) 21.11 (4.73) 16.31 (3.17)

30 20.69 (5.32) 15.66 (5.51) 20.10 (4.39) 16.69 (3.53) 20.98 (4.39) 17.45 (3.26)

31 20.75 (5.10) 15.43 (3.93) 20.43 (4.84) 16.92 (3.57) 19.81 (5.23) 17.28 (2.94)

32 22.94 (5.72) 14.81 (3.88) 21.67 (4.92) 16.61 (3.90) 21.21 (5.52) 17.16 (3.74)

33 20.31 (5.00) 15.42 (5.38) 19.85 (5.14) 16.79 (3.73) 20.34 (4.71) 16.96 (2.98)

34 20.01 (5.57) 16.19 (5.61) 19.29 (5.07) 16.73 (3.72) 19.93 (5.42) 17.22 (3.90)

35 20.43 (5.74) 14.99 (5.10) 20.65 (5.52) 16.54 (4.49) 21.68 (5.52) 17.26 (4.28)

Overall 24.42 (5.33) 15.50 (4.88) 23.96 (5.11) 16.87 (3.93) 23.72 (4.88) 17.26 (3.55)

Note: Each cell contains the average efficiency based on 40 runs with the standard deviation in the

parentheses.
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gradually diminished when the severity of crisis is dramatically increased and the de-

mand for resource is magnified. This is an interesting finding as it suggests that there

is a limit to which the cascade process may be effective and that when under over-

whelming resource pressures, it may matter less what particular process organiza-

tions rely on.

We must also note that not all organizations in the networks can benefit from

such efficiency, even though on average a cascade process can be more efficient. De-

pending on the location in the network, during a particular run, some individual or-
ganizations may be even worse off with this cascade process as compared with the

sequential/random process, which is not shown here. This implies that more research

may be needed to explore the causal relationship between the nature of the network

an organization is in and the efficiency of the process it adopts.

We have also tried setting the ratio of the number of types of input resources over

output resources at greater than 1, similar to that of the input to output quantity

ratio. What we have found is that the decrease of the efficiency advantage of the cas-

cade process over the random/sequential process becomes faster. This phenomenon
is worth further exploration as it suggests that organizations may lose the benefit of

the cascade process when the severity of the crisis demands the dramatic increase

of both the type and the amount of resources.

5. Discussion and conclusion

5.1. Main contributions

This study has examined the dynamics of inter-organizational ties during crisis sit-

uations. Our study has demonstrated that organizational relationships are affected

by both tie and node characteristics. Resources are vital to organizational survivals

and the dynamics of organizational ties can be better understood from a resource

dependence perspective and bounded rationality basis. While our analyses of two

major crisis cases have revealed the cascade process of ties, our computer simulation

model has further demonstrated the efficiency of such a process by illustrating the
dynamic relationship between the resource demand and the inter-organizational pro-

cess. Although we have focused our study on crisis situations, we believe findings

from this study can also be applied to non-crisis situations, as organizations in

non-crisis situations also need resources and do so through networks of organiza-

tions. Indeed, the distinction between a crisis situation and a non-crisis situation

may not be that clear-cut if we consider them from a resource dependence perspec-

tive.

The study has made a significant contribution to the field by providing not only
empirical analyses but also computational modeling into the important issue of dy-

namics of inter-organizational ties, thus enabling us to understand fully the ratio-

nales behind such processes. While the computational model is simplified, it is

effective in emulating key characteristics of real world social networks and providing

theoretical insights.
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5.2. Discussion of findings

The analysis in our study has also supported our previously listed rationales for

the dynamics of ties, in particular, the initial reliance on stronger ties and later ex-

pansion of weaker ties. The first rationale states that organizations’ bounded ratio-

nality will inhibit organizations’ ability to foresee the impact of the crisis and

the need for resources, thus organizations tend to first rely on their strong and more

formal ties. For example, in the Hurricane Andrew incident, Governor Chiles of
Florida admitted that at the early stage of the Hurricane Andrew crisis, he ‘‘didn’t

think it was necessary’’ to call for federal help [32: 8/29/1992-A8]. Similar things also

happened in the TMI crisis.

The second rationale states that organizations tend to hold on to their familiar

structures and methods because organizations are fearful of uncertainty and loss

of control. Such behaviors are shown in both the Hurricane Andrew crisis and the

TMI crisis as organizations were very reluctant to expose themselves to the outside

world.
The third rationale states that because of politics in organizations, certain deci-

sion makers often do not want to take risks or admit mistakes that can negatively

affect their careers. For example, one of the major criticisms of the handling of

the TMI crisis was that organizations involved tried to cover up the incident as

much as possible instead of introduce weaker ties [15]. Also, in the Hurricane An-

drew crisis, politics played at both the state and federal levels were widely docu-

mented.

The fourth and final rationale states that due to organizations’ limited resource
capability, organizations will start to look for outside help only when they cannot

provide sufficient resources that are vital to organizations’ survival. Such dynamics

are the essence of the cascade process of ties and are clearly illustrated in both crisis

cases.

There are two specific phenomena in the crisis cases that we think are worth fur-

ther discussion. One thing to notice is that even though decisions, information,

and materials flowed through organizational ties, the data do not indicate that de-

cision powers always moved to upper levels as crises progressed. As a matter of
fact, in both cases, major decision powers remained at the state level. Rele-

vant to this phenomenon, researchers have found that when faced with a crisis, or-

ganizations tend to expand their resource access structures but still maintain their

hierarchical command structures as in the two cases we examined here [5]. Hierar-

chical structures have difficulty in forming ties with other hierarchical structures

at the command level, but they can usually exchange resources at a lower lateral

level.

The second thing to notice is that the duration of time that organizations relied on
their stronger ties varied at different stages across the two crises. Understanding this

may require further knowledge of not only the difference of the resources needed

by the organization and the resources the organization has had, but also the urgency

for resources by the organization and the geographic distance between the resource

provider and the resource receiver.
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5.3. Main implications, limitations, and future directions

This study also has rich practical implications to organizational managers. It

shows that organizations can benefit from strategic networking when the environ-

ment becomes critical and when the resource demand is large, such as in a crisis sit-

uation. In this paper, the cascade process is modeled such that it is more based on the

learning mechanism than on rigid standard operating procedures (SOPs). The dy-

namics of the tie strength actually embeds the knowledge of past interactions, which
future interactions may depend on. Our study therefore also suggests when a crisis

occurs, it may be beneficial for organizations to rely more on learning mechanisms

rather than on pre-established SOPs. This is because SOPs may sometimes become

the cause for crises as the complexity of the task coupled with the uncertainty of

the environment may become too much for SOPs to handle.

The empirical part of the study relied heavily on the content analysis of two cases.

The quantification in the analysis has only limited categories. The few categories can

help us get a robust picture of the dynamics of organizational ties. Such categoriza-
tion, however, may not be sufficient if we try to differentiate the impact of different

contents of ties. The fact that both crisis cases involved governments at different lev-

els in the United States may also pose a legal constraint to the dynamics of organi-

zational ties in this study. We may need to conduct further research to find out if and

how such legal constraint may influence the dynamics of organizational ties.

This study has again demonstrated that computer modeling can be a natural and

effective method for studying dynamic social networks [33]. The computational model

in this study has followed the tradition of agent-based computer modeling [7,19,20].
The model can be applicable to a wide range of situations related to inter-organiza-

tional relationships, and are not just limited to crises. For example, we can extend

the model to the study of strategic networks where resource accumulations are also

important. The current simulation results, however, also need to be viewed with a

clear understanding of the model settings and the boundary conditions. For this

study, we have also tested several different formulas of the strength of ties for the com-

putational model such as using additive rather than the multiplicative rules for com-

bining resource match and distance. The final results are similar.
There are several directions we would like to pursue further in our future research.

First, we would like to look into more sources for the two cases we have examined, even

though we have obtained archival data from two different sources for each crisis case.

We would be most interested in talking to people directly involved in the two incidents,

therefore minimizing the bias of observations. Second, we would like to examine differ-

ent crisis cases to test the ‘‘cascade process of ties’’. In particular, we would like to ex-

amine crisis cases that contain fewer legal constraints. Third, we would like to see how

power and politics may influence the dynamics of organizational ties. Fourth, we
would like to have a better grasp of the contents of ties and different types of resources.

Fifth, we would like to examine the dynamics of organizational ties during the period

immediately following the crisis. Sixth, we would like to explore what might happen to

organizations if all ties have been activated and resources are still inadequate. Seventh,

we would also like to look at whether integrated crisis management systems form
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during each crisis situation and the formation mechanism if any. Finally, we would like

to expand the computational model to include more realistic characteristics of organi-

zations, thus providing more sophisticated theoretical insights.
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Appendix A. General rules for case analysis

Step A. Pick up nodes involved in the case

(A1) From available sources, find out what organizations were mentioned during

the whole process of the crisis. For example, in the Hurricane Andrew case,

the Dade County Management, the Federal Emergency Management Agency,

etc., were mentioned by the NT, so they are nodes in the case. A node can be an
organization, a group of organizations, a representative from an organization,

or a group of individuals.

(A2) Group the organizations according to whether they belonged to another larger

organization. For example, in the Hurricane Andrew crisis, organizations like

Dade County Management, Dade County Emergency Agency, Dade County

Police Department, Dade County Community Services Department, and Dade

County Public Works Department, belonged to the Dade County government,

so they can be circled (grouped) together.
(A3) Find out relative frequencies of long-term relationships among the organiza-

tions, or groups of organizations, i.e., whether they have frequent contacts or

rare contacts providing or receiving materials, money, information, etc. The fre-

quency is relative when categorizing strong or weak ties. For example, in the

Hurricane Andrew crisis the contacts between the Dade County Manage-

ment and the Dade County Emergency Agency were more frequent than the

contacts between the Dade County Emergency Agency and the Florida state

government.

Step B. Find out the starting node of the crisis

(B1) Find out the cause of the crisis, beginning immediately before the crisis. For

example, the Hurricane Andrew crisis was due to an unprecedented hurricane

hitting southern Florida.

(B2) Point out where the crisis occurred. For example, in the Hurricane Andrew cri-

sis, the crisis started with the Dade County residents.
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Step C. Find out nodes mentioned in the sources

(C1) Find out nodes mentioned in the sources that are related to the case.

(C2) Categorize nodes into respective levels: local, state, or federal.

Step D. Find out problems related to providing resources

(D1) Look for the indicator: was there any problem for the node or the ties con-
nected to the node to provide resources? Find out the impact of the crisis

and the resource demand caused by the crisis.

(D2) If there was a problem, was the problem a small one or a major one? A small

problem would be that resources could still be provided with some difficulty.

A major problem would be the inability to provide adequate resources, either

due to overpowering of the resource demand, or capability of the nodes or

ties (such as severe budget constraint). One needs to look for such signs

as: was any concern voiced or a cry for help? Was there any mention or de-
scription of inadequate supply? For example, at one point in the Hurricane

Andrew crisis (August 27, 1992), as reported by the NT and the WP on Au-

gust 28, we can see that (1) ties were used among the Dade County Manage-

ment, the Dade County Emergency Agency, the American Red Cross, the

Florida National Guard, and the Florida state government; and (2) there

were major problems for the organizations to provide sufficient resources

to mitigate the crisis.

Step E. Find out whether ties were activated to provide resources

(E1) Look for the indicator: was the tie to provide resources only being mentioned

or already in use.

(E2) If a relationship was mentioned for the first time between two organizations for

providing resources, then the tie was activated. Point out the nodes connected

to the tie.

(E3) If the ties were mentioned again, then the use of the tie was intensified. Accu-
mulate the use of ties. Once activated a tie is regarded as being in use unless the

data sources say otherwise.

(E4) Point out the nodes connected to the tie. Ties between two organizations can be

shown through relations such as materials supplying/receiving, help supplying/

receiving, information supplying/receiving, etc. For example, following the ex-

ample in Step D, we can also see that there was mention of the ties with the

federal government, but the ties are not fully in use.

Step F. Check the availability of sources

(F1) If this is the last day of the crisis or the end of the sources, stop coding.

(F2) Otherwise, go back to Step C for information on the next day of the

crisis.
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Appendix B. Matrices of network characteristics (Tables 2–4)
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Table 3

A distance matrix for run #1 with input/output quantity ratio set at 3.75
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Table 4

A tie strength matrix for run #1 with input/output quantity ratio set at 3.75
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