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Emergency Support Function for Covid-19

ESF 1 HiE%R%E (Transportation)

ESF 2 BRI (BR. AR LTKE. BEHF)XE&(Infrastructure)

ESF 3 ISR (Emergency Response)

ESF 4 HaMEZE (Ambulance)

ESF 5 HHBEAKMTROEH DR BBEEZZE (Emergency Management)
ESF 6 BEXE(Mass Care, Housing, and Human Services)

ESF 7 HREEXE (Resources Support)

ESF 8 {74 - EfZE (Public Health and Medical Services)

ESF 9 FESLUEEREE (B2, BH\\E%) X (Education)

ESF10 #=- 2Rz (Administration and Finance)

ESF11 B3 RRERIRWHRIE (Agriculture, Fishery and Natural Resources)
ESF12 IRIF—XIE(Energy)

ESF13 AR BimsZi#& (Public Safety and Security)

ESF14 REEMAXE (Long-term Community Recovery and Employment)
ESF15 383 (External Affairs)

ESF16 RIUT 17 - BiE® - FHHEEXHE(Volunteers & Donations)
ESF17 Ry h-REXE(Animal Care)

ESF18 R XE (Research)

ESF19 FAN—tF21UFT 1 BLVICTHEM#XHE(Cyber Security and ICT)
ESF20 EpE 18 (International Security)

ESF21 FRRESZE (Isolation)

ESF22 Chllifx- SllAN IS HE (Mortuary Support)
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Can Integrated Management for Risk and Crisis Prevent the Epidemic of COVID-19?

~From the Perspective of Risk Management and Corporate Management Strategy~
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Original Article

Contributing Factors of Incident Command System to

Information Collection and Sharing in Disaster Response Operations
— Comparative Inquiry on ICS and Non-ICS Response Models Using the Information Entropy Equation —

Hitoshi IGARASHIL?, Darren BLACKBURN®

Abstract

Japan is the only advanced nation in the world that has not incorporated a standardized response
management system, such as an incident command system (ICS), in its response operations. To quantitatively
demonstrate the potential value of incorporating a standardized response model, a comparative analysis of the
impacts of the ICS response model on information collection and sharing was performed. Participants were
engaged in 8 prescribed scenario-based rescue drills involving an incident command post and simulated hospital,
allowing for the collection of radio communications data. This data was analyzed to determine the means
estimate information value (Bits) using the Shannon’s Information entropy. The results showed that
participants using ICS (+) at the incident command post had more information values of 1.08 in 5 to 10, 0.83 in
10 to 15 and 2.49 bits in 15 to 20 minute interval than the group without, there were significant differences in
the said between ICS (+) (M=6.9, 8.72 and 9.88, SD=0.34, 0.12 and 0.42 respectively); t(14)=7.52, p=0.001,
t(14)=15.7 and p=0.001, and t(14)=8.55, p=0.001 respectively. ICS (+) at the receiving hospital had more
information values of 1.26 and 2.14 (M=5.45 and 7.82, SD=0.46 and 0.40 respectively); t(14)=5.81, p=0.001 and
t(14)=11.45, p=0.001 respectively. This data supports the ICS response model may enhance the information
collection and sharing activities in emergency operations.
KEY WORDS: Incident Command System, information management, information entropy analysis, disaster

1. Introduction support these efforts, the Cabinet Office of the Japanese

Japan is centrally located on the ring of fire in the Pacific,
creating an increased risk of seismic based disasters such as
earthquakes and tsunamis. These hazards can lead to a variety
of secondary impacts that require specialized response. An
example of this can be found in the unprecedented responses
to the 3.11 tsunami (2011), which were made more complex
for first responders when two nuclear power plants exploded
in Fukushima. Incidents at nuclear power plants are not
unknown in Japan and have historically been managed by
authorities using existing response structures. However,
authorities were totally unprepared for the magnitude of
impacts caused by the March 11 earthquake and following
tsunami V. The unprecedented scope and severity of this event
Justice Institute of British Columbia, Canada forced the
Japanese people to give top prioritization to the improvement

of emergency management structures and practices. To
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Government, the national office having responsibility over
disaster management coordination, has examined the steps
taken by other advanced countries to strengthen their own
response with particular consideration given to situations
where time and resources may be limited 2). Additionally,
the broader Japanese government and affiliated universities
have examined North American models of emergency
management and their related support functions3). Of
particular interest was the Incident Command System (ICS).

ICS is a standardized, scalable emergency response
system used to coordinate the activities of multiple
responding agencies. ICS was developed in response to
disaster management problems encountered in the 1970's
and 80's forest fires in California®. As the model has evolved
over time, the adoption and use of ICS has spread across
emergency response agencies in the United States and
Canada.

In contrast, Japan's existing emergency response model
relies heavily on response models and structures that are
aligned with Japan's unique cultural history”. These
structures and practices are not nationally standardized but
are locally defined, often in driven by a need to integrate the

management needs of local authorities within the scope of
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the Disaster Countermeasures Basic Act.

In practice, Japanese response organizations often
respond to disasters by employing day-to-day business
practices, which can lead to delays in decision making and
information sharing. Further, the use of local, non-
standardizes response models and practices in Japan
impedes coordination and interoperability between response
agencies. The result is a situation where each response group
(e.g., fire department, police officers, paramedics, etc.)
perform their own defined tasks with little multi-agency
coordination and information sharing. Japan's approach to
emergency management has been described as reactive and
fragmented® and can be seen as over reliant on technological
advancements to mitigate hazards and neglecting the
development of shared response models.

In recent years, the Japanese government has
implemented a variety of improvements to the disaster
response programs employed at different levels of
government. These improvements have included integrating
citizens' group participation into risk management and
preparedness programs as well as the expansion of mutual-
aid agreements which support multi-agency coordination
during response. However, these changes have not resulted
in significant improvements. This is evidenced by the
similarity in lessons for improvements in Japan's response
model identified after the 1995 Hanshin-Awaji Earthquake
and the 2016's Kumamoto Earthquake. Despite the
implementation of improvements to the disaster response
model following the Hanshin-Awaji Earthquake, persistent
response challenges were seen in the response to the
Kumamoto Earthquake. In the wake of the Kumamoto
Earthquake, there were challenges in activating some
Emergency Operations Centers (EOCs) in main council
buildings due to physical damages to their structures. This
resulted in delay in response operations”. Alternative sites
for the EOC's, such as community centers and gymnasiums,
escaped severe damages but were not equipped to function
with the same capability as primary EOC facilities. During
the earthquake response, information, particularly in relation
to the response needs, was not referred to the EOCs in a
timely and effective manner due to disruptions to land-line
and cell phone networks. This was later addressed as phone
companies provided limited temporary, alternative networks
in damaged areas. Further, convergent volunteers (citizens
spontaneously offering assistance to the government and/or
response agencies) were not well coordinated in the early
stage of the response efforts due to initial disorganization of

local authorities. While the Kumamoto Earthquake

demonstrated that response problems persist, this is not to
say that they cannot be addressed through the redevelopment
of response models — a process that took place in the United
States with the creation of the ICS response model. To that
end, the model has been adopted by a number of countries,
either in part or in full, with ICS concepts being integrated
into their related national incident management systems.
However, Japan has not adopted formally standardized
response model, ICS or other, meaning the adoption of a
national standard for incident response is one of the final
areas where Japan needs to implement systematic
improvements.

The authors posit that the ICS principles, structures, and
support functions would reduce issues related to
management and coordination during the early stages of an
emergency response as well as strengthening Japan's overall
response management efforts. In order to gain a deeper
understanding of the potential for the ICS response model to
support Japanese governments and responders, quantitative
data depicting its potential effectiveness is required. In
general, the evaluation of the ICS response model has
focused on subjective assessments, making use of
questionnaires and interviews and soliciting input from ICS
practitioners. However, Japanese governments and
emergency responders require quantitative data on the
efficacy of the ICS response model in order to make
evidence informed decision around its adoption effort. The
reliance of ICS researchers and practitioners on subjective,
qualitative assessments has left a gap in available data. As
Cole. et, al (2000) pointed out previously that “there has
never been a comprehensive performance evaluation of the
(ICS) system" ®. Further, Chang (2017) identifies that “the
debates of the effectiveness of using the ICS have never
stopped" ?). The lack of quantitative data available to support
robust discussions has been one of the causes for the
relatively muted debate within Japan on the effectiveness of
the ICS response model.

With this in mind, this paper will explore the
effectiveness of specific aspects of the ICS response model
with a goal of identifying data to support future discussions.
As the ICS response model covers a spectrum of managerial
and coordination activities, this paper will narrow its focus
on the benefits ICS offers in strengthening information
collection and sharing. This will be done by measuring the
differences in the amount, or value, of information shared
between the participating emergency response teams. In this
model, selected teams will employ one of two response

models during a series of emergency response drills. One set
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of teams will employ the ICS response model; the second set
will employ current Japanese-based models of emergency
response. The Emergency response drills were conducted at
the Chiba Institute of Science (CIS). The aim of these drills
was to examine the degree to which use of ICS practices
would enhance information collection, sharing and
communications interoperability amongst participants
representing the Japanese emergency management

community.

2. Japanese response model in information collection
and sharing

As previously mentioned, Japan maintains a unique
approach to disaster response that does not incorporate
internationally recognized models”. In general, Japan
follows a fairly rigid mechanistic structure in both public life
and private sectors (more specifically in larger corporations)
in terms of dealing with a disaster. Implementing broad
changes to Japan's disaster response structure would likely
be influenced by a variety of factors, including culture,
values, and social systems that shape how public sector
agencies plan and operate in emergencies.

In a typical Japanese governmental disaster response
program, the primary response organization is found at the
lowest government level and takes the form of a village
office, township, or municipality. Subsequent levels of
government provide support and strategic guidance to lower
levels of government. Each level of government relies
heavily on the Disaster Countermeasures Basic Act, a
foundational document that is referenced by all
governmental agencies in Japan, in developing specific
aspects of an emergency program.

Following Japanese law, all government offices are
required to develop and maintain their own disaster
management plans. These plans describe the various
responsibilities of government and emergency responders
during an emergency. These plans are also aligned with the
known scope and characteristics of local hazards, which are
identified and evaluated during an annual process of risk
identification and hazard appraisal. In the Japanese model,
local authorities are provided with considerable discretion to
determine the specific emergency response actions that will
be taken during a disaster - so long as the emergency plans
and related program elements are aligned with their legal
requirements. However, local authorities are accountable to
the prefecture government, and subsequently the national
government, regarding their emergency actions. Combined

with the need to maintain alignment with legislation, local
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authorities are placed in a situation where is it difficult to
adopt innovative, and possibly untested, practices. The
rigidness of this top-down relationship creates a professional
culture that values consistency with past practice versus the
adoption of new and/or innovative practices. The result is a
system that cannot readily avoid repeating past response
weaknesses and failures — particularly in areas such as
information sharing command, and control.

A practical example of communication challenges can
be seen in a hypothetical traffic accident that involves
hazardous materials. In this scenario, each responding
agency knows their role: police officers respond to the
accident and setup a perimeter, the fire department supports
the rescue of victims and the cleanup of the chemicals, and
paramedics support the transport of the injured to hospital.
However, what is missing in this model is the overall multi—
agency coordination at the scene. The lack of coordination
means the same work may be performed multiple times or
missed altogether. For example, in this scenario, each
response group will have started collecting incident
information that directly informs their own response
operations. Due to the lack of multi-agency coordination,
information sharing between agencies cannot be easily
performed. Communications challenges can range from a
lack of interoperable radios, the use of agency-specific
language, and differing information needs. In practical terms,
this can lead to series of issues: response agencies not being
aware of what other agencies are doing; eye-witnesses being
interviewed multiple times by different agencies;
information important to one agency may be discounted or
ignored by another; information may be relayed to higher
levels of government without first being vetted or confirmed
by other agencies. Additional challenges can include: the
creation of multiple incident command posts (a central
coordination hub for one or more agencies) that are
redundant or that work at cross-purposes; challenges
integrating non-traditional agencies into emergency
response (such as transit- and telecommunications
companies); and a lack of planning around the transition
from response to recovery.

These challenges extend to the municipal emergency
operations centers (EOC) — government offices that support
site-level response as well as addressing community impacts.
In the municipal EOC, liaison and/or information staff from
different agencies are usually present to facilitate
information sharing. However, these staff rely on status
report produced by agency-specific first responders at the

site level. These reports will provide a narrow view of the
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incident, specific to the observations of a single agency. The
current Japanese method of information collection and
sharing is complicated by the use of agency-specific
language and communications equipment, creating a
situation where EOC staff must invest significant time and
effort to develop an overall understanding of the emergency
event (a big picture). The challenges with information
sharing at the site level exacerbate this issue.

As mentioned earlier, challenges with information
sharing during an emergency have been a long-standing
issue that has not yet been comprehensively addressed. The
post activity report of the Yamanashi prefecture government
following the 2016 Kumamoto earthquake describes
unacceptable delays in emergency response operations and
confusion in information collection and sharing!®. These
same issues were identified 21 years earlier in the lessons
learned from the 1995's Hanshin-Awaji earthquake!V. 1t is
evident these particular challenges are not being addressed

by Japan's current response model.

3. ICS based Information Collection and Sharing

In this section, we will describe the use of the ICS
response model in the context of British Columbia, Canada.
The provincial government of British Columbia has adopted
the ICS structure and practices as a fundamental component
of the provincial emergency response management system
12, In a hypothetical emergency scenario, emergency
responders arriving at a scene would attempt to rapidly
coordinate their actions. First, an incident command post
(ICP) is established at the incident scene by the first arriving
officer or responder. This individual would identify
themselves as the Incident Commander (IC) by informing
other responders and identifying the location of the ICP —
typically an emergency response vehicle located a safe
distance from the incident. All responding agencies,
regardless of their organization, will then coordinate their
actions under the single command. To clarify, each agency
still maintains responsibility for their response duties, as well
as control over their resources, personnel, and
communications. However, emergency responders align and
coordinate their work under the overall direction of the IC.

The IC may change over the course of the event, such as
when a higher ranking or more experienced officer or
responder arrives. During and following this transfer of
command, the command-and-control structure remains in
place, supporting the continuity of response operations.

The collection and sharing of information are
particularly important at the IC. Validated information is

shared amongst all responders through the use display
boards and shared written documents at both the ICP and
EOC. To support information gathering as well as overall
response operations, specific support and/or management
roles are identified for specific responders. One of these roles
is a Planning Section Chief who supports the gathering and
management of information. This validated information can
then be used by the IC to support the development of shared
incident response plans that incorporate and coordinate the
actions of each response agency.

Should the incident grow in scope or complexity, a local
government EOC may be activated to provide additional
support. The same information gathered at the ICP will be
provided to the EOC. Additionally, information gathered by
the EOC will be shared directly with the ICP. In this model,
information is gathered and shared at both the IC and EOC
allowing all involved personnel to have access to the same,
validated information.

If information needs to be shared with higher levels of
government, both IC and EOC staff can this shared
information through a liaison officer, the EOC Director, or
through liaison staff stationed in the EOC. If information
needs to be shared publicly, a Public Information Officer
(PIO) at the IC, EOC, or working together can provide
information through a variety of communications channels.
Federal level government agencies can also reach the PIO or
a liaison officer and obtain information. This streamlined
information sharing model supports the efficient sharing of

validated and updated information.

4. ICS Evaluation

Comparing emergency response models is not a
straightforward task. Each model will employ different
structures and practices that can hinder a direct comparison.
Additionally, quantitatively evaluating the effectiveness of a
particular aspect of a response model is also a challenge due
to a number of factors. Using ICS as an example: ICS is a
method of coordinating people — to that end, research often
focuses on the qualitative experience of practitioners. As
mentioned previously, past evaluations of ICS have involved
subjective opinions, often gathered post-event through
informal interviews and/or questionnaires.

Second, many of the factors that influence the success of
a response model are external to the model itself and may
not be testable or repeatable. Finally, it may be difficult to
delineate between practices described by a response model
versus practices employed by a specific response agency.

The Japanese emergency management communities



value quantitative assessments of system effectiveness —
particularly when being asked to made changes to traditional
and shared models. While it would be difficult to identify a
specific quantified value for the overall effectiveness of the
ICS response model, it is possible to quantify the
effectiveness of specific ICS systems over other models — in
this case, a model of information management at the site-

level.

5. ICS and Information Entropy

Well planned information management practices are
essential to an effective and efficient emergency response.
Information management involves the efficient collection of
accurate information; the ongoing validation of information;
and ready sharing of accurate information with personnel to
support timely and appropriate decision making and
establishing scene safety for responders and others.

On the surface, it may appear difficult to quantify these
aspects of information sharing. One tool that allows for a
quantitative examination of information management is the
Information Entropy equation (Shannon's Information
Theory), which serves to quantify " the average amount of
information needed to represent an event, drawn from a
probability distribution for a random variable" '3, In other
words, if the amount of information collected on-scene for
situational awareness and prompt decision making surpasses
a particular size, the Entropy equation can be applied to
provide numerical value/amount) that can be compared
between ICS users and non-users. By employing this
equation across different scenarios using different response
models, a series of values/amounts can be generated and
compared.

In order to apply the equation to these emergency drills,
it was necessary to define the types of information and
sharing modalities that would be used by participants. On-
scene radio communications were identified as being the
most readily observable and measurable form of on-scene
communications as they are recordable and capture
communications from individuals throughout the

emergency scene.

6. Analysis Method

For this research, a series of identical drills were planned
and conducted. The scenario for the drill was a natural gas
station explosion requiring the rescue of multiple victims
followed by the subsequent triage and transport of victims to
a receiving hospital. The drills were designed by a team of

retired fire officers with more than 20 years of command-
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and-control experiences in Japan. These retired fire officers
also functioned as controllers of the drills, overseeing the
response and monitoring for safety issues. A total of 8 drills
were performed. The radio communication traffic was
recorded during each drill to support the development of an
entropy estimation (value/amount of information shared).
Collected radio data was subsequently digitized, then
transcribed into an Excel table. Each word of each radio call
was identified to support morphological analysis. Following
this, the probability of each words use and an Entropy
calculation were identified.

168 students from the CIS Paramedic Course were
recruited from 2018 to 2021 to take part in the drills, wherein
they would simulate the response actions that would be
taken by predefined response agencies. Students were
divided into one of nine agencies: Fire, ambulance, rescue,
police, natural gas company, telecommunication company,
water department, electricity corporation and receiving
hospital staff. Each simulated agency had one to three
students simulating agency personnel for each agency, one
person functioned as a leader with a radio device. These
students were then divided into 16 groups, containing
simulated representatives of each emergency response
agency.

Comparable training was provided to each of the
participants. Eight ICS (+) groups had taken a three-month
long ICS-100 course, taught by the certified ICS instructor
prior to taking part in the drills. The other eight ICS (-)
groups attended a three-month long class covering the
response methods used by Japanese fire departments.

During the drills, the ICS (-) groups were free to
implement the practices and support functions found in the
ICS response model, including the use of an incident
command post; dynamic site-level information collection
and sharing capability among responding agencies;
uninterrupted and interoperable radio communications; one
identified incident commander; an identified logistical
support function; and clearly defined mutual aid agreements.
The ICS (—) used the Japanese response method including
the activation of separated command posts by different
response agencies; potentially interruptible cell phone
communications between the Fire command post and the
receiving hospital; and non-interoperable radios.

The drills followed the same timeline and scenario for
both ICS (+) and ICS (-) groups — see Table 1 and Table 2.
However, one of the drill controllers would periodically
introduce external conditions to both ICS (+) and (-) groups

representing known real-world issues impacting operations
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and equipment. The first external condition was a lack of
information sharing from various agencies on scene in the
early response stage - approximately 3 minutes after the first
response team arrived at the site. Then, approximately eight
minutes into the drill, a cell phone outage between the Fire
Command post and a receiving hospital occurred. This
resulted in the hospital not receiving information about the
number of victims to be transported or their triage status until
later in the exercise. Additionally, the receiving hospital
could not send messages to the Fire command regarding its
ability to receive patients, resulting in a delay in transporting

victims to hospital.

Table 1. Operational sequence for ICS (+)

Seq. ICS (+)

1 119, reported

2 FD responded to Other agencies
scene notified

Each agency on
scene

Agencies' leaders
check-in at ICP
Coordinated
activities begun

3 FD on scene

4 FD established ICP

5 Rescue & EMS ops.

6 Triaged, First Aid provided, ops continued

7 Transported, ops. continued

Note. Seq. indicates the sequences of each operational
transaction as they happened. 119 is a location of receiving

emergency messages from persons who reported the incidents.

FD means the Fire Department. ICS indicates an incident
command post. Ops. means operations in the drills.

Table 2. Operational sequence for ICS (-)

Seq. ICS ()
1 119, reported
FD Other_
2 responded to agencies
notified
3 FD on scene Each agency
on scene
FD Agencies est Negative
4 established ’ e
ICP own posts Attributions
Rescue & Activities .
5 EMS ops begun Lack of info.
Triaged, but FD sent
6 could not Ph fail
send info. to messengers one failure
h : to hospital
0Sp.
FD sent
messengers
7 est. comm. at Ops. cont. Ops. delayed
hospital

During this same timeframe, the ICS (+) groups
activated a shared incident command post and began
centrally collecting and sharing information from all
participants via interoperable radios. The cell phone outage
was also introduced to the ICS (+) groups but owing to their
use of radios, it appeared not to have an effect on their field
operations.

In order to confirm the ICS (+) and ICS (-) groups were
following their respective response models (ICS versus
traditional Japanese approach), a heatmap analysis was
employed to show the locations of their activity using the
average GPS coordinated and the level of activity intensity.
For the heatmap analysis, each leader's average physical
location was identified, with the number of staff working
near their locations serving as a variable. The IC's location
had a weighted value of 2 while staff were weighted to 1.
This simplified the process of identify and tracking the IC's
position during the drill. During this time, the Cystoscope
software was used to conduct a network analysis of radio
communications data to identify the type of response

formation each group has made.

7. Results

Fig. 1 shows that the ICS (+) groups implemented an
ICS response model evidenced by a higher level of
interaction at a centrally located incident command post. On
this heatmap, each response agency is plotted with a blue
color dot to illustrate where they were primarily engaged in
work during the drill.

Fig. 2 shows the response formation taken by the ICS (-)
groups as they implemented the traditional Japanese
emergency response model. Agency leaders set up their own
command/coordination posts based on the proximity to the
emergency. The heatmap shows that no central incident
command post was established and that participants
performed response activities at their respective command
posts.

A network analysis conducted to identify if the
participants formed groups that aligned with the ICS
response model or the Japanese approach. Each node in the
Figure represents the radio call signs assigned for the drills.
Fig. 3 shows the ICP had the highest number of nodes and
centrality values, demonstrating it served as a hub for
command, control, communications and coordination of the
site management and response operations. Also, the
recorded data demonstrates that ongoing radio
communication was maintained between the ICP and the

receiving hospital. Based on this data, it can be concluded
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Fig. 1 Heatmap of ICS (+) Average Teams' Locations and
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Note. Blue dots indicates geographical locations of leaders
of each organization who were assigned to command and
control. The redder color the location was, the higher
command and control operations intensified. The
heatmap indicated a single red color area in the drills
with the ICS (+) response model.
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Fig. 2 Heatmap of ICS (-) Average Teams' Locations and
Activity Intensity

Note. The geographical heatmap shows the locations of
higher intensity operational command and control activities
when the ICS response model was not in use. The redder
color the location was, the higher command and control
operations intensified.
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Fig. 3 ICS (+) Based Formation

Note. Green dots are radio call signs which were active in
operational radio communications in the drills using the ICS
(+) response model. Lines indicate radio traffic linkages
identified in the drills. Red dots indicate the numbers of
connecting radio operators.

the ICS (+) teams were implementation structures and
functions typically associated with the ICS response model.
Fig. 4 identifies the radio communications between
participants in the ICS (-) groups. The data shows little to no
centralization of radio communications was established at
the scene. During the ICS (-) drills, a response team with the
simulated natural gas company made use of cell phone
communications, which means its node did not appear in the
Figure. Also, the fire command post used messengers in the
form of runners (people delivering messages on foot) to
share and collect information with other agencies'
coordination posts. Messenger communications are not
captured in the Figure. Based on the independent operations
of the agency command posts and non-interoperable radio
communications there can be concluded the ICS (-)
participants were following structures and practices typically
associated with the Japanese response model.

Following the drills, the Information Entropy equation
could be employed to measure the amount of information
collected at an ICP [ICS (+)] / FD Command Post [ICS (-)]
(Fig. 5, Table 1) and a receiving hospital (Fig. 6, Table 2).
This was done through analyzing the recorded radio traffic.
As shown, the participants using ICS (+) at the ICP had more
information values of 1.08 in 5 to 10, 0.83 in 10 to 15 and
2.49 bits in 15 to 20 minute interval than the group without,
there were significant differences in the said between ICS (+)
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Fig. 4 ICS (-) Based Formation

Note. Green dots are radio call signs which were active in
operational radio communications in the drills using the ICS
(-) response model. Lines indicate radio traffic linkages
identified in the drills. Red dots indicate the numbers of
connecting radio operators.
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Fig. 5 . Average Info. Values Comparison at ICP/FD Command Post

Notes. The figure shows the amount of information counted
using the Information Entropy equation at 0 to 10, 10 to 15,
and 15 to 20 minutes. The groups at the receiving hospital
using the ICS response model tended to gain more
situational information from radio communications than the
groups without.

and ICS (-) (M=6.9, 8.72 and 9.88, SD=0.34, 0.12 and 0.42
respectively); t(14)=7.52, p=0.001, t(14)=15.7 and p=0.001,
and t(14)=8.55, p=0.001 respectively.

Table 1 and Fig. 6 provide the information sharing values
at the receiving hospital, illustrating information sent by the
ICP/Fire Command Post. For the ICS (+), a failure free radio
communications network was the primary method of
communications while the ICS (-) used a cellphone network.

During the drills, a simulated cellphone network failure was

Table 1. Information Values (Bits) Estimated at ICP

1
C 5to 10 min. 10 to 15 min. 15 to 20 min.
P

ICS ICS ) ICS ICS Dif IcS ICS Dif
n + _ Dif. n _ if. A _ i
1 6.58 583 0.75 877 797 0.80 9.78 8.10 1.68
2 754 593 161 872 795 0.77 946 847 0.99
3 6.96 593 1.03 8.66 795 071 9.78 8.10 1.68
4 6.29 555 0.74 8.66 795 071 941 744 197
5 713 593 120 864 774 0.90 954 848 1.06
6 6.91 554 137 855 782 073 996 826 170
7 6.85 593 092 8.95 785 11 10.5 841 207
8 6.96 593 1.03 8383 792 091 106 8.12 249
A
\ 6.90 582 1.08 872 7.89 0383 988 817 171
G
[S) 0.34 0.16 0.12 0.08 042 0.32

p <0.001 p<0.001 p <0.001

Note. ICP indicates an Incident Command Post. Dif.
indicated the amount of information difference between the
ICS (+) and (-). AVG indicates average value. SD shows
standard deviation. Values are shown based in the time
intervals of 5-to-10, 10-to-15, and 15-to-20 minutes.
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Fig. 6 . Average Info. Values Comparison at Hospital

Notes. The figure shows the amount of information counted
using the Information Entropy equation at 0 to 10, 10 to 15,
and 15-to-20-minute time intervals.

introduced around the 8-minute time mark. During this time,
the ICS (-) fire command had to reestablish the
communications with the receiving hospital, which likely
reduced the average information value amongst the ICS (-)
groups. This became increasingly evident later in the drill, as
at thel5 to 20-minute mark, more than 2 bits of value
difference was measured. The ICS (+) at the receiving
hospital had more information values of 1.26 and 2.14
(M=545 and 7.82, SD=046 and 0.40 respectively);
t(14)=5.81, p=0.001 and t(14)=11.45, p=0.001 respectively.
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Table 2 Information Values (Bits) Estimated at Receiving Hospital

5 0~10% 10~15% 15~20 %

ICS | IcS ICs | Ics ics | Ics
3 R It I IR = |9 z %
1 0 0 0 5.39 417 0.80 768 4.89 279
2 0 0 0 5.00 391 0.77 775 589 1.86
3 0 0 0 5.09 370 0.71 786 522 264
4 0 0 0 | 556 412 071 773 6.07 166
5 0 0 0 | 558 417 090 7.83 512 27
6 0 0 0 5.86 4.58 073 796 6.13 1.83
7 0 0 0 | 486 391 110 el 6.16 175
8 0 0 0| 623 495 091 7.86 6.01 185
A
v 0 0 0 545 4.19 126 782 569 214
g
S 0.00 0.00 043 038 0.09 049

ns. p<0.001 p<0.001

Note. HP indicates a hospital received victims from the
incident scene. Dif. indicated the amount of information
difference between the ICS (+) and (-). AVG indicates
average value. SD shows standard deviation. Values are
shown based in the time intervals of 5-to-10, 10-to-15, and
15-to-20 minutes.

8. Discussions

Based on the scenario, two distinct information gaps
occurred between the ICS (+) and (-) at the ICP/Fire
Command Post. During the ICS (-) drills, it appeared that
agencies were not able to readily share information or access
information other agencies had gathered. A clear example of
this arose in when a simulated traffic jam occurred,
hampering the movement of rescue apparatus. In one ICS (-)
drill, the fire command asked the on-scene police officers to
help clear the traffic. This was done by sending a messenger
on foot to the location where the police commander was
located. The time involved in having messengers move
between the command posts slowed response times.
Quantitatively, an estimated 1.34-bit information value gap
was caused by this delay.

In contrast, the ICS (+) located their fire commander at
the ICP. The fire commander then coordinated centralized
information collection and sharing from all participants on
scene. The use of interoperable radio communications
network simplified this process as well as streamlined the
sharing of information. For example, when the issue of the
traffic jam arose for the ICS (+) groups, the police were able
to quickly direct their officers to clear the traffic by radio.

In general, interoperable communications and a central
incident command post shared by on scene participating
agencies may have positively impacted the initial

information values at the ICP in the early stage of drill. The
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data points to the ICS (+) groups having had specific
advantages in terms of information sharing early in the drills,
supporting prompt decision making.

The information gap between the ICS (+) and ICS (-)
groups was reduced 10 to 15 minutes after the start of the
drill. This may be due to improved information flow once
the messengers were increasingly active and familiar with
the site layout. However, the ICS (+) gained 1.56 bits more
information at 15 to 20 minutes' interval. This can be
explained by the failure-free radio communications,
providing a smoother information flow to the ICP and other
nodes. The data also shows the ICS (+) groups had increased
advantages in information collection and sharing.

Around the 8-minute mark of the drill the ICS (-) were
challenged by an artificial cell-phone network failure in the
area. This resulted in the fire command not being able to
directly contact the receiving hospital. The fire command
was subsequently forced to send a unit with a fire service
radio to the receiving hospital to establish a new wireless
network between the two nodes. Until the fire radio arrived,
the hospital was not able to receive vital information about
the in-coming patients or the results of triage. These gaps of
information values increased from 4.45 to 6.57 bits
respectively. An important learning from these drills is that if
regular land-line and cell phone networks fail, an improvised
alternative communication network must be established.
However, this adds an additional burden on response efforts.

Overall, the results from the 8 drills indicate that the ICS
(+) groups had higher information values across each of the
drills, while the ICS (-), had lower. It is possible that the
information variable used in the tests may not be the only
factor supporting the ICS (+) groups in gaining higher scores.
However, the use of emergency drills provides a repeatable
method for additional testing and confirmation. Further, the
Information Entropy equation provides a systematic way of
visualizing and comparing the differences in information

values in emergency response drills.

9. Conclusion

As mentioned earlier, many of the management
problems encountered during past emergency events are still
experienced to this day. Fundamental changes are needed in
Japanese response models if this situation is to change.

The management problems identified in previous
earthquakes in Japan have similarities to those identified
following the severe forest fires that prompted the
development of the ICS response model. ICS was developed

to mitigate the operational problems that arise during
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unplanned multi-agency events, addressing issues with
coordination, communications, and interoperability. The
authors believe that ICS response model would contribute to
the improvement of Japan's emergency response operations,
particularly when multi-agency coordination is required.
While the Japanese emergency response community seeks
quantifiable evidence of the efficacy of new response
models, this study has attempted to provide a first step
towards developing evidence to support these practices.

The results of this research indicate that ICS users had
higher information values than the non-users at the both the
command post and the receiving hospital. To that end, the
faster an Incident Commander can access accurate, validated,
and current information, the faster he or she can make
decisions and implement response actions.

This research was limited in scope to response drills
engaging the Paramedic Course students simulating
response agencies. However, the ICS response model
showed increased values in supporting information sharing
and collection when engaging with multiple represented
agencies. Additional research may focus on other factors that
may have improved, or negatively impacted, information
values. Additionally, future research may examine the
advantages of identifying a single commander working in an
ICS response model on improving operations.

In advance of future research, response agencies may
explore the use of a centralized incident command post
during emergency response. This central location would
allow leaders from each agency to gather physically, share
information, and align strategies and goals. This could also
serve as a step towards exploring shared response spaces
without needing to begin examining command and control

models.
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An Analysis on the Status of Preparedness for Disaster Situations and
Acceptance of People Requiring Special Needs

1in General and Welfare Shelters

Eiji Shimodal?, Hitoshi Igarashi*®, Kazuyuki Toda*?

1) Shonan University of Medical Sciences
2) Graduate School of Risk and Crisis Management, Chiba Institute of Science
3) Faculty of Risk and Crisis Management, Chiba Institute of Science

Abstract

Japan, as facing more frequent disasters, continues to be challenged by the unsolved issues in establishing and managing evacuation
general and welfare shelters, which are designated as critical disaster management facilities in the event of emergencies. In this study,
a structured questionnaire survey was conducted, targeting 450 general and 453 welfare shelters in Yokohama city, Kanagawa
Prefecture. The survey was designed to extract impeding issues associated with shelter living environments that provide clues for
problem-solving. Valid responses from the management of 68 general shelters (15.1% response rate) and 157 welfare shelters (34.7%
response rate) were collected. The survey result depicted that both the general and welfare shelters accommodated a limited number
of disaster vulnerable populations with special support, and it is especially so for the intractable disease patients, dialysis patients,
chronic disease patients and audio-visually impaired persons accompanied by a service dog. At the welfare shelters, it was suggested
that support from rehabilitation specialists such as physiotherapists is appropriate. Finally, based on the degree of welfare shelters
development, the integration of a cooperative mutual support scheme in a planning stage of facility installation and opening process

training as well as disaster response drill participation are key participatory support programs assuming a long-term operation.

KEYWORDS:  Natural disasters, Disaster support, Shelters, welfare shelters, disaster vulnerable populations,

Disaster rehabilitation support, questionnaire survey
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Life-saving Reconnaissance Operations using Drones

Against Risks at Beaches

Ryota IIDA, Masato EBINE, Hitoshi IGARASHI, Masayuki KUSAKABE,

Hisanaga KUROKI

Department of Health and Medical Sciences, Faculty of Risk and Crisis Management, Chiba Institute of Science

Abstract

Lifesavers are currently guarding 198 beaches in Japan. There are limitations to bring accurate situational
awareness on the entire beach by human eyes alone, and the further offshore the beach, the more difficult
to assess. In this study, we examined the level of usefulness of using drones, which are relatively
inexpensive and have become popular in recent years due to technological advancement, for monitoring
activities at beaches. The purpose of this study is to clarify the effectiveness of using drones for the early
detection of drowning victims at beaches. The time required to detect a drowning victim was compared
between visual and drone reconnaissance the beach at the port of Naarai, Choshi City, Chiba Prefecture.
Results: For drowning victims that occurred on the front beach, the average time to detection was 170.5
seconds for visual reconnaissance and 178 seconds for drone surveillance. For drowning victims that
occurred behind the beach, the average time to detection was 139.8 seconds for visual reconnaissance and
60.8 seconds for drone surveillance, with drone surveillance being significantly faster (p = 0.041).
Discussions: The high wave height behind the beaches and the shallow angle of incidence of sunlight and
its reflection are considered to be factors that limit visual surveillance. Conclusion: Drone monitoring can
lead to the early detection of drowning victims, and it is useful to use both visual and drone monitoring
methods in combination as in the past.

KEYWORDS: drone, beach, risk management, life-saving, safety management
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Prediction of Geriatric Population of Out-of-Hospital Cardiac Arrest

in Osaka by Average daily temperature.

Ryu MURAKAMI", Ryouta IDA?, Masato EBINE?, Hitoshi IGARASHI?,

Sakurai YOSHINOBU?, Masayuki KUSAKABE?, Hisanaga KUROKI”

1) Faculty of Emergency Medical Science, Meiji University of Integrative Medicine
2) Faculty of Risk and Crisis Management, Chiba Institute of Science

Abstract

The purpose of this study is to elucidate the relationship between the occurrence of cardiogenic cardiac arrest in the elderly in
Osaka Prefecture and the environmental conditions to which the patient was exposed, and to create a formula for predicting the
occurrence of cardiac arrest. A prediction formula was created by examining the relationship between the number of cases of
cardiogenic cardiac arrest in the elderly aged 65 and over in Osaka Prefecture in 2010 and the daily average temperature of the
Osaka District Meteorological Observatory using a regression model.

[Results] 1. It was suggested that the number of cases of cardiogenic cardiac arrest (per 10 million people) in Osaka Prefecture
over the age of 65 can be predicted by a regression model using the daily mean temperature as an explanatory variable.

2. As a result of classifying the number of cases of cardiogenic cardiac arrest aged 65 years or older by gender and analyzing
the relationship with the daily average temperature, the coefficient of determination of the male regression model was higher
than that of the female regression model. 3. We predicted the number of cardiac arrests that occurred in 2011 using a prediction
formula that set the number of cardiac arrests in 2010 as the objective variable and the daily average temperature as the
explanatory variable. The rate at which the prediction was correct averaged 89% in the range of 4 © C to 31 ° C. From the results
of this study, it is possible to contribute to the prevention of the occurrence of cardiogenic cardiac arrest over the age of 65 by

appropriately calling attention when there is a forecast of low temperature.

KEYWORDS: Utstein Style, temperature, cardiac arrest, prediction
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