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Abstract

Emergency preparedness for chemical hazards is a relatively recent phenomenon. The earliest
plans were adopted in the late 1960°s but more than half of the existing chemical plans were
enacted after 1987. The central purpose of this paper is to examine factors underlying variations
in levels of community preparedness for chemical hazards. Ideally, the implementation process
would be observed directly in a number of communities to determine the events and factors that
stimulate the adoption of various planning practices; However, such a study is probably unreal-
istic, expensive and unlikely to be able to observe enough of the process to be useful. This paper
examines survey data collected in late-1987 and mid-1988, in support of the SARA Title 111 Sec-
tion 305b Report to Congress. Five factors related to the adoption of state-of-the-art planning
practices among local community emergency management organizations are examined: innova-
tion, available resources, necessity, vicarious experience, and professionalism. While each of these
factors exhibit relationships with the adoption of state-of-the-art planning practices, none is suf-
ficient to explain the trends in the adoption of planning practices. Supporting evidence is pre-
sented that links the adoption of state-of-the-art planning practices to the evaluation of risk in
the community and innovation in other related areas.

Introduction

While local governments have been doing emergency planning for a number
of years, concern about preparedness for chemical hazards is a relatively recent
phenomenon. As in other diffusion and adoption processes, some emergency
planning offices have been innovators adopting planning practices early, while
others have taken longer. Among those adopting planning practices, the level
of planning and sophistication of planning practices ranges from the commu-
nity with a page-long annex in their general emergency plan to communities
with detailed procedures and computerized decision support aids.
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The adoption of state-of-the-art emergency planning practices appears to
be occurring for the same reasons that other planning practices are adopted:
more sophisticated emergency managers, the development of a considerable
body of technical support for planners, and accumulated experience with emer-
gencies. This paper examines factors leading to the adoption of emergency
planning practices for chemical hazards among local government emergency
organizations.

Hazard experience and adoption of emergency plans

The frequency of chemical accidents reported by AP/UPI involving public
response by year and type of accident is presented in Fig. 1. Sorensen [1]
examined the frequency of chemical accidents resulting in an evacuation of the
public in the five year period, 1980 to 1984. He found more than 50 chemical
accidents a year, on average, involved the evacuation of at least 10 people. The
frequency of chemical accidents reported by AP/UPI has nearly doubled since
1984, involving over a hundred accidents a year (on average). The most ob-
vious explanations are that the media reporting increased or the number of
evacuations increased. Without data on the frequency of accidents that were
not reported by the media it is impossible to determine the causes of the in-
crease in 1985. Recalling that the accident in Bhopal occurred in December
1984 suggests that reporting practices may be related to the increased fre-
quency of reports. Whether due to an actual increase in events or the greater
scrutiny by the media, the experience of the 1980’s suggest that conditions
existed for the increased adoption of emergency plans for chemical hazards.
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Fig. 1. Frequency of chemical accidents involving public response by year in the U.S.
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Fig. 2. Adoption of chemical annex to emergency plans by year.

Emergency planning organizations also responded to the Bhopal accident
and the increasing frequency of chemical accidents. Figure 2 presents the dis-
tribution of communities adopting chemical annexes to their emergency plans
by year. This distribution is arbitrarily partitioned by the occurrence of the
Three Mile Island nuclear accident in 1979, the Bhopal accident in 1984, and
Superfund Reauthorization and Reallocation Act (SARA) of 1986. T'itle III of
SARA requires communities to develop emergency response plans for fixed-
site facilities that store hazardous chemicals. The curve depicts the typical
early stages of a logistic diffusion process. Prior to 1979 there were few adopters
of an emergency plan for chemical hazards. Approximately 70% of the com-
munities reported the adoption of chemical annexes to their emergency plans
after the accident at Bhopal.

Early adoption hypotheses

Research on the diffusion processes have focussed on two levels of analysis:
individual and organizational [2]. Diffusion of innovation among individuals
has been characterized as a mass communication or hypodermic model, where
extensive propaganda and media campaigns heavily influence decisions, and/
or as a contagion or two-step flow model where opinion/action leaders influ-
ence the decisions of others [3,4]. Granovetter [5] argues that even relatively
weak ties in a social network provide important channels of information that
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exert a powerful influence on decisions. Diffusion among individuals places
emphasis on the concept of opinion leader [6]. Rogers [2] categorizes the at-
tributes of innovators and characterizes the people choosing to innovate at
various stages of development.

It is argued that organizational innovativeness is the result of the innovative
character of the individuals in the organization, the internal structure and
resources of the organization, and/or the external context of the organization.
For example, when innovative individuals are in leadership roles of an orga-
nization and the organization is highly centralized, the organization is likely
to be innovative.

While these explanations and descriptions of innovation process provide
context, they are of limited utility in understanding the diffusion of planning
practices among loosely connected organizations. Individual models are lim-
ited because they fail to recognize organizational constraints. Organizational
models cannot be applied directly to groups of organizations. Conceptually the
diffusion of innovation among emergency organizations is a hybrid situation
requiring both the contagion aspects of the individual model, as well as the
resource/constraints of the organizational model. This paper examines five
hypotheses related to the adoption of planning practices associated with emer-
gency planning and response organizations in local communities. The hy-
potheses reflect a synthesis of the individual and organizational theory. We
have labeled these as the innovation, resources, necessity, vicarious experi-
ence, and professionalism hypotheses.

The innovation explanation posits that adoption decisions are influenced by
individual innovation decisions (innovative personalities), and the chain-re-
action of innovation through social networks that communicate the effective-
ness of adoption (communication among peers) [7]. Innovative emergency
organizations are more likely to adopt new planning practices than non-in-
novators. By virtue of their innovative character or the organization’s internal
and external structure, innovators are also more likely to adopt the use of new
technologies than non-innovators. If the use of state-of-the-art planning prac-
tices among emergency managers is a function of innovative character or struc-
ture, emergency organizations using these planning practices will be more likely
than non-users to have state-of-the-art warning systems and communications
systems.

Another explanation posits that innovative planning practice decisions are
limited by, if not a function of, available resources. For example, Cyert and
March [8] find that the availability of uncommitted resources or organiza-
tional slack generally increases innovativeness in organizations. Quarantelli
[9] finds that community preparedness is less likely in sparsely populated
areas which are often characterized by a weak resource base. Although some
planning practices (e.g., the development of commmunication protocols) are
nearly “cost-free”, most still require personnel to implement. If the adoption
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and use of state-of-the-art planning practices among emergency organizations
is a function of available resources, communities with greater resources (e.g.,
larger jurisdictions ) will be more likely to use state-of-the-art emergency plan-
ning and management practices. Or put another way the more resources avail-
able, the more planning practices will be adopted.

Anocther explanation is based on the fundamental relationship between ne-
cessity and invention. Effective emergency planning organizations tend to per-
ceive a high probability of a disaster [10,11]. This explanation argues that as
needs exceed capabilities new and more effective approaches are sought to more
fully meet these demands. If the use of planning practices among emergency
organizations is a function of necessity, communities using state-of-the-art
planning practices will be characterized by fewer emergency management per-
sonnel (lower capacity), more chemical facilities (higher burden), or have
higher burden-to-capacity ratios than non-innovative organizations. Emer-
gency preparedness depends on the level of perceived threat [12]. In emer-
gency planning and management, necessity can also be characterized in terms
of protection that must be provided. Hence, as population-at-risk (PAR) in-
creases, the community’s need for protection (necessity) also increases. Hence,
the necessity explanation posits that communities employing state-of-the-art
emergency planning and management practices will have higher PAR’s than
non-innovative communities. This hypothesis implies that the adoption of
emergency planning practices associated with chemical emergencies reflects a
response to precipitous events; it is not difficult to imagine a dramatic chemical
emergency, or “near-miss’’ in the area focussing public and organizational at-
tention on preparing for similar events in the future. Emergency preparedness
has been found [9] to depend on level of threat and how that threat is defined.

Tierney [12] finds that emergency preparedness depends on the technical
capabilities of the people. The adoption of state-of-the-art planning practices
in emergency management may be the function of organizations acquiring req-
uisite skills for emergency planning through experience such as the involve-
ment in prior emergency management programs. As people in the organization
become proficient in these skills, their experience and knowledge of these tools
facilitates the transition in applying these tools to the problems associated
with chemical hazards. Having warning systems associated with other emer-
gency management programs (i.e., civil defense, nuclear power plant prepar-
edness, or flashflood preparedness) indicates exposure to other emergency
planning practices. Hence, it can be argued that organizations with previous
experience with these programs are more likely to adopt state-of-the-art plan-
ning practices.

The professionalism explanation posits that decisions to use state-of-the-
art emergency planning practices are based on organizational judgments of
proficiency and competence. Quarantelli [9] suggests that the lack of profes-
sional personnel and organizational leadership may hinder emergency prepar-
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edness for chemical emergencies. Innovative practices are seen as increasing
the effectiveness of emergency planning and response organizations, and are
adopted because they are perceived to enhance the organization’s ability to
respond. In other words, decisions to adopt are part of the professional char-
acter of the emergency planning and response organization. If use of state-of-
the-art planning practices among emergency organizations is a function of
professionalism, communities using them are expected to be more likely to
have assigned responsibility for planning, have a lower proportion of volun-
teers, and a higher proportion of full-time-paid personnel than communities
not using state-of-the-art planning practices.

Data and methods

Title III of the Superfund Amendments and Reauthorization Act (SARA)
requires facilities that store, use or produce certain (listed) chemicals to report
the quantities of these chemicals to the local officials responsible for commu-
nity emergency planning. Under Section 305b of Title III, the U.S. Environ-
mental Protection Agency (EPA) was required to prepare a Report to Con-
gress reviewing the current emergency response systems for chemical accidents
[13]. The EPA commissioned a survey of communities to provide the basis for
this report from the community perspective. The data concerning planning
practices were collected as an integral part of this larger survey of emergency
management capabilities. The larger survey of communities employed a
matched-pairs research design, which matched communities with previously
selected chemical facilities [14,15] and allowed the overall capabilities survey
to be used to interpret the results of the community study in the full context
of the potential hazards faced. The design also provided a set of communities
with a full range of facility types with respect to chemical used, quantities
handled, size, age and release experiences. A second survey was undertaken to
provide results generalizable to the nation’s preparedness for chemical hazards
associated with fixed chemical facilities. The results of this random sample of
500 communities represent the state of community preparedness for fixed-site
chemical emergencies.

Sampling and response

For the December 1987 survey, the sample was comprised of political juris-
dictions responsible for emergency planning for a release from a site selected
in the sample of chemical facilities. Selected facilities were matched to local
emergency management agencies in the Federal Emergency Management
Agency’s Hazard Identification Capability Assessment and Multi-Year Devel-
opment Plan (HICAMYDP) data base. From the initial list of 525 selected
facilities, 248 municipal or county jurisdictions were matched by first matching
on place name and then on county of location. Of the remaining 276 facilities,
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61% were eliminated as duplicate facilities for a single municipality, and 25%
were duplicates at the county level and eliminated. Of the remaining 39 facil-
ities that did not match the HICAMYDP data base, appropriate local emer-
gency management organizations were identified for 29 facilities, resulting in
a total sample size of 277 local emergency planning organizations matched
with chemical facilities sampled by the EPA.

The questionnaires were mailed to the chief or head of the local agency re-
sponsible for emergency planning in each local jurisdiction in the community
sample. Instructions were included to have the recipient give it to the appro-
priate person in the jurisdiction or area who was in charge of emergency plan-
ning for the facility. For the December 1987 survey, follow-up letters were sent
to all communities not initially returning the questionnaire. Responses from
59.5% of the December 1987 sample were received; however, 23 communities
either did not have or no longer had the reference facility, and five responses
consisted of plans or letters only and were not coded.

For the June 1988 survey, a simple random sample of 500 communities was
selected from a total of 2176 communities reporting a significant fixed site
chemical hazard in their community. Seven additional communities were added
to represent communities near each of the eight sites in the continental United
States that store the unitary chemical weapons stockpile [16-18]. Those com-
munities that were sampled as part of the first survey, 99 in all, either through
their response that “this survey was no longer applicable to their jurisdiction”,
or by completion of the instrument were simply included in the second survey
using their response to the first survey. No community that refused or failed
to respond to the first survey was given the opportunity to respond to the sec-
ond survey. The resulting sample size was 507, with 34 of the randomly selected
communities having completed the first survey, and 65 either failing to respond
to the first survey, or indicating it was not longer applicable in the jurisdiction.

The resulting 408 surveys comprising the second survey were mailed June
27, 1988. For a variety of contractual and organizational reasons, the follow-
up letters to all communities that had not yet responded were not mailed until
August 31, 1989. This placed the burden for the completion of the survey at
precisely the same time as the October 17, 1988, SARA-Title III deadline. Many
officials called us to apologize that they had taken so long and to ask that we
accept their response after the deadline. A total of 169 of the 408 surveys mailed
were returned (41.4% ). Combining these with the 34 of 99 that were completed
during the December 1987 survey and re-sampled by chance, and the 21 that
responded that the survey no longer applied to their jurisdiction results in a
44.2% response rate. While the response rate is less than anticipated, it is
probably associated with the delays in sending the follow-up letter, and the
shifting of the burden to the critical time period associated with the legal re-
quirements of SARA Title II1.
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Measuring planning practices

Data was collected in the surveys on various elements of each of the groups
of practices. Measures of the level of adoption for each group was constructed
by summing the number of practices by each community within the group and
then normalizing the score between zero and one. In this fashion 5 indices were
constructed.

An overall measure of planning practices was operationally defined as the
average of the composite indices of plans, resources, protocols, coordination
and cooperation, and computer use. The resulting variable ranges from zero to
one conceptually, and 0.07 to 0.9 empirically, with a mean and standard devia-
tion of 0.46 and 0.16 respectively.

Plans are the backbone of a community’s emergency preparedness program.
The plan(s) variable is operationalized as the average of binary variables rep-
resenting the existence of a general emergency plan, a section on chemical
hazards, a special plan or annex for a reference facility in the community’s
jurisdiction, and the adoption or revision of the chemical plan after 1985. The
resulting variable ranges from zero to one both conceptually and empirically,
with a mean and standard deviation of 0.73 and 0.24 respectively.

The existence of emergency response resources is a direct measure of exist-
ing capabilities in the community. Response resources are operationalized as
an average of binary variables representing the existence of technical assis-
tance or expertise, a fire team, an emergency response team, a hazardous ma-
terials team, a decontamination team, medical personnel, decontamination
equipment, monitoring equipment, and protective equipment. The resulting
variable ranges from zero to one both conceptually and empirically, with a
mean and standard deviation of 0.50 and 0.27, respectively.

Written protocols guide the conduct of critical functions in emergency re-
sponse, focussing on the implementation of critical functions such as particu-
larly important decisions, and communication between critical elements of the
emergency response. Written protocols and procedures are operationally de-
fined as the average of binary variables representing the existence of written
decision making protocols for issuing a warning to the public and recommend-
ing an appropriate protective action, and written procedures for issuing an
alert/warning to the public generally and specifically for the reference facility,
and written message protocols for communicating with the public and insti-
tutional facilities. The resulting variable ranges from zero to one both concep-
tually and empirically, with a mean and standard deviation of 0.29 and 0.27,
respectively.

Cooperation and coordination with interested parties to provide an inte-
grated emergency preparedness program involves establishing and maintain-
ing relationships, people, and organizations that are likely to be involved in
emergency response. Cooperation and coordination is operationally defined as
average of binary variables representing community representation on the Lo-
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cal Emergency Planning Committee for the area, using information provided
by the Chemical Manufacturers Association’s Community Awareness/Emer-
gency Response (CAER) program, conducting recent emergency exercises,
having been provided information from the reference facility regarding the
hazardous chemicals at the facility, and having on-going coordination of emer-
gency planning with the reference facility and other communities in the area.
The resulting variable ranges from zero to one both conceptually and empiri-
cally, with a mean and standard deviation of 0.58 and 0.25, respectively.

Using computers for emergency preparedness involves making preparations
for potential emergencies in advance (planning), and directing the response
to an emergency while it is occurring and in its immediate after math (man-
agement). For example planning use would be communities using computers
to develop detailed inventories of hazardous materials in the area, or compile
inventories of response capabilities, equipment, and personnel. Management
use of computers might be using computers to assist in emergency communi-
cations and dispatch, or to map the locations of hazardous materials and re-
sponse capabilities and resources, or simply to provide prioritized response
check-lists. Respondents from each community were asked about the extent
of their community’s use of computers. Operationally, computer use is defined
as the average of binary variables representing use of computers for emergency
planning and management, and the specific use of software designed for emer-
gency management and chemical dispersion modelling. The resulting variable
ranges from zero to one both conceptually and empirically, with a mean and
standard deviation of 0.23 and 0.24, respectively.

Measuring early adoption hypotheses

The innovation hypothesis implies that emergency managers who use so-
phisticated emergency planning practices would also be more likely to have
state-of-the-art warning systems and communications systems. Emergency
warning systems are considered state-of-the-art when they generally rely on
adequate fixed (permanently installed) mass warning devices (e.g., sirens,
strobes and public address systems) and/or devices that contact people more
individually (e.g., tone alert radios, radio pagers, and automatic telephone di-
alers). Considered non-innovative are systems relying on portable sirens and
public address systems, the emergency broadcast system and NOAA weather
radio. Communications systems are considered state-of-the-art when equip-
ment in the Emergency Operations Center include a 911 emergency telephone
system, dedicated telephones to the reference facility, automatic ring-down
systems, or a computer link with the facility. Non-innovative communications
are characterized by regular commercial telephones, manual alarms, and radio
communications.

The available resources hypothesis implies that communities with greater
resources (e.g., larger and well funded jurisdictions) will be more likely to adopt
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sophisticated emergency planning and management practices. Two indirect
and one direct measure of available resources are tested. The indirect measures
are relatively weak, potentially confounded and provide results that are diffi-
cult to interpret solely in terms of the available resources hypothesis. One in-
direct measure argues that cities are generally experiencing fiscal difficulties,
hence, they are expected to have fewer resources available for emergency man-
agement than county, and city-county jurisdictions. The other indirect mea-
sure argues that because available resources are directly associated with pop-
ulation, population size of the jurisdiction is an indicator of resources. Finally,
fiscal resources at the community level and for emergency planning and man-
agement represent direct measures of resources.

The necessity hypothesis implies that planners using state-of-the-art plan-
ning practices will be characterized by fewer personnel (lower capacity), more
chemical facilities (higher burden), or have higher burden-to-capacity ratio
than non-users. In addition, as population-at-risk (i.e., PAR within a mile and
PAR within 5 miles) increases, necessity is deemed to increase. Moreover, as
the evaluation of risk associated with fixed chemical facilities increases, the
emergency planning practices are likely to increase. Historical occurrences of
emergency events and the hazard assessment are indicators of the communi-
ties necessity. Hence, it is postulated that communities using sophisticated
planning practices are likely to have higher PAR’s than communities not-using
them.

The vicarious emergency planning experience hypothesis implies that com-
munities that have warning systems associated with other emergency planning
programs will be more likely to adopt state-of-the-art planning practices for
chemical emergencies. Hence communities having warning systems associated
with other emergency management programs (i.e., civil defense, nuclear power
plant preparedness, or flashflood preparedness) will be more likely to adopt
planning practices.

The professionalism hypothesis implies that communities employing so-
phisticated planning practices will be more likely to have a lower proportion
of volunteers and a higher proportion of full-time paid personnel than com-
munities using less sophisticated planning practices. In addition, these com-
munities are likely to have more people (larger organizations) involved di-
rectly in emergency planning. The proportion of volunteers and full-time paid
personnel are represented in terms of total emergency personnel available to
respond to a chemical accident at the reference facility.

Composite and factor indicators

In addition to examining each of these individual indicators associated with
the innovation hypotheses, this paper constructs composite indexes associated
with each explanation. These composite indicators are defined via two alter-
native methods: a Boolean summation of small numbers of binary variables,
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and a factor analysis using principal components. Innovation hypotheses rep-
resented by a few binary indicators revolving around a central concept are
combined using Boolean summation (i.e., innovation in other areas and vicar-
ious exposure to other emergency planning programs). A value of one repre-
sents having one of the sophisticated warning or communications systems, or
being involved in one of the identified emergency preparedness programs, re-
spectively. Factor analysis of the innovation hypotheses represented by more
continuous variables, revolving around divergent aspects of the underlying
concept, is used to represent the underlying concept. The correlation of indi-
vidual and principal components indicators of financial resources, necessity,
and professionalism are presented in Table 1.

A factor analysis of indicators associated with available resources results in
two components. The principal component of available resources is positively
related to individual financial resource indicators. Individual variables sum-
marizing total budget available are highly correlated (r> 0.9), while indicators
representing spending decisions or per capita spending are weakly related
(0<r<0.15). The second factor of available financial resources is weakly as-
sociated with total budget indicators (0<r<0.1) and negatively associated
with indicators representing spending decisions and per capita expenditures
(r < —0.7). This analysis of the factor space seems to conform to a total budget,
spending decision/per capita budget pattern.

A factor analysis of indicators associated with necessity results in two com-
ponents. The principal component of the necessity indicators is positively as-
sociated with individual variables that represent the risk or hazard assessment
(r>0.4), and more weakly related to variables representing past experience
with hazards (0<r<0.35). The second factor is negatively associated with
indicators of risk or hazard assessment (r< —0.25), and positively related to
prior experience with chemical emergencies (r> 0.4 ). While these associations
are less clear than those involving local government fiscal resources, there does
appear to be dual elements of necessity associated with typical risk and hazard
assessment variables on the one hand and previous emergency experience on
the other. This may be a consequence of the inherent relationship between
prior experience and hazard assessment.

The factor analysis of indicators associated with professionalism also results
in two components. The principal component of professionalism is positively
associated (r> 0.4) with individual indicators that represent the proportion of
FTEs in emergency response organizations in the community, and the number
of paid FTEs in the emergency planning organization, while negatively asso-
ciated (r< —0.7) with the proportion of volunteers and the number of part-
time employees. The second professionalism factor is positively related (r>0.6)
to the number of full- and part-time employees, and weakly related (0 <r<0.15)
to the proportion of volunteers and FTEs. These associations indicate the first
factor, associated with full-time commitment to emergency management in the
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TABLE 1

Correlation of individual characteristics and factor scores representing alternative hypotheses

Resources R(1) R(2) $/PopN Police Rev$ Pub.saf. Exp$
R(2) (0.003

$/PopN 0.142 —0.738

Police$ 0.985 0.016 0.136

Revenue$ 0.995 0.049 0.117 0.992

Pub. safety 0.120 —0.731 0.115 0.098 0.073

Expend$ 0.995 0.047 (.119 0.993 1.000 0.074

PopN 1980 0.935 0.097 0.027 0.867 0.905 0.091 0.904

R =available resources (factors 1 and 2), where (1) seems to be total budget and (2) seems to be
per capita/proportional

Necessity N(1) N{(2)

PopN<1 PopN<5 Em<5 #Evt #W #Eve P(H/y) Fac

N(2) —0.003

PopN <1 0.428 —0.373

PopN<5  0.076 —0.120

Emer < by 0.816

# Events 0.232 —0.100

# Warn's 0.430
# Evac’s 0.098

P(Haz/y) 0.617 —0.411
Facilities 0.470 —0.363
Fac/FTE 0.356 —0.277

0.831

0.275

0.269 0.148 —-0.011

0.024 0.014

0.735 —0.020 —0.028
0.431 0.000 —-0.006

0.187 0.033
0.102 0.018
0.022 —0.001

0.167
0.392
0.079
0.319
0.199
0.158

0.014
—0.003 0.076
0.119 —0.043 —0.045
0.331 —0.029 —0.015 0.178
0.155 —0.033 —0.013 0.113

N =necessity (factors 1 and 2), where (1) seems to be risk related and (2} seems to be experience
based. PopN < i means number of people within an i mile radius

Professionalism P(1) P(2) P(vol) P(FTE) Paid<FTE
P(2) 0.000

P(Vol) —0.705 0.125

P(FTE) 0.791 0.020 —0.346

Paid <FTE —0.419 0.605 0.091 —0.151

Paid FTE 0.429 0.758 -0.070 0.177 —0.045

P =professionalism (factors 1 and 2), where (1) seems to related to full-time employees and (2)
part-time and voluntary people

community, is relatively robust, but that the second factor, associated with
numbers of paid part- and full-time employees engaged in emergency planning

is marginal.
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Planning practices

This paper identifies five fundamental groups of planning practices: emer-
gency plans, existing resources to respond to an emergency, specific written
protocols for decisions and procedures for actions, cooperation and coordina-
tion with other interested parties, and the use of computers for emergency
planning and management. Figure 3 summarizes the distribution of each plan-
ning practice and the composite and individual elements of planning practices.
Previous research identifies similar types of planning elements as good plan-
ning practices and activities [19,20]. On average communities have adopted

Plume Modelling | ]
Special Em Program [ ]

Plans

Facility Prot. ]
Inst. Message Prot. B Resources
Computer Use E Protocols
Prot. Action D-M 4 Cooperation
Computer Management O Computer use
Decontamination Equip B Summary

Protocols

Warning Message Prot.

Decontamination Team

Coor /w Facility

HazMat Team g 7

Computer Planning | |

Facility Plan

Monitring Equip

Technical Assistance
Planning Practices R SR

Exercise Freq. [ZZZZZZZZZ2z22272222224

Coor iw Other locals [rzzzzzzzz2z72z2z;22z;2z22z2222222222

Resources ety

Protective Equipment :

Waming D-M

CAER

Coordination R e

Revised Chemical Plan

Facility Information F

Chemical Plan

Backup EOC

Medical Team A

LEPC Representitive. [Zzzzzzzzz /72 zzz 7z 27z 7

Fire team % ST
Emergency Plan

G

0.0 0.2 0.4 0.6 0.8 1.0
mean

Fig. 3. Emergency planning practices and components.



16

just under half (0.46) of the planning practices examined. Nearly all commu-
nities have an emergency plan, but very few have adopted the use of computers
to model plume exposure. Plans of all types are the most commonly adopted
planning practice, while the use of computers for emergency management is
the least frequently adopted. Having a plan specifically for the reference facil-
ity is the least often adopted planning practice involving plans. Using a com-
puter for emergency planning is the least often adopted planning practice in-
volving computer use.

Over half (0.56) of planning practices involving coordination and coopera-
tion with other interested parties were adopted by the communities sampled.
Being represented on the LEPC is the most frequently reported planning prac-
tice involving coordination, while ongoing coordination with the reference fa-
cility is the least often reported planning practice in this regard. About half
(0.50) of the emergency response resources planning practices have been
adopted by communities. A fire team is the most frequently reported emer-
gency response resource, being adopted by more than 4 out of 5 communities,
while decontamination teams and equipment the least often adopted planning
practice associated with response resources. Less than a third (0.29) of the
planning practices associated with adoption of written protocols and proce-
dures are reportedly adopted by the communities examined. The most fre-
quently adopted protocol or procedure involves the decision making protocol
for emergency warnings, while the least frequently reported protocol or pro-
cedure involves the warning for the reference facility.

Findings

Table 2 represents the zero-order Pearson correlations of planning practices,
the principal elements of planning practices and individual indicators associ-
ated with each hypothesis. As would be expected the correlation among the
component indicators of planning practices are relatively high. In addition,
those elements least correlated with planning practices are the most extreme,
with either the vast majority of communities adopting (plans) or not adopting
(computer use). Conversely, the highest correlations are among those ele-
ments closer to planning practices in Fig. 3.

Innovation

If innovation is related to the adoption of emergency planning practices
among communities, emergency managers that have adopted innovative state-
of-the-art communications and warning systems will be more likely to adopt
planning practices. The individual level correlations in Table 2 indicate that
the adoption of both state-of-the-art communications and warning systems are
positively related to planning practices, but only the use of sophisticated com-
munications systems are significantly related (r=0.35). Having sophisticated
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Correlation of indicator of innovation and planning practices (PP)
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PP EP R P CuU cC
Emergency plans (EP) 0.517~
Resources (R) 0.697 ~ 0.126 ~
Protocols (P} 0.676 ~ 0.231 ~ 0.357 ~
Computer use (CU) 0.548 ~ 0.061 0.254 ~ 0.181 ~
Cooperation &
coordination (CC) 0.728 ~ 0.260 ~ 0.424 ~ 0.352 ~ 0.264 ~
Innovation
State of art:
Warning system 0.060 0.063 —0.026 0.044 0.021 0.096 ~
Communication system 0.350 ~ 0.066 0.363 ~ 0.289 ~ 0172~ 0.201~
Available resources
Government-Expenditures
Total 0.111~ 0.086 0.145 ~ 0.004 0.055 0.059
Public safety 0.091 0.081 0.133~ —0.010 0.046 0.036
% on Public safety 0.145~ —0.041 0.209~ —0.017 0.143 ~ 0.164 ~
Revenues 0.110~ 0.086 0.143 ~ 0.003 0.056 0.059
Population {1980) 0.194 ~ 0.079 0.225 ~ 0.059 0.075 0.171~
City 0.095 ~ 0.089 0.100 ~ 0.060 0.053 0.003
Necessity
Facilities 0.147 ~ 0.066 0.213 0.060 0.061 0.057
Facilities/FTE 0.075 0.028 0.129 ~ (0.008 0.091 —0.023
PopN < 1 mile 0.185 ~ 0.039 0.161 ~ 0.096 ~ 0.087 0.136 ~
PopN <5 miles —0.014 —0.095 0.1560~ —0.041 —0.019 —0.051
Emergency <5y 0.384 ~ 0.045 0.378 ~ 0.351~ 0.068 0.351~
P (Chemical
emergence/y) 0.314~ —=0.007 0.337 ~ 0.184 ~ 0.148~ 0.311 ~
# of Events —0.005 —0.094 0.063 —0.028 —0.082 0.117 ~
# of Warnings 0.212~ 0.104 ~ 0.103 ~ 0.105 ~ 0.096 ~ 0.266 ~
# of Evacuations —0.047 0.011 —0.038 —0.048 —0.054 —0.020
Vicarious experience
Warning systems:
Civil defense 0.105~ —0.039 0.100 ~ 0.141 ~ 0.019 0.101~
Nuclear power plant 0.079 —0.094 0.079 0.209~ —0.008 0.051
Flash floods 0.086 —0.01 0.079 0.204~ —0.067 0.054
Professionalism
Paid FTEs 0.238 ~ 0.041 0.221 ~ 0.124~ 0.111 ~ 0.252 ~
Paid PTEs 0.106~ —0.047 0.143 ~ 0.124~ —0.037 0.137~
Proportion FTE 0.181~ 0.134~ 0.128 ~ 0.040 0.103 ~ 0.011
Proportion volunteers —0.058 —0.028 —0.094 0.066 —0.106~ —0.023

~ Significant at 0.1 level (a <0.1).
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TABLE 3

Correlation of planning practices (PP) and components representing alternative hypotheses

PP I v R(1)  R(2) N(I) N@ P
I 0.160

v 0.148  0.045

R(1) 0.133 0041 —0.031 1000

R(2)  —0073 —0.039 0000  0.003

N(1) 0463 —0.102 0167 0411  0.076

N(2) 0.004 0117 0006 —0379 0034 —0.003

P(1) 0.136  0.164 —0.022 0248 —0.134 0074 —0.108

P(2) 0251 0034 0186  0.162  0.061  0.386 —0.104 0.000

PP =planning practices, including plans, emergency resources, protocols, computer use, and co-
operation and coordination.

I =innovation in terms of state-of-the-art communication or warning systems.

V =vicarious experience in terms of warning systems associated with previous emergency programs.
R =available resources (factors 1 and 2), where (1) seems to be total budget and (2) seems to be
per capita/proportional.

N =necessity (factors 1 and 2), where (1) seems to be risk related and (2) seems to be experience
based.

P =professionalism (factors 1 and 2), where (1) seems to related to full-time employees and (2)
part-time and voluntary people.

communications systems are positively related to four out of five of the com-
ponents of planning practices, excluding only emergency plans. The positive
correlation (r=0.16) between the use of either a sophisticated warning or com-
munication system (s) at the composite level, and planning practices (Table
3) seems to indicate that innovation in other areas is associated with the adop-
tion of state-of-the-art planning practices as hypothesized.

Available resources

If local communities adopt planning practices because financial resources
are available to do so, the communities with greater resources would be more
likely to adopt planning practices. Five of the six individual indicators of avail-
able resources are significantly related to planning practices including, local
government revenues and total expenditures, as well as proportion spent on
public safety, total population in the jurisdiction, and being a city rather than
a county based jurisdiction (Table 2). Only expenditures on public safety are
not related to the adoption of emergency planning practices. These five ele-
ments of available resources are all positively correlated, with coefficients
ranging from 0.09 to 0.19, associated with being a city, and jurisdictional pop-
ulation, respectively. Each of these five indicators are positively correlated with
at least one of the component elements of planning practices, and the propor-
tion of expenditures spent on public safety is significantly related to 3 out of 5
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of the components. The positive relationship between planning practices and
the overall budget factor, and negative association with the proportional or per
capita factor at the composite level (Table 3) indicates the potential for a more
complex relationship between available resources and the adoption of planning
practices than hypothesized. One explanation might be simply that larger places
have more revenue to spend on planning, which suggests a threshold or inter-
cept effect.

Necessity

To the extent communities adopt emergency planning practices as a func-
tion of necessity, these same communities will be characterized by fewer per-
sonnel (lower capacity), more chemical facilities (higher burden), or have a
higher burden to capacity ratio than communities adopting fewer planning
practices. In addition, indicators associated with the evaluation of the risk
posed by fixed chemical facilities in the community will be associated posi-
tively with planning practices. Five of the nine individual indicators of neces-
sity are significantly correlated with the adoption of emergency planning prac-
tices including, the number of facilities, the population within a mile of the
reference facility, the assessed likelihood of chemical hazard per year, the oc-
currence of an emergency in the previous five years, and the number of emer-
gency warnings in that period (Table 2). These five indicators of necessity are
all positively correlated, with coefficients ranging from 0.15 to 0.38, associated
with the number of facilities and the occurrence of an emergency event in the
previous five years, respectively. Each of these five indicators are positively
correlated with at least one of the component elements of planning practices,
and the number of emergency warnings is positively correlated with each of
the component elements of emergency planning practices. The necessity factor
related to hazard or risk assessment, exhibits the strongest zero-order corre-
lation with emergency planning practices (r=0.46). Interestingly, the second
necessity factor, related to experience with hazard, is very weakly related to
the adoption of emergency planning practices (Table 3). These results seem
to indicate that further examination of the necessity hypothesis in the adop-
tion of planning practices is warranted; However, the dominance of the hazard
assessment factors may suggest that adoption of planning practices is more
sensitive to perceived risk or hazard assessment, than to actual experience with
hazard.

Vicarious experience

To the extent that vicarious experience with emergency preparedness pro-
grams is associated with the adoption of planning practices, indicators of ex-
perience with previous programs will be positively associated with the adoption
of emergency planning practices. However, having had previous emergency
preparedness programs associated with the civil defense program is the only
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measure positively associated (r=0.11) with the adoption of planning prac-
tices for chemical emergencies (Table 2). This indicator is also associated with
three of the component elements of planning practices. In addition, all vicar-
ious experience indicators are positively associated with the use of the proto-
cols and procedures element of emergency planning practices. Previous expe-
rience with other emergency planning, as indicated by the composite Boolean
summation of warning systems associated with programs related to civil de-
fense, nuclear power plants, or flash flood area, is positively associated with
the adoption of planning practices (Table 3). These associations suggest fur-
ther examination of the vicarious experience hypothesis is warranted.

Professionalism

If the adoption of emergency planning practices is a function of profession-
alism, then communities adopting planning practices will have larger organi-
zations for emergency planning, and have emergency response forces that re-
ceive compensation. Having more personnel, in the form of both full-time and
part-time staff, and having a higher proportion of FTEs are positively related
to the adoption of planning practices (Table 2). These three indicators of
professionalism have coefficients ranging from 0.11 to 0.24, associated with
the number part- and full-time employees involved in emergency planning,
respectively. Each of these three indicators is positively associated with three
of the components of planning practices. The factor components of profes-
sionalism, related to full-time commitment to emergency preparedness and
number of people directly involved in emergency planning, are both positively
related to the adoption of state-of-the-art planning practices (Table 3). While
these zero-order correlations are not conclusive, the orthogonal nature of the
two factors may indicate different aspects of relationship being accounted for
by the two factors. These results indicate further examination of the profes-
sionalism hypothesis is warranted. Moreover, the relationship of both factors
suggests a potentially more complex relationship than initially hypothesized.

Modelling results

Up to this point each hypothesis has been considered independently, with
no direct comparison among the competing explanations. The significant bi-
variate relationships are used to select the factors most likely to effect the
adoption of state-of-the-art planning practices. The variables exhibiting sig-
nificant relationships with planning practices are used in two distinct regres-
sion analyses: one comprised solely of the individual indicators, and the other
comprised of the composite indicators. These analyses were conducted using
an iterative elimination of independent variables in a general linear model. On
each successive iteration, the independent variable was eliminated that seemed
to contribute the least to the overall model in terms of (a) contribution to
variance explained, and (b) the potential colinearity with other indicators re-
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lated to a given hypothesis. For example, if two variables contributed on about
the same level to the explained variance, the variable that represented an oth-
erwise unrepresented hypothesis was retained in the model.

The bivariate analysis of both the individual indicators and the component
factors indicates that while variables related to all hypotheses are important,
variables related to the necessity concept exhibit the most robust association.
Variables related to the innovation and professionalism hypotheses also ex-
hibit very robust bivariate relationships (Tables 2 and 3). The results of this
process are presented in Table 4. Both the individual indicator model and the
factor model are significant («<0.01). The individual indicator model ac-
counts for 28.7% of the variance in emergency planning practices, while the
composite/factor model accounts for 27.1% of the variance in planning
practices.

Both the factor components model and individual indicators model confirm
that necessity is the most robust explanation for adoption of emergency plan-
ning practices. The greater the assessment of chemical hazards, the more likely
the community is to adopt state-of-the-art planning practices (8> 0.46). The
individual indicator of necessity confirms this robust relationship with three
significant coefficients (0.12=< <0.22), and an additional marginally signif-
icant relationship with population within a mile. These individual and factor
variables are positively associated with the adoption of planning practices.
Hazard assessment and previous experience with hazard appear to provide
significant impetus for communities to adopt planning practices to deal with
potential emergencies.

Both the factor component and the individual indicator analysis confirm
that innovation in terms of installing state-of-the-art warning and communi-
cation systems is significantly associated with the adoption of emergency plan-
ning among local communities. Communities having installed either a state-
of-the-art warning or communication system are significantly more likely to
adopt emergency planning practices in the component model, while using a
state-of-the-art communication system alone accounts for a significant amount
of the variation in planning practices in the individual indicators model
(0.17 < £<0.20). These results indicate that community innovation in terms
of emergency planning practices is related to previous innovative behavior in
the community. What remains unclear is the extent to which this is associated
with innovative individuals or institutionalized innovation.

The relationship of financial resource indicators and the adoption of plan-
ning practices is also significant in both the factor component and individual
indicators models. Communities that spend a greater proportion of their ex-
isting budgets on public safety (presumably these are predominated by police
and fire departments) are more likely to adopt emergency planning practices
than those spending less in these areas (=0.17). The proportion of commu-
nity expenditures may represent spending decisions rather than overall com-
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TABLE 4

Comparison of individual indicator (I) and factor component (F') regression models of emergency
planning practices

Hypothesis/Variable Coefficient Std. Coefficient 2-tailed &

F 1 F 1 F I F I

Innovation

State-of-the-art Communication

warning or system

communication

system 0,087 0.064 0.176 0.203  0.001  0.000

Vicarious
experience

Warning systems
civil defence nuclear

power or flash floods 0.035 0.098 0.065
Resources
Expenditures
Per capita/% % on
Factor (2) Public safety —0.017 0.008 —-0.106 0.167 0.045 0.002
Professionalism
FTE Factor (1) % FTE 0.014 0.060 0.090 0.100 0.091 0.062
Necessity
Risk/hazard
Assessment Emergency
Factor (1) in<by 0.073 0.071 0.461 0.220 0.000 0.000
PopN <1 mile 0.000 0.093 0.082
# of Warn 0.031 0.120 0.036
P(Ch Haz/y) 0.059 0.157 0.007
Model parameters
Constant 0.376 0.327
R? 0.271 0.287 0.000  0.000

munity affluence. Put another way, communities that are concerned enough
about public safety to spend larger proportions of the community’s budget on
them, are also more likely to adopt sound emergency preparedness measures
than communities less committed to public safety goals. Proportional and per
capita expenditures, are negatively associated with the adoption of planning
practices (f= —0.11). Insight regarding the impact of financial resources on
the adoption of innovative planning practices may be gained by examining
relationship and differences between the measures of financial resources (Ta-



23

ble 3). While they are negatively correlated (r= —0.73), the factor component
is negatively driven by proportional and per capita expenditures; proportional
spending on public safety has no per capita component. This suggests that the
more community resources spent per person, the less likely they are to engage
in state-of-the-art emergency planning practices for the existing chemical fa-
cilities in their jurisdiction. In this sense, the adoption of emergency planning
practices is associated less with community affluence than with conscious de-
cisions about how to spend available resources.

Sometimes it is as important to discuss what was eliminated from the re-
spective models as it is to present the variables that remain. Professionalism
is not as significant as anticipated (0 < f<0.1). Moreover completely elimi-
nating professionalism and vicarious experience from the model seems to con-
firm the relative lack of importance of the professionalism and vicarious ex-
perience explanations for adoption of state-of-the-art planning practices. The
total available resources, including total revenues, total expenditures, total
population in the jurisdiction, have little impact in the context of the model
which suggests that it is more what communities do with their existing re-
sources, than the total amount of resources that impacts the emergency pre-
paredness for fixed chemical facilities.

PDiscussion and conclusions

The results of this analysis suggest that the adoption of emergency planning
practices for chemical emergencies among local emergency organizations is
primarily a function of necessity, innovation and decisions to use community
resources for emergency preparedness. These findings are consistent with the
organizational structures and strategies used by successful emergency man-
agers [21]. The relationship among funding decisions, necessity, and innova-
tiveness of people creating solutions with available resources underscores the
process of successful management.

These findings also indicate that the community adoption of emergency
planning practices for fixed chemical facilities is more complex than can be
examined with the existing data. A number of factors are not accounted for in
the models of planning practices adoption examined herein. For example, the
concepts of a baseline established by what would be considered minimal prep-
arations under the state and federal guidelines, or a threshold established by
what might be considered typical among communities of a given size with fixed
chemical facilities are not accounted for in either the individual indicators or
the factor component model used in this analysis. Another factor might be the
contagion among associated communities; unfortunately, the data used in this
analysis have no measures of either geographical or social distance between
communities, or a given community’s association with any other communities.

Consider the culture and context of emergency planning organizations in
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local communities. Although they serve a critical protective function during
emergencies, they are also tangential to everyday community life. This is con-
sistent with Wright and Rossi [22] who find that, even among state and local
political elites, dealing with natural hazards is of relatively low-salience; a trend
particularly evident in communities that have limited recent experience with
disasters. Unlike fire, police, welfare or even the drivers license bureau, under
normal circumstances emergency planning has low visibility among the public.
Thus one source of extrinsic rewards — public recognition — is lacking. Also
lacking is the public pressure that faces many civil servants who perform their
tasks poorly. Because emergency planning is of low priority to the public, it is
also has low visibility among the policy makers and politicians who are able to
dispense rewards in the form of money, recognition, status, or centrality to
overall planning processes. Thus, these rewards are typically denied to emer-
gency organizations and planners,

Why then should emergency planners take the risk of implementing inno-
vative emergency planning practices? The data and analysis herein imply that
the reason involves both a sense of how important it is to accomplish the task
in terms of necessity, and an innovative spirit bent on its performance. Pro-
viding adequate emergency preparedness also carries intrinsic rewards in terms
of living up to the expectations of the public, protecting the public interest.

While necessity, innovation and the use of available resources are the
strongest factors in the adoption of planning practices, it is important to re-
alize that other variables may also be at play. Because the organizations ex-
amined here are similar to other organizations one might expect adoption to
be guided by similar processes. They would be expected to vary in size, struc-
ture, hierarchy, and authority. The variations in what Rogers [2] calls com-
plexity, formalization, interconnectedness and organizational slack were not
measured, even though they might be related to the diffusion of innovative
emergency planning practices, because this was not the primary purpose for
collecting the data. The rate of adoption of an innovation may be a function of
the quality of the idea, compatibility with existing values, complexity, triabil-
ity, and observability [23 ]. In addition he points out that adoption is hindered
when an innovation has no direct observable effects. On the other hand, the
organizations examined here are unique. They share a common protective
function in the community; they often are tangential to everyday community
operations, becoming central to the community only under emergency condi-
tions. It is not uncommon for their authority to be limited, even under emer-
gency conditions (e.g., with elected officials having the ultimate authority).

The above caveat notwithstanding, these data yield important insight con-
cerning the relationship between innovation in the adoption of emergency pre-
paredness measures and an organization’s visibility to its constituents. When
visibility and extrinsic rewards are lacking, innovation becomes dependent upon
the innovation of an organization and its members. Perhaps most important
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is that emergency planning practices are not necessarily associated with total
available resources, but rather with decisions about how to spend those

resources.
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