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ABSTRACT

Introduction: One of the essential and critical elements for efficient and effective management of
emergencies is anticipation and identification of possible types of emergencies. As such, a framework for
anticipating and identifying emergencies was designed and tested in two process industries in the form
of a case study.

Material and Methods: At first, methods for identifying emergency preparedness and their evaluation
criteria were extracted and prioritized with a two-stage fuzzy approach. A fuzzy inference system was then
used to calculate the weight of the experts’ opinions. To prioritize the methods, the inputs related to the
second fuzzy system were estimated and the final score of the methods was calculated by entering the
mentioned variables into the fuzzy system.

Results: The findings pertaining to the final ranking of the methods indicated that, “list of catastrophic
accidents and near-misses of the organization’s lifespan”, “MIMAH” and “risk assessment and
management” had the highest scores among the identified methods with the final scores of 0.754, 0.750
and 0.725, respectively.

Conclusion: Using this approach will help in more accurate identification of potential emergencies.
Consequently, this will lead to the prevention of imposed damages caused by the situation as well as

ruMs

making the wrong investments by eliminating low-priority emergencies.
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1. INTRODUCTION

Emergency management in the workplace is
one of the important organizational issues, which
has been the focus of attention by managers and
researchers in recent decades. Emergencies are
part of the business environment, which make it
virtually impossible to eliminate all that threatens
the organization. On the other hand, adapting to
the current situation, accepting the competitive
environment and taking advantage of economic
mechanisms require tools to take full advantage of
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the opportunities created, and this is what has been
termed “emergency management” Emergency
management operations enable the organization to
eliminate some of them, manage others effectively,
and provide the tools needed to fully learn from
previous situations.

Based on what went above, one of the most
important challenges for today’s organizations
is the proper and effective management of
emergencies to control risks and reduce injuries
and damages. Studies have also shown that proper
management in emergencies is an important
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factor in responding properly in these situations.
As a result, organizations today take measures in
order to prevent such situations from happening
as well as to reduce injuries. Along the same
lines, the importance of predicting and managing
emergencies within the management standards in
this regard has been emphasized.

Emergency management is basically conducted
in one cycle including four phases of prevention,
preparedness, response and recovery. One of the
basic and critical pillars for efficient and effective
management of emergency situations is to predict
and identify the types of possible emergency
situations. As such, an attempt is made to design
a framework for predicting and identifying
emergencies as well as to test it in two case studies in
process industries. The selected industries included
an oil refinery and a petrochemical company. The
reason for selecting these two units was to provide
the possibility of using and implementing the
method in the aforementioned companies and
their management cooperation in providing the
required data.

2. MATERIAL AND METHODS

The present research was a cross-sectional,
descriptive-analytical which was conducted in
2020. At first, the administrative procedures of
domestic and foreign companies and organizations
in the field of process industries were collected.
After that, the methods for identifying emergency
preparedness and their evaluation criteria were
extracted via literature review. In section 2, they
were prioritized using two-stage fuzzy approach.

2.1 Extraction of emergency identification methods
and their assessment criteria

In this step, practical techniques and methods in
identifying and determining emergency situations
were collected along with their assessment criteria.
The research population included all scientific
articles in the field that had been published in

reputable scientific databases. To maintain and
review all valuable data, time limitation was not
taken into account and hence, all published studies
were evaluated until March 2021.

2.2-Calculating experts’ weight

In this step, a single questionnaire was sent
to 16 experts in the field of safety and crisis and
emergency management. They were asked to
score the extracted methods based on each of the
identified criteria using the 5-level fuzzy scale.

A fuzzy inference system was used to calculate
the impact factor (weight) of the experts. This
system had 4 inputs and one fuzzy output in the
form of Mamdani fuzzy system. The fuzzy system
was designed based on 48 If-Then fuzzy rules.

To convert the validity of experts to the impact
factor (weight), the validity of each expert was
divided by the validity of the expert who had
the lowest validity. Equation 1 shows how these
calculations work.

R

n

Im, = Eq. (1)

R

minn

In this equation, the impact factor of the nth
expert, the validity of the nth expert and the expert
validity had the lowest validity levels.

2-3 Prioritizations of methods

In this stage, the inputs related to the second
fuzzy system were calculated using the findings of
the previous section and finally, with the entry of
the mentioned variables into the fuzzy system, the
final score of the methods was calculated (Eq. 2).

X(Im, Sy
PRy ===

The findings of this section were used as inputs
to the final fuzzy system. The fuzzy numerical
intervals of the inputs and outputs of this system
can be seen in Fig. 1. The output of this step was

Eq. (2)

Fig. 1: Fuzzy intervals related to inputs and outputs of fuzzy system Calculation of method scores based on experts’ score assigned to
the criteria
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the final score of the methods for their managerial
prioritization. This system, like the fuzzy system
pertaining to the impact factor of experts, was of
the Mamdani type.

After designing the framework of the emergency
identification method, the resulting method was
tested and validated in the two process industries.

3. RESULTS AND DISCUSSION

Table 1 shows the final fuzzy system inputs.
As seen in this table, it was determined that 625
“If-Then” fuzzy rules were supposed to be used in
designing this system. These values are the weighted
average of the opinions of 16 experts, which were
obtained using Equation 2.

The results of the final ranking of the methods
are shown in Fig. 2.

Based on the results as presented in Fig. 2, the
identification and determination of an industry
emergency should be based on a combination of
six methods.

Catastrophic events occur regularly around the
world, which sometimes have irreversible effects
on individuals, organizations and countries. The
consequences of numerous researches demonstrate
that insufficient readiness of organizations can
intensify the extent and severity of such outcomes.
Without proper implementation of this step, the
defined and implemented emergency management
system will not only be unable to function properly,
quickly and efficiently, but also the existence of such

a system can waste limited organizational resources
and exacerbate pessimism toward the existence of
similar systems in the field of health, safety and
environment as well.

A review of the findings from similar studies at
the national level indicate that the expert method
is currently used in most organizations to identify
and predict emergencies. The findings of this study
show that the use of this method will be successful if
the emergency situation is general and the volume
of experts is large enough.

Another common method in the country to
determine emergencies is to use the output of risk
assessment studies and management. In a study
about major international catastrophes, Lucchini
et al. showed that in these incidents, a lack of
attention to the risk assessment process led to a
reduction in the effectiveness of preparedness
and response to emergencies. Moreover, it is
impossible or very difficult to predict natural
emergencies such as floods, earthquakes, etc. by
commonly-used techniques in risk assessment
and management.

Perhaps the most specific method for predicting
emergencies is the ARAMIS method. This method,
which is performed in different phases, identifies
dangerous scenarios (emergencies) in one phase
using the MIMAH technique. The findings of the
Moreno study showed that the use of ARAMIS
method can be very useful in identifying and
prioritizing possible accident scenarios. In their

Table 1: weighted average scores of experts to be entered into the final fuzzy system

Standard

Risk Assessment and Management
MIMAH

The List of Accident And near-misses of organization’s lifespan

The List of Accident And near misses of similar organization’s
lifespan

The List of catastrophic disasters and semi-disasters of adjacent
organization’s lifespan

The output of the brainstorming sessions of the specialized team
of the organization

List of natural disaster in the area and region in recent decades
List of catastrophic natural disaster in the country in recent
decades

List of catastrophic natural disaster in the world in recent
decades

Inquiry from related organizations (Ministry of Labor, Fire
Department, Ministry of Health, etc.)

[ DOR!

Data L Reliability of
Relevant Availability Applicability

4.486 3.983 3.353 3.862
4.372 3.129 2.752 4.187
934
4.566 3.064 4.000 393
3.882 2.064 2.000 3.000
2.061 2.000 2.059 3.000
3.126 3.813 3.811 3.006
3.064 3.057 3.045 3.396
1.034 3.025 3.071 3.059
1.367 1.502 1.815 1.248
2.320 2.004 2.304 2/124
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Inquiry from related organizations. . I (.345

List of catastrophic natural disaster in the.. K (.332

List of catastrophic natural disaster in the.. HIEEEE (.399

List of natural disaster in the area and.. NI 0.403

The output of the brainstorming sessions. . I (.62

The List of catastrophic disasters and. . NN 0.624

The List of Accident And near misses of.. I 0.625

The List of Accident And near-misses of. . NN 0.725

MIMAH I— 0.75

Risk Assessment and Management I 0.754

0

0.1 02 03 04 05 06 07 08

Fig. 2: Final ranking findings of identified methods

study, Dianous et al. referred to this method
as a “practical tool” for identifying potential
emergencies in the industry.

Using the list of natural disasters of the place,
region and country has been mentioned as the
other strength of this framework. Utilizing the
database of these events- due to the ease of access
as well as high confidence in their accuracy- can
help identify natural emergencies.

Implementation of this method in the two
selected process industries indicated that the
number of newly identified emergencies increased
by 42% and 38%, respectively. In addition, by
using this method in the first industry, five
new emergencies were identified while the two
previous ones were not prioritized and hence were
eliminated. This ratio was found to be four and one,
respectively in the second industry.

Journal of Health and Safety at Work 2023; 12(4)

4. CONCLUSION

Based on the results of the current study, it can
be concluded that using this approach increases
the effectiveness and safety efficiency of emergency
management by more accurate identification of
potential emergencies and elimination of non-
priority ones. Not only the results of this lead to
the possibility of better management of potential
emergencies and the prevention of damages
resulting from the actual occurrence of identified
conditions, but also it will result in the reduction of
unrealistic investments and hence waste resources
by eliminating unrealistic emergencies.
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