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How many people were at the inauguration?

Prof. Dr. G. Keith Still FIMA FICPEM SFIIRSM MEWI FIPM 
Capt. Marcel Altenburg MA PGCert 
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Prof. Dr. G. Keith Still FIMA FICPEM SFIIRSM MEWI FIPM

PhD interdisciplinary mathematics/psychology 
25 years consulting experience (small, medium, large events) 

UK Cabinet Office Emergency Planning College (EPC) 
15 years of teaching the principles of crowd safety for major events 
International consultant 
UK, USA, Australia, Netherlands, Singapore, Hong Kong, Saudi Arabia 

Expert witness (USA and Europe) 
Washington (Senate House Committee testimony), New York State (personal 
injury), Overcrowding (licensing), Duisburg/Germany (mass fatalities), London 
Underground, Lava and Ignite (fatalities), JLS Birmingham, Hillsborough 
Inquiry (mass fatalities), Concert London (personal injury), Chicago Arena 
(personal Injury) 

City wide event planning experience 
Makkah/Hajj (Saudi Arabia), Liverpool (LIMF and Matthews Street), Austin 
SXSW (USA), Lincoln Christmas Market, 2011 UK Royal Wedding, Brighton 
Pride, Manchester City Victory Parades, Leicester Caribbean Carnival, Notting 
Hill Carnival, Kendal Torchlight Carnival, Commonwealth Games (UK)
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Capt. Marcel Altenburg MA PGCert

Captain and Unit Commander in the German Federal Armed Forces 
12 years leading and training ground combat troops 

Leading role in control rooms in the worlds biggest marathons 
Berlin (since 2012), New York City, Chicago 

MA in Human Science 
Hamburg University and Helmut-Schmidt-University, Germany (2008-2012) 

MSc Student in Crowd Safety and Risk Analysis 
Manchester Metropolitan University (since 2015) 

Enterprise Delivery Fellow at MMU 
4 days before Donald Trump started his job
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Crowd dynamics and crowd behaviour

Focus on anticipating problems, preparing safety plans and preventing 
accidents and incidents 

Crowd dynamics anticipate, prepare, prevent 

Introduction to Crowd Safety and Risk Analysis (short course) 
Bridging course from industry to academia 

MSc (Level 7)  
Crowd Safety and Risk Analysis 

Short courses (on-line) 
Identity validation, Introduction to crowd safety, 
Writing a crowd management plan, crowd risk  
analysis, behavioural based safety,  
CCTV operators, site and event modelling
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Crowded - definitions

Packed, congested, crushed, cramped, overcrowded, 
full, filled to capacity, full to bursting, overfull, 
overflowing, teeming, swarming, thronged, populous, 
overpopulated, over-peopled, busy, mobbed, stuffed, 
jam-packed, chock-a-block, chock-full, bursting at the 
seams, bulging at the seams, full to the gunwales, 
wall-to-wall, like Piccadilly Circus, chocker. 

Different people use different words to describe 
crowded spaces 

Highly subjective and emotive. For example, crushed 
could mean imminent death is likely
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Described as a “packed” High Street 
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Described as a “filled” High Street
7

© Manchester Metropolitan University. All rights reserved

8



© Manchester Metropolitan University. All rights reserved

9

© Manchester Metropolitan University. All rights reserved

10

© Manchester Metropolitan University. All rights reserved

11

© Manchester Metropolitan University. All rights reserved

12



© Manchester Metropolitan University. All rights reserved

Crowd density

Estimate the crowd density in the following images 

(number of people per square metre)
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Image 1
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Image 2
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Image 3
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Image 4
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Image 5
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Image 6
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Image 7
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Density experiment (1m2)
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1 person per square metre
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2 people per square metre
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3 people per square metre
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4 people per square metre
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5 people per square metre
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Royal Wedding - capacity and density
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2.5 people per square metre
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2.5 people per square metre
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2.5 people per square metre
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2.5 people per square metre
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2.5 people per square metre
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2.5 people per square metre
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Male body shapes
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Female body shapes
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Buggies, children, backpacks, esky’s
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Moving crowds

A moving crowd needs more space than a standing crowd 

How much more?
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2 people per square metre - unimpeded
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3 people per square metre - unimpeded
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4 people per square metre - impeded
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5 people per square metre
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5 marching in step
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6 people per square metre
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Crowd Density (people per square metre) 

Crowd Density versus Flow Rates 

Stable Unstable

Free Flowing Congested

Capacity

Crowd density versus crowd flow rate
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Low Risk High Risk

Standing

Moving
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Glastonbury 175,000 people (3,626,000 m2)
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Woodstock 400,000 people (2,400,000 m2)
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View of 400,000 people - Woodstock (1969)
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Concert field 35 acres (141,640 m2)
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Robbie Williams, 125,000 people  (141,640 m2)
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Concert 5 - 6 pm2

Large Screens 2.5 pm2 
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Using models for decision support

Modelling work for the Sydney Olympics 
Site analysis, crowd management plan 

Control room systems
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Crowd  
Condition  
Monitor
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Modelling New Year (London 2006 - 2016)

Donec quis nunc
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Modelling system – spreadsheet analysis
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Movement
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Counting crowds at the inauguration (2017)

Prof. Dr. G. Keith Still FIMA FICPEM SFIIRSM MEWI FIPM 
Capt. Marcel Altenburg MA PGCert

© Manchester Metropolitan University. All rights reserved

60
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“Can you guys do this LIVE?”

Boasting of 3,000,000 people
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Common open event questions (RAMP)

We don’t know how many people may come to the 
event… 
        ...what is the best way to plan for a major event? 

What direction will crowds approach and depart the area? 
Route question (transportation hubs to and from event site) 

What is your event capacity? 
How much area do you have? How will the area be used? 

How quickly will these spaces fill? 
What crowd movements do we expect?  
Over what period of time? 

What type of crowd are we expecting? 
Demographics, families?
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Routes for the inauguration 2017
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Area for the inauguration 2017

What areas do we have available?
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New York Marathon 42.195km

Obama = 1.8 Million 

Let’s evaluate 42 km x 2 sides = 84,000m 
x 2 (people per metre) = 168,000 people 
x 11 deep (both sides) = 1,848,000 people
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Obama (2009) 175,000m2 occupied space

Estimated 1.8 million people (would require 720,000 square metres) 

Obama 2009 = 175,000 m2 so 400,000 - 500,000 people (@ 2.5 pm2)
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69

From the White House 
website we had the area 
allocations 

We can map these areas 
using Google Earth Pro  

Measure the space  
Evaluate the capacity 
Evaluate the routes 
Evaluate the transport 
and parking capacity 

Then monitor the crowd 
build up on the day 

How the space is filling 
over time 

Crowd Dynamics
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Bowl = 39,346 m2 
-10% for spaces 

35,000 m2 of seating 
All seated 2 people per 
square metres 
70,000 people (approx)
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Penn Avenue = 7,300m2 
Union Square = 20,000m2 

Maryland Ave. = 5,300m2 
Mall Standing = 33,200m2 
Total area = 65,800m2 

At 2pm2 = 131,600 
At 3pm2 = 197,400 

The Bowl 
70,000 people 

Between 200,000 and 
267,400 people 

If 100% occupied space 
250,000 tickets
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We can see the 
white flooring 

(used in 2013) is 
not over the 
whole area
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The Mall area was smaller 200,000 m2 

It could hold 500,000 people (@ 2.5 pm2) 
If fully occupied 

For safety, the sections are divided 
Barriers and the media tent
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Movement (metro and parking - live)
74

Compare against 2009
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Time lapse of the 2017 inauguration
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Large empty areas
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Measuring the satellite images

From the 2009 satellite images we can measure the high density areas 

The front 1/3rd (beyond the reflecting pool) was full in both events 

The back 2/3rd’s were empty for 2017
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2009

2017 
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The high density areas were 1/3rd of 2009

The New York Times published the article, using the above graphics 

We had confirmation in the visuals, the area analysis, the crowd build up 
over time and the metro data. 

All point to 1/3rd the Obama crowd
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At 11am 193,000 trips (2017)
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11:15 - we had the meme
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0100 our job was complete 
13 hours of live analysis
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21st Jan - the next day
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New York Times (21st Jan 2017)

Great job guys, could you count the Women’s March today? 
We had a slight problem - it was my wife’s birthday 

We needed a strategy, some subterfuge, a plan
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Routes, Areas, Movement, Profile (packing)
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How big would this crowd be? 

Will this become a story?
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Step 1 - Areas and crowd shapes (noon)
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Step 1 - Areas and crowd shapes (noon)
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Step 2 - Crowd density (packing - noon)
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Women’s March - the gathering
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81%
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Inauguration Women´s March

???
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“We’re going to 
need a bigger 
scale”

???
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???
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145%
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215%
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295%
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295%

Women's March 
180,000 m2

Inauguration    
61,000 m2
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New Year Times - Graphics Department
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2:00pm

2:30pm

© Manchester Metropolitan University. All rights reserved

102

37%100% 54%
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Marcel gets call from the CIA building (2130)

“Something is happening here - you need to see this”
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Colleague - earthquake - rescue
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“I made a speech, I looked out..”
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Saturday 21st Jan 2017
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Claims that these were NOT the same time

We can see Obama and Trump on the screens !
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Kellyanne Conway - Counsellor to the President
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“I will not allow you, or anyone else…”
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112

“The press was trying to make 
it seem like we were ignoring 
the facts ... you look at a 
situation ... in the same way 
you can look at a weather 
report,” Mr Spicer said. 

“One weather report comes 
out and says it’s going to be 
cloudy and the next one says 
there’s going to be light rain. 
No one lied to you.” 

We may disagree with the 
weather forecast for tomorrow, 
but not with the weather we 
had yesterday!
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As we elevate the image 

We can see the spaces
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Super Bowl 51 - Attendance 70,807
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48.8m by 109.7m = 5,353.36 m2
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Pitch full = 13,383 people
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Round the clock for 4 days
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Our disguises needed some work
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Any questions?
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The Boys from MMU who
Sir Anthony Hopkins as 

Prof. Dr. G. Keith Still 

Michael Fassbender as 
Capt. Marcel Altenburg 

(c) All rights reservedTony Schwartz


