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Mathematics	2013	Conference

M athematics 2013, the continuation of the series of annual 
one day conferences on mathematics and its applications 
took place on 14 March. It was again held at Mary Ward 

House in Tavistock Place, London. 
The aim of this series of conferences is to bring together people 

with an interest in mathematics and its applications to be intro-
duced to a number of wide-ranging mathematical issues from sec-
tors such as government, academic research, industry, education, 
finance etc. 

 This year the theme of the conference was the mathematics 
of planet Earth; an IMA contribution to the global activities be-
ing undertaken as part of the international Mathematics of Planet 
Earth 2013 programme [1]. Around 70 people attended to network 
with others, listen to a superb range of talks and enjoy the recep-
tion in the late afternoon.

Robert MacKay FRS, CMath FIMA, the current President of 
the IMA, thanked everyone for coming and gave a brief introduc-
tion to the day after noting that it was pi-day (14 March, or 3.14 
using the US dating convention)!

1	 Swine-flu	and	epidemic	modelling
Ken Eames FIMA (London School of Hygiene and Tropical Med-
icine) and Ellen Brooks-Pollock FIMA (University of Cambridge) 
provided an entertaining double act as they described the model 
they’d produced to represent the relationships among the num-
bers of people susceptible to, infected by and recovered from the 
swine-flu epidemic in the UK in 2009.

A significant feature of their model is that children and adults 
are treated as separate, but interacting, groups, with the children 
generally having many more interactions with others than adults, 
during school terms. This accounts for the double peak in number 
of infections, one peak either side of the school summer holiday, 
observed during 2009. Their model predictions are compared with 
observations in the figure below.

They described how mathematical modelling can help deter-
mine vaccination strategy, but noted that getting good data can 
be a problem. To help with data collection with regard to flu, they 
encouraged everyone to register with the online flu-survey [3].

2	 Climate	Dynamics
Valerio Lucarini (Universities of Hamburg and Reading) consid-
ered climate dynamics as a problem of statistical mechanics. He 

noted that our climate is a complex system, which means it is com-
posed of interconnected parts that, as a whole, exhibit collective 
properties which transcend the features of the individual parts. 
The scientific method is challenged as theoretical models can’t 
be compared with repeated experiments – there’s only one Earth!

He went on to discuss how Ruelle Response Theory can be used 
to study the impact of deterministic and stochastic forcing func-
tions on non-equilibrium statistical mechanics systems like the 
Earth’s climate. 

3	 	Bunched	black	swans
Nick Watkins (British Antarctic Survey, Cambridge) used the met-
aphor of ‘bunched black swans’ to refer to long range correlated, 
wild events. He was particularly concerned about ‘burst’ events 
in the context of space weather arising from the interaction of the 
solar wind with the Earth’s magnetosphere (see figure below), but 
also gave examples from the areas of climate and finance.

There are many more extreme size coronal mass ejections (a 
massive burst of solar wind and magnetic fields rising above the 
solar corona), for example, than one might traditionally expect. 
Examples of more than expected extreme events on Earth are runs 
of hot days above a fixed threshold (e.g. as in summer 1976). He 
and his colleagues use linear fractional stable motion models as 
well as multifractal models to describe these ‘black swan’ events. 
Nick noted that Mandelbrot had long ago anticipated much more 
of the analyses of such events than he is often given credit for.

4	 Mathematics	education	globally
Rosalind Mist (Advisory Committee on Mathematics Education) 
discussed how mathematics education world-wide can impact on 
education policy in England. She asked how we can learn from 
other jurisdictions (a ‘jurisdiction’ may be a Country or part of a 
Country – such as Florida or Alberta). Politicians are often keen 
on ‘policy borrowing’, but this doesn’t always work because of 
differing backgrounds and cultural norms that might exist. Politi-
cians also tend to have flavour-of-the-month jurisdictions; for ex-
ample, New Zealand is currently trending!

The obsession with others is often centred on two comparison 
sets: TIMSS and PISA. The former seeks to compare 4th and 8th 
graders in Number, Algebra, Geometry, Data and Chance; the lat-
ter looks at 15 year olds in OECD countries and compares Analy-
sis, Reasoning and Communication skills.

Effect	of	school	holidays.	Courtesy	of	Ken	Eames	–	adapted	from	[2]

Artist’s	rendering	of	a	coronal	mass	ejection	that	will	interact	with	
the	terrestrial	magnetosphere	producing	geospace	storms.	
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Another Way of Thinking: A Review of
Mathematical Models of Crime

Joanna Sooknanan, Balswaroop Bhatt FIMA and Donna M.G. Comissiong∗

Abstract
Mathematical models are useful weapons
in the crime-fighting arsenal. With the
development of cheaper and more pow-
erful computers, mathematical modelling
of systems representing some aspect of
crime or criminal behaviour and the anal-
ysis of the resulting numerical solutions
is becoming more popular. Models may be

and numerical simulation via the computer
must be used to determine their approxi-
mate solutions. These solutions may be in
the form of graphs showing the system’s
behaviour over time as well as its sensitiv-
ity to variations in key model parameters.

Mathematical modelling and numeri-
cal simulation of systems have once again
resulted in a friendship of sorts between

used to guide decision-making, develop policies or to evalu-
ate specific strategies aimed at reducing crime. This review
provides an introduction to some relatively recent mathematical
models of crime.

1 Introduction

W ith all the numbers bandied about in the media, one
might be forgiven for thinking that crime rates are up
– and not to any good either. Homicide rates, convic-

tion rates, the increase in robberies with accompanying charts . . .
figures galore. Statistics has generally gone hand in hand with
crime and all this number crunching has traditionally left a bitter
taste in the public’s mouth. Add mathematics to this mix, and this
bitter taste turns noxious.

Though the popularity of television shows like NUMB3RS
has made mathematics more palatable to the crime-fearing pub-
lic, mathematics is still viewed as a distant, fearsome relative of
criminology. This, despite its long association with the social sci-
ences. The use of mathematics to describe social phenomena has
its roots in the ‘Era of Enlightenment’ in the nineteenth century
with the birth of statistics and probability theory and their use
in the collection and analysis of social statistics. However, this
collaboration was short-lived as the social sciences turned away
from statistics and moved towards a psychological approach to
understanding behaviour [1].

Criminal behaviour and activities have evolved in tandem
with changes in technology. Criminal activities now include
arms, drugs and human trafficking, money laundering, cyber-
crime, identity theft and gangs with international links. Crime
has become more sophisticated, organised and transnational.
With the changing nature of crime, traditional approaches to tack-
ling it are fast becoming obsolete and there is a growing need for
a new way of thinking to meet this challenge head on.

2 Mathematical modelling and numerical
simulation: partners in crime

The advent of cheaper, more powerful computers has ushered in
a revolution in mathematics. Mathematical modelling uses math-
ematics to transform real-world systems into abstract models so
as to understand, simulate or make predictions about their be-
haviour. Some of these systems may have no analytical solutions

mathematics and criminology. When modelling criminal be-
haviour and crime, since human behaviour is inherently nonlin-
ear [2], we assume that they may best be described by a nonlinear
system. This is contrary to the models generally used by policy-
makers, who are susceptible to what Ball [1] calls linear think-
ing. This has led to the development of linear models of human
behaviour with their inherent assumptions that cause-and-effect
relationships are identifiable and that there is proportionality be-
tween inputs and outputs [1]. These properties make linear sys-
tems particularly useful for prediction and manipulation – hence
their popularity in modelling.

However, when a system contains nonlinear terms, analyti-
cal solutions may be difficult to obtain so that numerical methods
must be used to obtain the approximate solutions. In nonlinear
systems, proportionality does not hold and there is a dispropor-
tional relationship between cause and effect: small changes in key
parameters can trigger large changes in crime rate. Another fea-
ture of nonlinearity is the existence of bifurcation points in key
parameters. The bifurcations give ‘tipping points’ of the system
at which the system may make a sudden transition to a new, very
different behaviour.

‘Mathematical modelling and numerical simulation comple-
ment the traditional empirical and experimental approaches to
research’ [3]. Modelling is especially important in criminology
since it helps organise and visualise existing data, identify areas
with missing data and is relatively inexpensive and more practi-
cal than carrying out an actual experiment. Modelling also of-
fers a means of varying conditions so as to conduct social ex-
periments but without the ethics and costs attached to experi-
menting on human beings. The insights provided by the models
may be especially helpful to those in authority who are charged
with the responsibility of designing policies often with a lack of
available data.

3 Crime ‘math’ers
Terminology used to characterise crime and criminal behaviour
seems to lend itself almost naturally to the use of existing math-
ematical models so as to mathematically represent a particular
crime situation. Some of these terms include crime waves, the
spread of crime, crime epidemic, the migration of criminals,
criminals preying upon the population and the formation of crime
hotspots. Two mathematical approaches used in the modelling of
crime and criminal behaviour are described next.

∗ Department of Mathematics and Statistics, The University of the West Indies,
Trinidad and Tobago.

Rosalind gave some interesting details on a number of specific 
countries, how they do and how this might affect the UK. 

5	 IMA	50th	Anniversary	Book	Prize
Just before the lunch break Ahmer Wadee CMath FIMA, CSci 
presented a prize to Paul Williams for his article that has been ac-
cepted for publication in the book being produced to commemo-
rate the 50th anniversary of the IMA next year.

6	 Mathematics	and	Energy	World-Wide
David Ogle CMath FIMA, CSci (EDF Energy) spoke about the 
mathematics needed to support nuclear energy past, present and 
future. He showed how mathematics was abused in the case of 
protection against extreme events in the case of the Fukushima 
power plant. He also spoke about how that disaster had affected 
the approach to the ‘Beyond Design Basis’ accidents for the pro-
posed Hinckley Point C power station in the UK. He noted, in 
particular, a more detailed assessment of flooding risk. Although 
Hinckley Point is not at such risk of facing a tsunami as is Fuku-
shima, pluvial (water table), fluvial (river) and coastal flooding are 
all possible.

David emphasised the need for mathematically literate people, 
not only at graduate level, but apprentice level also, to design, 
build and operate our future nuclear power stations.

7	 Mathematics	and	Global	Security
Richard Pinch CMath FIMA, CSci gave his views on mathemat-
ics in the context of global security (he was at pains to point out 
that the views he expressed were his own, not those of his em-
ployer). He listed two groups of global security risks: 1. Water; 
Food; Housing; Energy, for which many people in the world don’t 
have security and for which there is competition; 2. Personal; Eco-
nomic; Health; Information, for which people want law and order.

He noted that the correlative of security is ‘risk’. The usual 
measure of risk is the product of probability and impact, but in 
this context there are a number of issues with this, such as the 
non-linearity of impact/utility, the incomparability of impacts and 
the effect of extreme impacts.

Most of his security risks need to be thought of in terms of 
global networks. These provide significant modelling challenges. 

Models can be used to describe, predict and control, but if they 
are often so complex that control is extremely difficult. We need 
a common language of risk for decision making, and new math-
ematics for models of complex networks and for data algorithms.

8	 Demography	World-Wide	and	the	Actuarial	
Response

Chris Daykin (Independent Consultant and Former Government 
Actuary) spoke about the impact of an ageing population on social 
systems and pensions. The ageing population is caused by falling 
fertility and a steadily increasing life expectancy. He showed some 
fascinating figures for rising old age dependency for several coun-
tries. Traditionally, actuaries use an old age dependency ratio de-
fined as (Numbers aged 65 and over)/(Numbers aged 15–64), but 
he asked: Is 65 the appropriate retirement age to use? Who starts 
work at 15 these days? What we really need is a dependency ra-
tio defined as (Numbers receiving a pension/Numbers at working 
ages), and he noted that 65 cannot realistically remain the retire-
ment age. For example the table below shows the pension age that 
would be required in 2050 to maintain the 2010 dependency ratio.

 He showed a number of interesting global statistics and pro-
jections on fertility and mortality and their impact on old age 
dependency. He concluded by noting that actuaries are seeking 
a better understanding of patterns in historical data; improving 
modelling approaches; trying to anticipate changes; quantifying 
uncertainty and recognising that they can’t predict the future but 
should think in terms of projecting instead.

9	 	IMA	in	2013:	Where	Are	We?
Robert MacKay ended by listing many of the IMA’s achievements 
during the last year (such as the completion of the HESTEM con-
tract and the winning of the Initial Teacher Training contract) and 
by noting some of the challenges for the coming year (such as 
the negative impact of the government’s open-access publication 
policy on IMA income, and the problem of increasing the num-
bers of paying members). 

Alan	Stevens	CMath	FIMA
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Country Pension	Age

Sweden 71.3

UK 71.7 

Hungary 72.1

France 72.8

Germany 73.9

Italy 74.7

Ireland 75.0

Netherlands 75.5

Spain 76.0

David	Ogle	speaking	at	Maths	2013.	Credit:	Edward	Stansfield.


