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Abstract
Thi s paper investigates t he

The p

performance behaviour and set lists/song tempos, and their
respective audience behaviour, using a pre-event, concert audience
prediction system. The purpose of the study is to determine whether
this prediction system can enhance crowd safety at concerts. A case
study approach was adopted, and qualitative research was
conducted by systematically observing audience behaviour.
Sampling was purposive, and audiences at two concerts were
conveniently chosen. Secondary statistics regarding audience
demographics were also used to aid in the analysis. The findings
suggest that the pre-event crowd prediction system is a useful tool
that can aid crowd safety efforts at these events. They also point to
the need for properly qualified safety management personnel to
conduct such a prediction system. Further research is suggested into
crowd behaviour within a concert environment incorporating data on
queuing systems, crowd arrival/dispersal, event specific ingress and
egress patterns, and artistesd |

Introduction
urpose of this research is to investigate whether a proposed

pre-event audience prediction system can work alongside an event
general risk assessment to inform crowd managers, security

provid

ers and emergency services, and help them plan for a more

effective deployment of resources in a concert environment. The
proposed syst em is based on artistes:i
lists/song tempos and their respective audience behaviour.

In the

course of Muse performances (world wide 2002-2009), it was

very difficult to convince promoters and security providers of the
potential extreme audience behaviour that Muse performances might
generate. There was no distinct method for conducting risk
assessments taking into consideration the psychology of crowds in a

conce

rt environment. In the UK It became necessary, as event

guidance and legislation proliferated and to reduce the potential for
vicarious liability at events, to obtain more detailed information on

pot

enti al problems that may o0¢cC¢

performances.

Current literature on the subject of predicting concert audience

dyn
few
Upton

amics caused by the artistec|

articles dealing with the
(1997) argued that accurate risk assessments undertaken by

gualified personnel using relevant data is absolutely necessary to
reduce the potential of adverse crowd behaviour. He stressed that

t he

term Aqualified personnel 0
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officer role, which is normally occupied by individuals whose training
was more in the field of crowd control than crowd management.
Upton (2008) further argued that numeric risk assessments were
opinion based and, therefore, potentially flawed. Although,
emphasising the need for specific event related information, he,
however, felt that crowd managers compiling this information usually
had no real training in crowd dynamics or any specific knowledge of
the performing artiste. Kemp, et al. (1997) advocated the concept of
proactive crowd modelling; they integrated the command and control
elements of event planning with past experiences, audience and
event profiling, and best practice.

Toft (1996) stated that personal and general risks of attending an
event were viewed in a subjective way, where the concern about risk
was less than the more casual and objective observer. Fruin (1994:
p?) f o u n ektremd aowding results in individual loss of control,
and both psychol ogical aThid ledohimyts
devise the FIST (Force, Information, Space and Time) system of
modeling of the psychology of crowd. Fruin (1993) also examined the
relationship between crowd dynamics and venue design.

This paper will illustrate a categorisation system which condenses a
large amount of hard data, and match it to subjective artiste
performance characteristics. The system could be manipulated to
reflect changes in crowd behaviour and other event specific factors in
order to give a more accurate, performance based, concert prediction
tool.

Study Method

A case study approach was viewed as most appropriate for this
research. Qualitative research was conducted by observing audience
behaviour within concert environments. Sampling was purposive,
where audiences attending the performances of Muse and Keane
were conveniently chosen and systematically observed. These
artistes, their set lists and song tempos, and the audience reactions
were observed over a period of time. Secondary data and statistics
regarding audience demographics were also called upon to aid in the
analysis.

The observations were presented in a numerical style with song
tempo and audience reactions to the tracks given a numerical rating
of 1-10 on an ordinal scale (1 being the lowest and 10 the highest).

Artistes were observed over a period of time and given an audience
behaviour profile category; A, B or C (A: extreme audience reaction,
B: medium audience reaction and C: low audience reaction) based on
systematic observations of theirtr
of the bands song tempos and performances. In most cases, the
artistesd set l'ists for the pe
event. In all other cases, set lists were obtained immediately after the
performance and observational notes matched with the numerical
value tables. Audience reaction values were then plotted on a graph
where the x-axis shows the set list tracks, in order of performance,
and the y-axis the numerical value scale (1-10).



In order for the resulting graph to be used as a prediction tool, it was
necessary that this numerical value is event specific and that a
margin of error is incorporated into the measurement to cover
changes in event dynamic, such as: differences in outdoor and
indoor venues, differences in floor gradients and surfaces, queuing
mechanisms and times, lengths of support act performances and
waiting time between performances, front of stage barrier system
(FOSBS), special effects, and increased/decreased levels of event
specific audience behaviour. This information was then illustrated by
the use of three prediction line graphs separated by a margin of 1 in
the numerical value scale: a higher (line 1, green), normal (line 2,
dark blue), and lower (line 3, light blue) predictions to the set list.
Furthermore, a colour banding system was introduced to allow the
reader to see where the main bulk of the performance set list was on
the scale. The highest band, coloured red, was given to values 7
to10 on the numerical scale; the second, coloured orange, was given
to values 4 to 7; the third, yellow, for values 1 to 4. These colours
highlight increasing level of crowd activity as the numerical values
increased.

The |l ine graphs thus offer a v
reaction to the performance set list along with a coding system that

could be used to describe the performance, for example, a code B2

is given to describe artiste profile B with normal crowd expectations

of 2.

Findings
Case study 1: Muse, 2002 i 2009
In the touring period 2002-2009, the typical Muse audience was very
active, with a high level of adverse crowd behaviour incidents, such
as; crowd surfing, horizontal and lateral sways/surges, and crowd
collapses. The typical demographic of a Muse audience is: age
range, 16-26; male to female ratio, 3 to 2; crowd formation, first three
rows at barrier predominately females; highest observed crowd
density, approx. 0.3m2/person; artiste/performance band: A
(worldwide)
The graphs (Fig. 1) illustrates the general prediction reading for the
Muse performance in Hamburg on the 26 November 2006, drawing
on past experiences and audience reactions to various song tempos.
Figure 1 Muse, Hamburg, 26/11/06

HAMBURG 26-Now-06
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Examining the line graphs in Figure 1 shows that this performance
had a hard start, where the first song of the set had a fast tempo
and rated highly on the numerical scale. Audience members went
from a position of relative calm to extreme movement within the
first few bars of the song. There was then a decrease in song
tempo and crowd movement for the next few songs. This decrease
was not dramatic, however, and the crowd remained relatively high
on the scale of crowd activity. Even the lowest prediction, line 3,
was relatively high as it remained in the orange section. The spikes
in the orange and red sections prompted crowd safety managers to
resource specific areas of concern, particularly, the first few rows of
the audience at the front of stage barrier systems (FOSBS), to
monitor crowd movement and to have medical, security and barrier
maintenance teams on standby. The beginning stages and other
high tempo points of the performance also had a high risk of
involuntary body movement.

Audience reaction during the middle section was relatively low with
only two sharp rises in tempo/crowd reaction scale. From the
middle to the end stages in the performances, other factors began
to impact the audience reaction and movement, for example, crowd
fatigue might have set in after the initial energy release of the first
few songs. This would have resulted in a high number of casualties
suffering from conditions such as shortness of breath, feelings of
claustrophobia, and heat exhaustion. All of these conditions
required crowd safety management to deploy emergency
resources around the venue, particularly, and more acutely, the
front of stage pit teams.

The second last song of the set was a fast tempo song that
resulted in high levels of crowd movement. The calmness of the
previous song followed by a sudden movement generated high
levels of moshing, crowd surfing and lateral/front to back crowd
sways/surges. Coupled with crowd fatigue, alluded to earlier,
casualties rose dramatically at this point with security staff and first
aiders having to work harder to deal with the increased activity.

In this Hamburg performance, the general predictions were based
on the fact that the FOSBS was comprised of a primary, non-
angled, demountable A-frame barrier, which was positioned at
approximately 1.8m from the downstage edge (Fig. 2). Kemp, et al.
(2007) identified a direct relationship between the pressure
recorded at the barrier and the tempo of the music. The general
tempo of the Muse performance recorded in Hamburg (2006)
reached 220 beats per minute, which, as stated above, resulted in
increased barrier pressure at points where the song tempo was
higher.
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Figure 2: Barrier configuration Muse, Hamburg 26/11/2006
This direct relationship between the pressure and music tempo
prompted a future change (see below) in the Muse concert barrier
configurations to a more complex structure, designed to separate
sections of the audience. Kemp, et al. (2007) and Upton (2004)
found that approximately 5% of the crowd at a rock concert
generate approximately 75% of the total energy. These findings
were supported by studies of Muse performances worldwide
between 2002 and 2009, and helped reduce potential and near
miss crowd movement incidents.

The inclusion of a change in barrier configuration after a review of
the initial crowd movement prediction rating was seen as a relevant
control measure to combat adverse crowd movement and prevent
crowd related incidents. In the Muse performances at Wembley
Stadium, 16™ and 17" June 2007, the set lists were studied and
crowd prediction graphs plotted (Fig. 3). Examination of these
graphs led to a change in the concert barrier configuration from the
simple straight front of stage format to the one shown in Figure 4.
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Figure 3: Crowd prediction graph, Muse, Wembley Stadium,
16-17 June 2007

The total standing audience (approx 23,000) was split into three
separate sections. Two sections, located immediately in front of the
stage primary barrier and sepa
held a capacity of approximately 3000 people each. The main bulk
of the standing audience were held behind the secondary barrier.

=
<

[

WJLILILTE 1
B!
“e
|

N

Figure 4: Muse barrier configurations Wembley Stadium 17"
June 2007

The information gained from the crowd reaction graphs, and the
creation of this new barrier configuration, which effectively
separated the main energy producing sections of the audience into
its smaller and larger proportions of the standing audience, meant
that the intense crowd movement was mainly contained within the
front two section s . AnBy removing the ha
crowd and managing these fans in an active way the safety of the
mass crowd becomes lessofanissue 6 ( Kemp, et). a
The addition of further A-frame barrier formations reaching from the
point at the centre of stage to the mixer position (thrust barrier)
reduced the likelihood of horizontal crowd sway/surge and
involuntary body movement. (It must be noted, however, that this
area was used as an artiste walkway and increased crowd reaction
at the front of the secondary barrier when the artiste moved along
the thrust and approached this area.)

—



These measures meant that two separate crowd behaviours could
be accommodated within the total standing audience; members who
attended the performance because of the energetic factors such as
6moshing6 and O6crowd surfingb6 w
standing audience. Those who looked for a calmer place would aim
for a position behind the secondary barrier.
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There are, however, areas that contain elements of both sections Work based

mentioned above, such as the front three rows at the secondary
barrier. To monitor this, a second pit area was placed behind the
secondary barrier, which ran parallel to the primary barrier and
stretched from the mixer position to the extreme stage left and right
hand sides of the pitch (Fig. 4). This allowed security staff, first
aiders and barrier maintenance staff who manned the barriers to
extend their safety role further into the crowd.

On the days of the show, the crowd prediction illustration shown in
Figure 3 was used to brief the site safety officer, the security
providers, Wembley Stadium management and the emergency
services. Special attention was paid to the spikes in the graphs and
an explanation of past crowd behaviour and previously successful
crowd management techniques giyv
The performance prediction for the show on the 17" June (Fig. 3)
included special effects. Upton (2004:p?) not ed, n At
concert events crowd excitement levels can be maintained and even
increased by the clever use of lighting, sound and special effects,
and the actions of the artiste to a point where a crowd mass can
often appear to act irrational!/l
performance and their inclusion in the crowd prediction graph,
served to update the existing event risk assessments, allowing all
involved agencies to become more aware of their working
environment and to refine their operations and staff deployment.
Referring to artiste/concert code system outlined earlier, the
Hamburg concert was given a rating of Al (extreme potential
audience movement and higher than normal crowd movement - top
line graph, Fig. 1) after taking into consideration factors such as:
crowd behaviour of Muse fans in Germany, the use of only one main
FOSBS, total capacity of the standing audience behind the primary
barrier, and the use of special effects. Although the general crowd
behaviour of Musebs Wembley aud
Hamburg concert, the introduction of the new crowd management
measures (e.g. barrier configuration, better prepared event agencies)
for the Wembley performances (on both nights) has lowered the Al
rating to two separate ratings. Rating A3 was given for audience
pens immediately in front of the stage, where extreme potential
audience movement (Classification A) and lower than expected
movement (line graph 3) were anticipated due to the separation of
the main energy releasing audience groups into 2 parts. Rating B2
was given behind the secondary barrier, where medium potential
audience movement (Classification B) and normal expected crowd
movement (line of graph 2) were anticipated due to the separation of
the energy releasing sections of the audience, reducing overall
crowd movement and containing adverse behaviour.
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Case Study 2: Keane 2008-2009

The typical Keane audience was relatively much less active that of
the Muse audience. There was almost no evidence of adverse
crowd behaviour in the touring period 2008-2009. The typical
demographic for a Keane audience is: age range, 16-50; male to
female ratio, 2 to 3; crowd formation, first three rows predominately
females; highest observed crowd density, approx. 0.5m2/person;
artiste/performance band: C (UK, US, Europe) B (South America)
The crowd prediction graphs were applied in advance to the Keane
concert at Antwerp on 26 October 2008. The general audience
demographic for the typical Keane audience was much broader in
agerange t han Museb6s, and there
adverse crowd behaviour. The larger percentage of female fans is
thought to have kept aggressive behaviours to a minimum and this
being the case, Keane were given the artiste rating C (lowest type
of audience reaction). The graphs in Figure 5 illustrates the crowd
reaction and song tempos of the Keane set list at that show.
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Figure 5: Keane Crowd prediction graph Antwerp, 26/10/08

The Lotto Arena in Antwerp is a largely seated audience in raised,
limited access bleachers with approximately 20% of the total
capacity of the venue contained within the standing area at the front
of the stage. With the small percentage of the audience who may
wish to act more energetically being contained within this section,
there was no evidence to suggest a need for increased barrier
configuration or other control measures. The performance was
predicted to be as shown in line graph 2 (normal crowd reactions)
due to the calmer song tempos, lack of special effects, shorter
gueuing times, and close proximity and availability of amenities.

Based on this information two crowd prediction ratings of C2 and
C3 were given to this show. Rating C2 was given to the standing
area immediately in front of the stage, where low potential audience
movement (Classification C) and normal/medium expected
movement (line graph 2) were anticipated.



