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A Study on the Crowd Phenomenon in a High-Density Crowd Scene

-- Analysis of Crowd Incident and High-Density Crowd --
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Introduction & Abstract






Introduction

A crowd is an unorganized group of people who have gathered in one
place under a common purpose or motive. A crowd accident can occur
when the crowd increases in density. Mass events are planned and created
by people. A crowd accident occurring in such an event may therefore be
said to be a human-caused incident and can be prevented by thorough prior
deliberation on safety and proper security implementation.

The true value of an event can be recognized only when the safety of
the event is secured. Sadness of losing a family member in an event that
would have otherwise been fun will never fade but even be magnified in
years. ““Value the human life” must be a fundamental principle in planning
and holding an event.

Nevertheless, crowd disasters with many victims have occurred now
and then in Japan. Examples are: the Tokyo Imperial Palace Nijuubashi
Bridge disaster during general congratulatory palace visits in January 1954
(16 deaths and 64 injuries); the New Year event disaster at Yahiko Shrine,
Nagano Prefecture in January 1956 (124 deaths and 301 injuries); and the
Asagiri overpass disaster during the 32nd Akashi Citizens’ Summer
Festival in July 2001 (11 deaths and 248 injuries).

Many crowd accidents have also been seen overseas. Major incident
with many victims occurring after the dawn of the 21st century include: the
Fireworks Show stampede in Beijing, China in January 2004 (37 deaths
and 37 injuries); the Duisburg Love Parade incident in Germany in July
2010 (21 deaths and more than 500 injuries); and the Water Festival
stampede in Phnom Penh, Cambodia in October 2010 (more than 348
deaths and more than 600 injuries).

One of the reasons behind such frequent occurrence of crowd incident is
that the focus of causal investigations performed after the occurrence of
each incident is placed on the predictability of crowd incident and on
security measures taken. Little attention is paid to the crowd phenomenon
which can lead to a crowd accident and the venue suitability to be
determined from safety measures viewpoint during the event planning stage
although these factors are related to establishment of fundamental accident
preventive measures to ensure overall event safety.

The present study is intended to resolve this problem with the aim of
establishing crowd accident preventive measures.
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1. Viewpoint of Our Study

In causal investigations conducted after occurrence of a crowd incident,
the focus of surveys and discussions has been on whether the incident was
predictable or not and whether the measures taken to prevent crowd
accidents were appropriate or not. Academic studies have concentrated on
the limited general topics regarding disaster-causing factors. Discussions
have rarely been made on the specific measures to prevent crowd incident
from comprehensive viewpoints of event planning and event security
implementation, nor on the overall safety strategy which involves security
technology study and adequate research framework for crowd incident
prevention.

Multiple sectors are involved in the event industry in Japan. Japan
Association for the Promotion of Creative Events (JACE) promotes event
businesses under the control of the Ministry of Economy, Trade and
Industry. Japan Institute of Eventology leads academic researches about
events. All Japan Security Service Association are engaged in security
technology study and security staff education/training under the control of
the National Police Agency. The philosophy governing event safety
measures i1s “Event planning comes first, security deliberation the second.”
There is little or virtually no cross-sectoral exchange of expertise and
opinions concerning crowd incident prevention.

In addition, there are very few research literatures available about the
know-how on the security methods for large-scale events; the know-how is
accumulated only in individual people in charge of security and has not
been published to be accessible to all parties concerned in event safety.
In principle, the organizer of a mass event must take the initiative in
implementing safety measures for the event. The reality is, however, far
from the principle. There have been many cases in which the event
organizer does not fulfill its full responsibilities for security. That is, the
organizer takes charge only of security budget management, leaving
security tasks themselves to the event-planning company and security
companies, or has its event representatives prepare and present a security
plan to the event-planning company and security companies.

The intrinsic value of an event is determined by how appropriate the
safety measures taken are. When we look at the current status of event
budget management, however, it is quite doubtful that appropriate budget is
allocated for safety measures to ensure the minimum required level of
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safety and that proper budget management is carried out to balance
between safety and costs.

Against this background, with the aim of preventing crowd incident in a
large-scale event, we conducted a study to clarify the risk and causes of the
occurrence of a high-density crowd which can lead to a crowd incident, and
to develop specific practical and realistic security methods to avoid the risk
of high-density crowds based on the venue suitability judgment from safety
measures viewpoint and on the results of analysis of crowd phenomena. By
showing through the study that prevention of crowd incident is a challenge
for the whole event industry, we also appeal for the necessity and
importance of proper measures to prevent crowd incident.

2. Objectives of the Study

An objective of this study is to establish specific practical and realistic
safety measures which encompass the event planning phase to the security
implementation phase. Another objective is to underline that prevention of
crowd incident is a challenge for the whole event industry. To achieve these
objectives, analyses were conducted on three different event cases: the case
where an extra high-density crowd on the verge of a crowd incident
occurred, the case where an extra high-density crowd resulting in a crowd
incident with many victims occurred, and the case where security measures
taken were effective in preventing the occurrence of a high-density crowd
that could lead to a crowd incident.

3. Approach for the Study

A wide variety of events are held each year, and it is virtually impossible
to predict the number of visitors to each event, determine the venue
suitability and formulate a standard package of proper security measures to
be implemented at the venue during the event planning stage.

To find out appropriate measures to prevent crowd incident, therefore,
three different event cases were selected and analyzed. The three event
cases are: the case where an extra high-density crowd on the verge of a
crowd incident occurred, the case where an extra high-density crowd
resulting in a crowd incident with many victims occurred, and the case
where the occurrence of a high-density crowd that could lead to a crowd
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incident was effectively prevented by the security measures taken.

The analysis were based on the event plans, accident investigation
reports, security plans, security result reports, questioning on the crowd
accident to those concerned in the accident, observation of the accident site,
video images of the site immediately before the occurrence of the accident,
and personal records regarding security planning and security management,
accumulated by one of the authors in the place of security police, security
company’s security staff, and event organizer’s security advisor.

4. Structure of the Study Paper

Prevention of a crowd incident begins with identifying the mechanism
with which a high-density crowd leads to a crowd incident and recognizing
the risk of a high-density crowd. Report 1 analyzes crowd accidents to
study the crowd phenomenon observed in a high-density crowd and during
the process in which a stagnant crowd flow escalates to a high-density
crowd, and determine the risk of the phenomenon.

To recognize the risk of a high-density crowd and establish appropriate
methods to prevent its occurrence, it is necessary to identify the factors that
contributed to the failure to predict the occurrence of a high-density crowd
and the factors that impeded the avoidance of the risk of such a crowd.
Report 2 analyzes an event in which a high-density crowd on the verge of a
crowd accident occurred (one of the authors served as the general security
manager for the event) to identify the factors mentioned above.

With focus on the factors identified in Report 2, Report 3 analyzes
large-scale events in which the occurrence of a high-density crowd was
effectively prevented by security measures, and clarifies appropriate
methods of preventing the occurrence of a high-density crowd.

There are cases in which even the best possible security measures cannot
prevent the occurrence of a high-density crowd. Report 4 analyzes past
crowd incident to determine that the root cause of failure to prevent the
occurrence of a high-density crowd is the lack of safety measures
viewpoint in judging the venue suitability during the event planning stage.

Report 5 describes the appropriate security methods clarified in Reports
1 through 4 to respond to a high-density crowd, and a scientific security
method that involves security equipment/systems and proper security
management by event organizers and other parties concerned to prevent
crowd incident.
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Report 6 summarizes the methods of preventing the occurrence of a
high-density crowd at a large-scale event, and appeals for the necessity of
establishing the framework for industry-government-academia joint
research on crowd incident prevention as a future challenge.
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Abstract

Report 1

A Study on the Crowd Phenomenon in a High-Density Cfowd Scene
-- Analysis of Crowd Incident and High-Density Crowd --

Abstract
A descending/ascending slope, road bottleneck, inappropriate

event-planning considerations, or-inappropriate structural condition
associated with the venue space use plan etc. can cause irregular and
disorderly stagnation of crowd flow. If another crowd coming from
behind joins this stagnant crowd flow, ‘“cumulative crowd
density/pressure” phenomenon will occur in which the crowd density
and pressure increase, possibly causing the crowd stagnation to
escalate to a high-density crowd.

Our analysis of past crowd incidents reveals the following: if the
crowd density reaches eight people or so per square meter in a
high-density crowd, a “crowd surge” phenomenon begins to appear
due to fluctuating crowd density and pressure; in excessively high
densities of 10 or more people per square meter, people’s behavior to
avoid crowd crisis, combined with the fluctuating crowd density and
pressure, can induce complicated crowd surge with large sway and
skew, very likely leading to a crowd incident. ‘
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Report 2

Analysis of Factors & Reasons for Failure to Predict the Occurrence
and Avoid the Risk of a High-Density Crowd at Large-Scale Event
“Japan Countdown 2001”

Abstract

During the Akashi Strait turn-of-the-century celebration event “Japan
Countdown 2001 held at Okura Beach, Akashi City, a high-density crowd
occurred on the pedestrian overpass that connects the event venue and its
nearest railroad station, JR Asagiri Station. Although people were on the
verge of a crowd incident, a major accident was avoided due to the urgent
security measures taken. Seven months later, however, a fatal crowd
incident occurred on the same pedestrian overpass during an Akashi
citizens’ summer festival held at the same venue. The present study aims to
identify the factors and reasons that contributed to the failure to predict the
occurrence and avoid the risk of a high-density crowd.

The analysis revealed that the occurrence of high-density crowd on the
pedestrian overpass was not predictable because the event organizers, and
all other parties concerned, including police, fire department, municipal
government, and transportation conpany, failed to share information, to
discuss comprehensive safety measures appropriate for the venue, and to
have a shared recognition of risks by identifying high-risk areas.

As for the failure to avoid the risk of high-density crowd on the
pedestrian overpass, the analysis showed that the main factors were the
improper collection and analysis of crowd-flow-related information, the
functional failure of the security headquarters, and a lack of coordination
between police and security personnel.
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Report 3

A Study on Prediction and Prevention of the Occurrence of
High-Density Crowd at Large-Scale Events
-- Analysis of Crowd Incident --

Abstract

A high-density crowd is very likely to lead to a crowd incident. In
predicting and preventing the occurrence of a high-density crowd, it
is effective to predict the number of visitors by source region and
then the number of visitors by transportation means and access route
based on the predicted region-specific number, and investigate the
flow of crowd at each specific point in and around the venue for each
transportation means and access route thereby predicting possible
stagnation of crowd flow. With this in mind, the present study
analyzed the effective measures taken at past mass-gathering events,
from the event planning and security planning viewpoints. The
analysis has yielded the following findings.

(1) To plan an event free of a high-density crowd based on
prediction of possible occurrence of high-density crowd, it is
essential for all parties concerned to share verification of the
predicted number of visitors that serves as numerical data on which
the development of safety measures is to be based, identification of
crowd-flow-related problems through the process of predicting the
numbers of visitors by transportation means and access route, and
development of countermeasures against the problems. To this end, it
is effective that event organizers set up a special committee, such as
Safety Committee that would involve both of academic experts and
parties concerned.

(2) The security planning stage is intended to study specific
prospective security measures based on the result of study carried out
during the event planning stage, To predict and prevent the
occurrence of a high-density crowd and establish preventive
measures during the security planning stage, it is effective that
security risk assessment, which is part of the basic activities for
developing a security plan, is performed by a scientific approach that
uses the knowledge obtained through past event case studies and the
scientific theory regarding the flow of crowd. It is also effective to
have substantial discussions with police and assess the -security risk
in cooperation with police based on the developed security plan.
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Report 4

- A Study on the Venue Suitability for a Large-Scale Event
from the Viewpoint of Safety Measures
-- Analysis of Crowd Incident --

Abstract

Our analysis of past crowd incidents reveals that the occurrence of a
high-density crowd and resultant crowd incidents are difficult to prevent
during a mass-gathering event even if optimal security action, including
the best possible crowd control, is taken as preventive measures at the
venue.

The root cause of this difficulty lies in the inadequacy of the venue
from the viewpoint of safety measures which should be determined in
view of such factors as the scale, content and type of the event, and the
flow of crowd in each venue access route.

In other words, these factors should be studied during event planning
stage that precedes security planning, and the venue suitability from the
safety measures viewpoint should be determined based on the result of
the study.

The factors to be considered in determining the venue suitability are:

(1) the predicted number of visitors on which all safety measures are to be
based,

(2) the venue space use plan, including the content and type of the event,
and

(3) the flow of crowd in each venue access route.

The topography and structural condition of the venue and each venue
access route also affect the occurrence of a crowd incident. To prevent
crowd incidents, therefore, it is essential to take all these factors into
account 1n assessing and determining the venue suitability.
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Report 5

A Study on Appropriate Security Strategy, Proper Event Security Management, and
Scientific Security Method Resorting to Security Devices/Systems for Aversion of the
Risk of a High-Density Crowd

Abstract
A proper security strategy to avert the risk of a high-density crowd at a

mass-gathering event venue involves the security headquarters to collect
crowd-flow-related information, analyze the trend of crowd flow, and
accordingly implement appropriate security measures early on to prevent
crowd stagnation. It is also indispensable for the security headquarters to
cooperate with the police and fire departments which work for the same
purpose of security at the venue.

As an essential requirement for preventing crowd incidents during an
event, the event organizers or the event planner who has also been
entrusted with security planning should properly manage the security of the
event without leaving the whole responsibility to security companies.

To ensure appropriate security implementation during each event,
therefore, we recommend that an event security management checklist
be prepared so that the event organizers and planner can comprehend
and make sure of the items to be managed. Use of Internet and personal
digital assistants is also recommended to enable proper crowd control
for security. For the reason that crowd flow measurement and analysis
should not rely only on security staff’s experience and intuition but use a
more scientific method that resorts to security equipment and systems,
we have decided to develop and recommend the use of a crowd flow
counting system.
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Report 6

Industry-Government-Academia Joint Research on Crowd Accident Prevention &
Future Challenge

Abstract
Our analysis of past crowd disasters at mass-gathering events reveals that a crowd

accident has a wide range of causes, from those related to event planning to those
associated with event security services.

Prevention of crowd accidents requires establishment of a framework for eliminating
all these causes. To this end, it is essential to develop preventive measures across
different fields of event expertise.

Event expertise is divided mainly into event planning and event security.

The academia has also been active in studies about the flow of crowd, and has
experience of participating in the development of event safety measures, effectively
contributing to accident prevention.

In developing proper measures to prevent crowd accidents, therefore, it is effective to
conduct a joint research through collaboration among the industry involving event
planning and security experts, the Ministry of Economy, Trade and Industry with
jurisdiction over the event industry, the National Police Agency which controls security
services, and the academia engaged in crowd flow studies.

Future challenge is to initiate activities to raise awareness of all these sectors
concerned for the importance of establishing a framework of efforts specific to each field
of expertise.
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