i

ELSEVIER Journal of Hazardous Materials 37 (1994) 353-373

The timing of emergency decisions: Modelling decisions by
community officials during chemical accidents

George O. Rogers

Hazard Reduction and Recovery Center, College of Architecture, Texas A&M University,
College Station, TX 77843-3137, USA

(Received 5 August 1993; accepted in revised form 20 November 1993)

Abstract

Protecting the public from airborne chemical releases is limited by the timing of the
implementation of actions taken and the capacity of those actions to avoid or reduce exposure,
This paper examines the community decision processes during emergencies to identify critical
factors associated with the timing of emergency warning, and protective action recommenda-
tions. This research examines the decision process by tracing emergency response from the
outset of the community decision process, through the decision to warn the public, including
the communication of hazard to the public, and the all-clear at the end of the emergency period.
Both community authorities and the public cycle through hazard detection, assessment,
communmnication, and behavioral response as they become aware of the hazard. A sample of
emergency decisions during chemical emergencies was examined via post-emergency interviews
with key community officials. Emergency responders in a systematic sample of events after
1984, but prior to 1990, were interviewed in the Fall of 1989. Finding that decisions in more
recent events were more easily reconstructed, a randomly selected half of the significant
chemical emergencies occurring during 1990 were interviewed within weeks of the chemical
events. Previous work [1] shows that community decision processes are seldom immediate and
often involve information seeking. This descriptive work is expanded herein to provide better
models of the key factors effecting decision processes in chemical emergencies. Regression
models of these data indicate that protective action and warning decistons occur mere rapidly
than all-clear decisions, and that each decision is influenced by different factors in the decision
process. Moreover, these data indicate that the role of experts changes throughout the
emergency response. When decisions lead to the active avoidance of exposure, officials seem to
take evasive action more quickly, -but when failure to decide results in passive avoidance of
exposure and continued inconvenience of the public, the decision process is often protracted.

1. Introduction.

Over 100 chemical releases a year in the US since 1985 have required emergency
operations invelving community decisions and public response (Fig. 1). Hence, events
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Fig. 1. Frequency of chemical accidents by year and month.

requiring protective actions at the household level occur every 2 to 3 days on average.
The effectiveness of these actions taken to protect the public from airborne chemical
releases depends on the timing of the implementation and the ability of those actions
to avoid or reduce exposure [2]. The timing of implementation depends upon the
facility and community organizations becoming aware of the hazard, assessing its
severity, and selecting appropriate courses of action to protect the public. The
decision processes of community officials are potentially influenced by a variety of
factors, including the extent of emergency planning, the uncertainty associated with
the release of hazardous chemicals, conflicts among decision makers, perhaps arising
from the associated uncertainty, and the community context of emergency operations
and preparedness, which might be characterized by available resources, population
segments to be protected, and prior experience with similar incidents. In addition, the
timing of the implementation of protective actions depends on the dissemination of
emergency warning, the public response to the emergency warning(s), and implemen-
tation of the selected actions. '

The extent to which protective actions eflectively avoid or reduce exposure depends
on the “structural” capacity of the prescribed actions, and the ability of the people to
implement them. For example, the structural capacity of the road network determines
the minimum duration required to evacuate an area, but evacuations require that
people are either capable of driving, or that sufficient transportation be available to
evacuate the impacted area. Community decision processes during emergencies are
examined in this paper to identify critical factors associated with the timing of
emergency response and the initiation of protective actions undertaken by the public.
The effectiveness of protective actions depends on the timing of this “chain-of-
activities” [3—5]. At one extreme, if the public is not warned, they cannot be expected
to respond; if the public fails to understand the warning message they do receive in
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terms of what is expected of them, the response is likely to be ineffective. Protective
action effectiveness is the result of multiple factors including the complete warning
process from recognition of hazard to the decision to warn the public, the associated
message that establishes both the extent of the hazard and what protective action(s)
are appropriate to avoid harm. Effectiveness is also impacted by the receipt of the
warning, the public’s interpretation through the attachment of meaning to the mes-
sage, and each household’s decision to respond in a particular way.

2. Background

The communication of emergency warning is cyclical [5]; people begin the process
with some form of detection, and cycle through hazard assessment, communication
and behavior selection (Fig. 2). As more and more people become aware of the hazard,
people assess (and reassess) the hazard, communicate with others regarding appropri-
ate actions (which disseminates the emergency warning to other people) and select
behaviors to protect people from harm. While this process is a necessary part of

( Hazard ) 8 Hazard )
Detection Assessment
Initial detection Initial assessment
R?lease h@d Peer assessment
information —
Non-peer assessment
Public alert & pee
notification Public assessment
Retumn to normalc
\_ T oy, l /
f Behavior ) ( A
Selection Communication
Immediate response Initial communication
options First responder
Protective action -—
decision process Response organizations
Response selection Confirmation
L Public response Y, L W,

Fig. 2. A summary of the cyclical nature of emergency warning.
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emergency response, it also takes time. Unfortunately, time is often limited in chemical
accidents. L

The effectiveness of actions taken to protect the public is to a large degree
determined by the timing of emergency decisions [2]. For any protective action to
achieve its design effectiveness, people must become aware of the potential for harm,
decide to act, and implement the appropriate behavior to achieve protection. The
community’s decision to warn the public and the public officials’ recommendation
regarding appropriate protective actions are among the most important elements of
that process. This paper addresses these two important decisions.

Decisions based on inter-organizational involvement tend to broaden both re-
sponsibility and perspective, which tends to make decisions more effective. Converse-
ly, small group decision theory suggests that generally the larger the group, the longer
it is likely to take to make decisions [6]. Inter-organizational decisions involve more
people; hence, they are likely to lengthen the time it takes to reach a decision. Longer
time frames for decisions in fast moving chemical emergencies tend to reduce protec-
tive action effectiveness. This article examines these countervailing forces in terms of
the time it takes to make emergency response decisions in inter-organizational
settings, the number of people representing those organizations, and the character of
the decision process. This paper addresses the effect of the size and nature of the
decision making organization on the length of the inter-organizational community
decision process in chemical emergencies.

Experimental research on cognitive processes of decision making indicates that
a variety of problem simplifications occur at the individual level that bias judgments
under uncertainty [7, 8]. Kahneman and Tversky have even shown that people will
reverse their choices of risky alternatives when equivalent alternatives are presented as
a choice between a sure gain and a gamble versus a sure loss and a gamble [9, 10].
Psychometric studies, cognitive heuristics, and prospect theory suggest that decisions
are affected by uncertainty. Hence, to the extent that emergency decisions are fraught
with uncertainty they are likely to be affected by these individual level cognitive
processes. Controversy over the assessment of public preferences for risk has also been
generated over judgmental heuristics. People make initial estimates of numbers
resulting from complex processes that are often at the heart of response to technolog-
ical risk, and then adjust them to arrive at a solution or decision. This anchoring effect
tends to bias choices when artificially high or low starting points initiate decisions
[10]. These kinds of judgmental heuristics present challenges to a rational decision
making model [11]; moreover, they present particular challenges in the emergency
decision making process.

In free societies, whenever groups are involved in decisions, differing points of view
are possible; these views can lead to various kinds of conflict with different functions
[12]. Intra-organizational decisions during emergencies have been examined, but
limited research on inter-organizational decisions exists [13]. This research focuses on
inter-organizational decisions made in response o chemical emergencies during the
crisis. The direct impacts of the emergency situation on the community decision
process is examined [14], rather than the public response process [15-197]. In
addition, this research focuses on the duration of the community decision process,
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which extends preliminary descriptive research on the community decision making
process in emergencies [1].

The community decision process in chemical emergencies is examined, beginning
with the recognition of hazard and continuing through the all-clear [14]. The major
decisions reached during the emergency response period are the primary emphasis of
this research, including the recognition of hazard, its assessment, the decision to warn
the public, the selection of appropriate protective actions, and the reassessment of the
hazard leading to an all-clear.

3. Models of group decisions

Classic experimental studies of group decisions are tested using contrived problems
with known parameters (¢.g., number of stages, precise solutions). The experiments are
set up to control group characteristics (e.g., group size), and measure others (e.g., ratio
of solvers to nonsolvers). Restle and Davis [6] posit four models of individual and
group problem solving for individuals, simple groups, hierarchical groups, and equali-
tarian groups. The individual model of the timing of problem solution is a gamma
function,

A
(k—1)

where ¢ is the minute into the decision process, k is the number of steps in the problem
or decision process, and A is the probability of reaching a decision or solving the
problem at any time, ¢. The simplest group decision model assumes that each person
in the group contributes to the potential for a solution to the problem independent of
other participants; hence, the simple group model multiplies the probability by the
number of people in the group, r,

ri
(k—1)!

However, each person in a group does not contribute independently and equally to
the group’s decision or solution. In fact, Restle and Davis [6] argue that some people
in the group may not have a solution to the problem at hand. These nonsolvers would
not then be capable of contributing to a decision. The hierarchical model argues that
solvers (4) form a hierarchy that renders nonsolvers (B) nonfunctional (i.e., they
neither contribute to nor detract from the solution). The distribution of solution times
can then be described as a density function over time:

g(t; A, k) = e M(Ar)F !

glt;rd, k) = e MM (rar)r !

A= % Pl 44 k)

where P(A) is the probability of exactly A4 solvers in a group of size r,

r

P(A) = (A) at(l—ay 4
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g(t; AA, k) 1s a gamma function defined above and a is the proportion of individuals in
the population of potential group members that are solvers. Hence, a hierarchical
group of r people with A solvers will be exactly equivalent to a group of 4 solvers,
without the extra nonsolvers. The equalitarian model posits that nonsolvers (B) detract
from the group by continuing to participate in the group, and thereby slow the
decision process down, even though they do not contribute to the overall solution.
Hence, the equalitarian model has a corresponding density function of

r AZ
@)=Y P) g(t,ml, k)

A=0
Restle and Davis [6] conclude that the equalitarian model yields predictions that
quite closely approximate the experimental evidence. The challenge of this paper is to
begin to test these experimentally developed theoretical models using ex post facto
data collected in the post-emergency period.

4. Data and methods
4.1. Sampling

In order to collect data from people who can report effectively on the conduct of
emergency decisions during an emergency involving protective actions taken by the
public, data must be collected while the events remain clear in the minds of the
participants. Hence, this involves a two step process of identifying the events in the
universe, and interviewing a sample of selected community officials who have recently
experienced an event. To assure the latter, the sampling universe was iteratively
generated, with interviews conducted within 2 to 3 weeks of the occurrence of the
event.

The universe of events was identified by conducting periodic searches of the
NEXUS listings of the Associated Press/United Press International news stories
involving the evacuation (or other protective actions) of 10 or more people as the
result of chemical accidents or events [20,21]. These events are presented in Fig. 1.
These events are of sufficient size to require more than a single household’s response,
and would thereby require decisions by public officials during the event.

4.2. Interviewing

Key community officials were interviewed via telephone. The officials were selected
to represent organizations vital to the community’s emergency response. The person
responsible for reaching critical decisions was interviewed, as well as people with
a direct role in emergency decisions when necessary. Fire department officials com-
prised more than 75% of the respondents, with more than 90% of these being fire
department chiefs or deputy chiefs. County or municipat police departments comprise
14% of the interviews, and another 7% were with other emergency management
organizations, health departments and political officials. These interviews focused on
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the timing of critical events in the emergency response, involvement of emergency
response personnel in the decision process, examination of protection alternatives, the
emergence of viable protection alternatives, and the resolution of any resultant
conflict among personnel involved in the decision process.

Initial interviews consisted of 14 cases that had been previously examined regarding
the use of in-place sheltering techniques in response to chemical accidents resulting in
vapor clouds. In one community/event officials refused to participate, because the
event and subsequent response were currently under litigation. These cases were used
to refine the sample selection, interviewing, and coding processes. Because of the
enhanced recall associated with more recent events, and the lack of confounding from
other events occurring between the qualifying event and the interview it became
evident during the pretests that by reducing the time period between the event’s
occurrence and the interview more reliable data would result. In September and
December 1989, 10 cases were selected to pretest the guide used to interview commun-
ity officials associated with all events occurring in these months. Sampling all events
sometimes resulted in interviews being conducted long after the event. A simple
random sample of approximately one-half of all qualifying events occurring in 1990
was drawn. This sample resulted in 51 events or communities being selected for study.
Data regarding community response to 70 events were collected within weeks of the
event. Five cases were unable to be contacted. Hence, more than 98% of those
contacted completed the interview!.

These 70 events involved 232 emergency decisions. Because we are interested in the
full range of decistons in emergency response, these 232 decisions provide the data for
some analyses. These 232 decisions include 69 decisions to warn the public of
impending danger, 101 protective action decisions, and 62 explicit “all-clear” decisions
declaring the emergency over. It is clear that almost all events involve decisions to
warn the public, while many involve more than a single protective action decision.
Meanwhile, some events end without benefit of an explicit all-clear decision.

4.3. Measurement

Data for events in each community examined the decision process in terms of three
primary decisions: the “decision to warn” the public of impending danger, the
selection of an appropriate “protective action”, and the decision to issue an “all-clear”.
The decision to warn involves all the activities beginning with the first awareness of an
event until the warning system is activated. These activities can include the initial
identification, location and assessment of the hazard, the communication of this
hazard to a decision group, the discussion of alternative responses to the existing
hazard (which can give rise to conflict, and the resolution of that conflict), and the
implementation of that action. The protective action decision involves the selection of

1Sincere gratitude is expressed to those community officials who not only participated but cooperated in
the extreme — often enduring intensive interviews sometimes extending over several telephone calls.
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appropriate action(s) to be taken in response to the event. While it is often explicitly
or implicitly imbedded in the decision to warn, it is also frequently considered
separately. For example, it may become clear very early that the public will have to be
warned, but it may remain less clear as to what to tell the public to do in response
to the event. The all-clear decision involves monitoring or reassessing the hazard
as it progresses to determine when the danger associated with the event no longer
exists.

Data concerning the timing of a number of key events in the emergency were
reported. These key events include the time of the incident, the time the decision to
warn was reached, the time the protective action was selected, the time the warning
began and ended, and the time an all-clear was issued. All times were recorded in
decimal for ease of calculation. Because these events mark the times at which decisions
begin and end, the length of decision process is attainable. However, the events and
communities are not uniform, thus making measurement more difficult. For example,
some communities merged warning and protective action decisions, other events and
communities required multiple warnings and decisions regarding a staged response.
The length of response decisions is operationalized as the additional time required to
reach the next decision in the process, beginning with the decision to warn (DW),
followed by decisions about protective actions (PA), and concluding with an all-clear
decision (AC). The length of the decision to warn is the most clear emergency response
decision; the decision to warn’s length m is

m=(DW,—1I,+d) x 60

where DW, is the time of the decision to warn the public in hours since midnight, I, is
the time of the incident in hours since midnight, and d equals 0 if DW, and I, occur in
the same 24 h period and 24 if they occur on consecutive days. Multiplying by 60
converts the measure to minutes. Measurement is less clear for protective action
decisions, primarily because the time the decision begins is less clear. The additional
time required operationalization allows us to measure the time required for protective
action decisions; the protective action decision’s length m is

m=(PA,—DW,+d) x 60

where PA, is the time the protective action decision was reached in hours since
midnight, and the rest are defined as above, except d=0 if PA, and DW, occur on the
same day and 24 if they occur on consecutive days. The beginning of the all-clear
decision is also unclear. Respondents frequently link the reassessment of the situation
to events (e.g., the capping of a leak, the containment or suppression of a fire, the
off-loading of remaining chemical, or simply the arrival of an outside assessment
team). This would indicate that once these activities are completed officials begin to
reassess the situation to determine if people can return to normal activities; however,
this fails to account for the process of determining that the activity (e.g., containment,
off-loading, fire suppression) is critical to the all-clear decision. This study takes
advantage of a fundamental given; officials cannot consider issuing an all-clear before
they finish warning people of the impending danger, Hence, the time required to reach
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an all-clear decision m is measured as
m=(AC;—WE,+d) x 60

where AC, is the time the all-clear decision was reached in hours since midnight, WE,
is the time the warning process ended (i.e., the time public officials stopped warning
people of the impending danger), and the rest are defined as above, except d=0if AC,
and WE, occur on the same day and 24 if they occur on consecutive days. Measuring
decision times in this manner calibrates the timing of each event on the same scale and
thereby allows comparison.

Four categories of factors potentially affecting decision processes are considered:
type of decision, organization characteristics, situational factors, and the character-
istics of conflict and its resolution. The type of decision influences the fundamental
nature of the problem and is thereby expected to impact the decision process and its
timing. Hence, binary variables representing each type of decision were created where
the variable equals one if it is the particular type, else it is zero. Organizational
characteristics are measured in terms of the number of people involved in the decision
process (People), the reported use of standard operating procedures (SOPs), the
number of organizations involved in emergency decisions (Orgs), and the use of
external experts in the decision process (Exp). Situational factors are measured in
terms of the time of day the decisions are made (TBEG) and the time of the incident
(TIN). These organizational and situational factors provide the organization and the
situational setting for the decision making process. Finally, the leadership of the
response team is assessed in terms of the existence of conflict, and whether it was
resolved by consensus approach to organizational decision making (Con), or tended
to be resolved by leadership of a few individuals in the response team (Lead). Conflict
potential is assessed in terms of the existence of multiple people from multiple
organizations, because the existence of conflict is enhanced when many people, with
various points of view, from different organizational structures, with their distinct
reward structure, are involved in the decision process. Table 1 presents summary
statistics for the resulting variables.

5. Findings

The length of time required to make critical decisions during the community’s
response to chemical accidents varies considerably. The decision to warn the public
took an average of 79 min, ranging from less than a minute to more than 16h. The
95% confidence interval around the mean time it takes to reach a decision to warn the
public is from approximately 40 min to about 2 h. Protective action decisions took an
average of 1 h and 45 min, ranging from no additional time spent on protective action
decisions to over 24 h. The 95% confidence interval around the mean time it takes to
reach a protective action decision is from approximately 1h 15min to about 2h
15min. All-clear decisions seem to take considerably longer, averaging 7.5h, and
ranging from under a minute to nearly 2 days. The 95% confidence interval around
the mean time it takes to reach an all-clear decision is from about 5.5h or more than
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Fig. 3. Timing of decisions by type.

9.5h. Fig. 3 summarizes the timing of community response decisions by type of
decision in terms of the proportion having reached the decision by minute for the first
12h of the process.

Most of the decisions to warn the public of impending hazard are made rapidly,
50% are made within about 30 min, about 75% are made in the first hour, and about
90% of the decisions to warn the public are made within the first 2 h. Because the
protective action decisions are frequently incorporated in the decision to warn, about
45% of the protective action decisions contribute no additional time to the decision
process. Seventy percent of the protective action decisions are made within 30 min,
with about 85% being made within the first hour, and just under 90% being made
within the first 2 h. Hence, protective action decisions occur most rapidly; however,
this is consistent with the time added conception of decision process duration.
All-clear decisions generally use more time than either protective action decisions or
decisions to warn the public.

Given the nature of the decision to warn and the selection of appropriate actions to
protect the public, it seems evident that decisions directed at the attainment of
protection are arrived at more quickly than decisions that may (if made incorrectly)
result in exposure. Hence, “safe-side” decisions seem to be made more quickly than
decisions that might put people at risk. This finding is consistent with prospect theory
that suggests that the choices people make are sensitive to the perception of the
outcome,
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In order to test the relationship between each of the factors considered important in
the decision making process, zero-order Pearson correlations were calculated. Table 1
also presents the Pearson correlation matrix of the key factors of emergency decision
process. These correlations show that taken alone the type of decision (r,,=—0.190,
rqw=—0.185, and r,,=—0.404), use of standard operating procedures (r=—0.272),
and the time of the accident (r =—0.154) influence the amount of time spent in key
emergency decisions. The correlations with type of decision (r,,=—0.510,
raw=—0.157, and r,. =—0.409) are strengthened when related to the nonlinear form of
the duration of emergency decision (In(min)). Standard operating procedures
(r=—0.243) are also significantly related to In(min). These correlations confirm that
decisions to warn the public, and to take particular protective actions are generally
arrived at faster than all-clear decisions. Moreover, decisions using standard operat-
ing procedures are made more quickly than decisions without benefit of SOPs.
Finally, these data suggest that the earlier in the day the accident begins, the more
quickly decisions associated with that accident are made. This probably is the result of
differing organizational structures available at various times of the day, and the
operating procedures used by different organizational structures (e.g., skeleton crews).

6. Model development and discussion

How do these factors in the decision process jointly affect the amount of time
required for emergency response decisions? Given that the average number of people
involved in the decision represented here is 2.87 or 3, Fig. 4 presents an equalitarian
model for decision groups of size 3, assuming that emergency decisions are two-step
decisions, and that solvers outnumber nonsolvers about 2 to 1. These data show
a remarkable fit of the theoretically derived equalitarian model, with the length of the
decision to warn. In addition, the data observed for protective action decisions also
fits the theoretically derived equalitarian model for a group of three decision makers
quite well. All-clear decision may also fit the overall equalitarian model, but clearly
would require different assumptions about the composition of the group and the
nature of its operations.

In all observed cases, the amount of time required to make an emergency decision is
a logistic process. Hence, three separate conceptualizations of the required time to
arrive at a decision are considered: m, the minutes required to make an emergency
decision, In(m), the logistic function of required minutes, and the decision rank, where
the fastest decision is ranked 1, and the slowest decision is ranked 232 (i.e., n).
Decisions occurring in exactly the same number of minutes are randomly sorted one
ahead of another until a unique order is established. Because data are not available
regarding all the parameters of the Restle and Davis [6] equalitarian model of the
group decision process, a series of general linear models is fit that assesses the effect of
various characteristics of the decision group on the overall length of decision. Table 2
presents the results of the general linear models for each of these conceptualizations of
decision time required.
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Each of these models seems to confirm that decisions to warn the public of
impending danger are the most rapid decisions, with decisions about protective
actions being the next most rapid decisions, and all-clear decisions being the slowest
of the key decisions in emergencies. All models confirm that using experts to assist in
the decision process for all-clear decisions, or using standard operating procedures for
protective action decisions decreases the time required for these emergency decisions.
In addition, all models indicate that decisions starting earlier in the day are likely to be
completed faster than those beginning later in the day. This may have to do with
operational decisions to maintain the status quo until day-light hours. Only the
logistic and rank order models (i.e., which reduce the effect of extreme values) show
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that decisions made by consensus and via leadership reduce decision process times;
these same models show that expert-assisted decisions are typically slower decisions,
except when it is an all-clear decision. This is probably related to the time it takes to
bring in outside experts to assist in the emergency decision process. The number of
people involved in the decision, which reached a maximum at nine people, is directly
related to faster emergency decisions in only the model of minutes required for
a decision.

Because of the relationship of the decisions to various phases of the emergency
itself, each decision is likely to be comprised of different types of issues. Hence, the
decision process is likely to result in decisions of various durations, and factors
decreasing decision process time for one decision may increase decision duration for
another, and have no impact at all on still other types of decisions. While Table 2
confirms that each of these major emergency decisions are different in nature and that
these differences effect the decision’s duration, Table 3 separates each of these types of
decisions and examines how these differences are manifested in the factors impacting
the duration of emergency decisions.

There are three fundamental factors that significantly impact decisions to warn
the public of impending danger: the number of organizations involved, the resolution
of conflict via leadership, and the potential for conflict. Both the resolution of conflict
via leadership and the involvement of multiple organizations reduce the overall
duration of the emergency decision. Because leadership is the ability to reach
decisions when all people in a group do not agree, it is not surprising that it is related
to faster decisions. The apparent anomaly of multiple organizations decreasing
the amount of time it takes to make decisions to warn the public is probably
a function of organizational structures that require emergency response personnel
to warn the public with the authority of a high municipal authority, which is
by definition from another organization. However, conflict potential is defined
as situations when multiple people from multiple organizations are involved in
emergency decision making. Because these multiple organizations bring to the emer-
gency differing value structures and rules of operation, the potential for conflict is
increased.

Resolving conflict via leadership and consensus both serve to reduce the duration of
protective action decisions, but involving more people increases the duration of
decisions about protective actions. A small, but significant effect of the time of incident
on duration of protective action decisions indicates that protective action decisions
for incidents occurring in the evening (e.g., after 7 p.m.) are delayed an hour or more,
on average, when compared to protective action decisions for emergencies occurring
early in the morning (e.g., before 7 a.m.). This probably reflects a tendency to delay the
implementation of protective actions (e.g., evacuation) until day-light hours, when
accidents occur late in any 24h period. Only two factors significantly effect the
duration of all-clear decisions: resolution of conflict via consensus and the use of
experts. These both seem to be a reflection of an error on the side of caution decision
strategy. In other words, emergency responders will tend to declare an emergency over
only if (1) there is a consensus that no people will be put at risk by such a declaration,
or (2) an expert’s advice is sought to confirm that an all-clear decision is prudent, or
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Fig. 5. Comparison of residuals for logistic models of decision time in emergency decisions.

both. Both consensus and expert advice significantly decrease the duration of the
decision process.

The residuals associated with the general linear model of the In(m) required to
complete the decision process (Table 2) are presented in Fig. 5. Unfortunately, these
residuals are related to the underlying dependent variable. Specifically, In(m) predicts
more than 60% of the variance in the residuals. A coding bias, introduced by the
conceptualization of m, as the additional time required to make the particular
emergency decision, is strongly evident in the residual plot, with a line of residuals
corresponding to the responses that indicated no additional time was associated with
the decision, which was subsequently coded as 1s/60s=0.067 min. To examine the
impact of this conceptualization on the elements in the model, decisions that did not
contribute additional time to the emergency response (i.e., m=0) were eliminated
from the analysis. The new model of In(m) is compared to the original conceptuali-
zation in Table 4 and the resulting residuals are plotted in Fig. 5. While the obvious
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bias of the conceptualization is eliminated, the relationship between the residuals and
the amount of time to reach an emergency decision is reduced but still quite strong
(R?>=0.482). Further eliminating six cases reported with high leverage and thereby
identified as potential outliers virtually eliminates the relationship.

The models are very similar in that many of the same concepts are underlying the
length of the decision to warn. There is a modest improvement in the amount of
variance explained from left to right, as would be expected with the reduction in the
number of cases, The effect of it being a protective action decision is most impacted by
the reconceptualization, which is consistent with the fact that protective action
decisions were the most likely decision not to contribute to the overall duration. The
potential for conflict plays a significant role in the reconceptualized model, while it did
not in the original model. Moreover, resolving conflicts via consensus is not signifi-
cant in the reconceptualized model, while it was significant in the original model. Both
these models confirm that the character of the group impacts the duration of the
decision process in emergencies. This analysis shows that as corrective measures are
taken to deal with measurement bias, model parameters remain relatively unchanged.
Removing measurement bias in the dependent variable reduces the underlying cor-
relation between the residuals and the dependent variable. The limited number of
large leverage cases further supports the association of outliers with measurement
bias. This suggests that the potential for specification bias in these models is low.

7. Conclusions

These data indicate that the community decision processes in chemical emergencies
seldom result in immediate or instantaneous emergency decisions. Because these
decisions are not routine decisions, handled daily by emergency personnel, and
because chemical emergencies often involve the resolution of uncertainty, decisions in
chemical emergencies often involve information seeking. Chemical emergencies often
involve blame, culpability and potential litigation; hence, public officials are not
entirely comfortable with information provided by industry representatives involved
in the emergency. These events are rare enough that standard operating procedures
have not been developed for all local authorities (or uniformly applied nationwide).
The legal structure gives authority to undertake protective actions (e.g.; evacuations)
by the public to certain, often elected, officials. Community decisions are not made
immediately, and they often take considerable time, involving hours and sometimes
extending to several hours.

When decisions lead to the active avoidance of exposure, officials seem to take
evasive action more quickly, but when failure to decide results in passive avoidance of
exposure and continued inconvenience of the public, the decision process is often
protracted. These limited data of emergency decisions indicate that active avoidance
decisions (i.c., warning and protective action decisions), even though they may cause
inconvenience to the public, are arrived at more quickly than passive avoidance
decisions (i.e., all-clear). Hence, decision makers seem to error on the side of caution,
protracting decisions where resulting inaction results in exposure avoidance and
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continued inconvenience, but shortening decision times when inaction results in
exposures. Hence, active avoidance decisions are made more quickly than passive
avoidance decisions in emergencies.

This article examined the nature of the decision making group as one important
component in the duration of emergency decisions. Specifically, this article concurs
with the conclusion of Restle and Davis [6] that additional people in the decision
group who do not contribute to the decision tend to detract from the group’s
effectiveness, at least in terms of the amount of time it takes to reach a decision. Even
though the organizations involved in emergency situations often have military type
command and control structures (e.g., fire and police departments), the findings herein
indicate that emergency decisions by community leaders are not command and
control decisions, but rather equalitarian decisions where each group member adds to
or detracts from the group process. Moreover, this article begins to find what makes
groups of various sizes achieve decisions in different amounts of time. Passive
avoidance decisions where inaction can do no harm, and action might put people at
risk (i.e., all-clear decision) seem to rely more on consensus, and seem to be delayed at
the expense of an inconvenienced public. Conversely, active avoidance decisions that
potentially jeopardize lives if not made in a timely manner tend to be made, without
consensus, sometimes using leadership, and always more rapidly.

This research is an exploratory examination of the role of the leadership/power
structure of the decision group. It examines the mechanisms used to resolve conflicts
arising from differences among the decision makers regarding the best alternative for
protection. A number of important issues remain for future research. For example,
these issues include the search for the optimal use of personnel in disasters, when
should more people or organizations be added to the decision group? And when
should people and organizations be excluded? The analysis herein suggests that
people should be selected for inclusion in the decision making group based on their
ability to contribute to the decisions, because non-contributors seem to detract from
the group’s effectiveness; however, these results require further study to be conclusive.
Other questions to be answered include how can research get beyond the measure-
ment problems associated with effectiveness, so that the concept includes both quality
and timing of the decision? How do decisions by emergency officials effect public
response? Do fast decisions lead to rapid (or slow) public response? Or conversely,
do slow deliberate decisions lead to rapid (or slow) public response? What are
the circumstances that lead to each, and why? These issues have tremendous con-
sequences for public policy concerning emergency decision making by public
officials.
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