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Tipping Points: Mathematics,
Metaphors and Meanings

Shaped by the past, creating the future
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The tipping point metaphor has been applied to
particular branches of mathematics, mostly those
associated with bifurcation analysis.  Thus, we
have to understand whether or not the
mathematical representations of financial risk
and rapid environmental change in the North
Atlantic do indeed display tipping point
behaviour.  Predicting the point of a tip depends
on advanced, non-linear mathematical analyses
and innovative statistical methods that also tell
us whether such a prediction is possible.  It may
be possible to ‘predict’ tipping point behaviour if
the mathematical representations of physical and
social systems do show bifurcation behaviour,
albeit predictions of a very different sort to those
normally provided by mathematical results.

Bifurcations occur when small changes in
dynamical systems cause a sudden qualitative
change, where the system divides into two and
multiples thereof.  A well known example of a
non-linear dynamical system in mathematics that
bifurcates is the Lorenz attractor.  The Lorenz
attractor was derived from a model of convection
in the earth’s atmosphere and is a prime example
of the kinds of systems studied in chaos theory.
The key to understanding ‘tipping points’ is
studying how physical and socioeconomic
systems bifurcate, which could tell us how total
transformations happen in one dramatic moment
due to small causes and point to the prediction 
of the onset of rapid change through a focus on
system state. 

Mathematics

If ‘tipping points’ exist in the world then 
we have to rethink our assumption that the 
larger the forcing, the more change will result.
We need to account for the role of smaller
processes or forcings internal to systems that
lead to major changes.  In collaboration with
the Institute of Advanced Study at Durham
University, IHRR is bringing together world
leading academics and policy makers for
conferences, workshops and public lectures 
to further its interdisciplinary approach by
developing anticipatory knowledge to deal 
with the world’s ‘tipping points’ in their full
complexity.  This will involve bridging
knowledge from all of the Tipping Points work
packages in the sciences and humanities to
understand how we describe history and to
understand which signs within the systems
studied can be identified as ‘tipping points’.

Deep Thinking
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Metaphor and Agency
How did the tipping point metaphor become
so popular and can a metaphor transform the
world?  Since the 1990s, use of the term
tipping point has grown exponentially in
academic publications.  A dedicated group 
of researchers spanning the social sciences
and humanities is investigating how the
tipping point metaphor has grown in
popularity over time and whether it leads to
the very behaviour it describes.  They are
exploring (1) how a term comes to be used by
analogy and in metaphor; (2) how those using

the tipping point metaphor understand its
implications; and (3) whether or not the
tipping point metaphor has agency.
Researchers in this work package are also
assessing Gladwell’s hypotheses about the
tipping point metaphor as well as how a
globalised world is influencing and changing
the way the term ‘tipping point’ is used.  Data
revealed from work packages in financial risk
and environmental change in the North
Atlantic are being utilised to learn how ideas
are spread through ‘tipping points’.   
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Introduction Rapid Environmental Change
in the North Atlantic
The North Atlantic provides a virtual archive for
studying how the earth’s climate has changed
over time.  It contains records of the earth’s
climate in the land, ocean and ice sheets dating
back thousands of years.  The geological time
period known as the Holocene began 11,000
years ago, continuing to the present day after
temperatures warmed after the end of the last
glacial period.  Between 4 and 5 thousand years
ago (5-4 ka) the climate became much colder,
accompanied by an increase in moisture and the
presence of more sea ice than at present.  This
climate transition had a substantial impact on

life on earth, especially human populations and
early societies.  However, it does not coincide
with known external climate drivers such as
solar forcing.  Why did this sudden transition in
climate take place and what role did the internal
forcings within the system(s) governing earth’s
climate play in making it colder?  IHRR
researchers will make the first global
compilation of existing climate data for the
millennia before and after the event (5-3 ka),
while developing new climate records from sites
located in Norway, Iceland and East Greenland.  

Financial Risk
Regulated markets, the global banking system and
government intervention couldn’t prevent the world
from entering into a global financial crisis in 2007-
2008.  This requires radical rethinking of how
financial crises happen and whether they can be
addressed in order to prevent financial disaster.
Massive government expenditure and state-run
economies attempt to ‘overhaul’ the global financial
system in order for it to restore itself once more,
but historically this has been known not to work in
the long term.  Instead, the task for IHRR is to find
the underlying socioeconomic processes and
systems that when affected or influenced in a
particular way, may lead the global economy into a
downward spiral.  In this sense, the historical
context of financial crises is highly important.

Historians and lawyers within IHRR are
investigating how financial crises develop over
time.  The past may likely have lessons to teach
us about the future of financial risk and how it
could either be reduced or averted.  Tipping
Points will consider: 

• The 1866 banking crisis

• The period of financial crisis between 
1929 and 1931

• The 2007-2008 banking crisis

In-depth research of how these financial crises
occurred will provide some answers to (1) how
stable the banking system was at that time; (2)
the role of government and the Bank of England
during the crisis; and (3) the role of the media
during the crisis.  Is the world on the verge of a
tipping point that could lead to the collapse of
the entire global financial system?  And if so,
how can we reduce financial risk, if not prevent
it?  Tipping Points allows IHRR to uncover why
financial crises occur in order to help answer
these pressing questions about the current
global financial system.

To achieve these aims, we are pursuing four
core themes:

(1) Natural versus Economic ‘tipping points’:
Few would compare past glaciations with
the current global financial crisis, but we
are developing a detailed historical and
contemporary understanding of two classic
‘tipping point’ systems; one a property of
the physical world (albeit influenced by
humans); and the other of the human
world; to test the validity of applying the
term to both systems. 

(2) Mathematical Representation and Analysis:
Using non-linear dynamical systems
analysis to assess the validity of assigning
‘tipping points’ to these systems,
extending the analysis to a wider set of
systems and using innovative statistical
methods to understand whether we can
mathematically predict the preparedness
of a system for a tip.

(3) From Metaphor to Agency: Exploring the
metaphorical use of the term to
understand how this and similar labels
become assigned to events, articulated 
and visualised; how they gain agency, even
catalysing the very behaviour they intended
to describe.

(4) Living with Tipping Points: By integrating
the above, considering how society might
learn to live with tipping points, both as
part of the human condition and in relation
to how we prepare for the future.

Delivering our aims requires a unique,
interdisciplinary approach bringing together
researchers from the physical and social sciences
and the humanities, under the auspices of IHRR.    

Simultaneously pursuing case studies in the
physical and social sciences will provide data
from two different kinds of systems: rapid
environmental change on the North Atlantic
Seaboard; and global financial crises.  We are
testing the more formal mapping of these
systems onto bifurcation theory using state-of-
the-art mathematical analyses.  Simultaneously
we are exploring how ‘tipping points’ has been
used as a metaphor, providing insight into how it
has become fashionable and changed over time.

If ‘tipping point’ is more than a metaphor 
and the world itself contains ‘tipping points’,
we will have to learn to live in systems with 
a different kind of behaviour, one where small
changes may, if the conditions are right, result
in a very dramatic response.  Learning to live
with ‘tipping points’ will require a much
stronger engagement with how our everyday
lives create the conditions that can lead to
rapid change.

In popular terms, 'tipping point' refers to a critical point in time when everything changes at once
and has been ascribed to everything from global financial crises, to impending environmental
disasters.  As a metaphor, it was first used in sociology in 1958 to describe the critical threshold
when white people would leave an increasingly black-dominated community.  Since then, it has
been used to describe rapid technological change, the onset of rapid product adoption and similar
transformations in both physical and socioeconomic systems.  It was further popularised in 2000
by sociologist Malcolm Gladwell in his book The Tipping Point: How little things can make a big
difference. Gladwell’s ideas stretch the definition of a tipping point into a particular branch of
mathematics, namely a subset of complexity theory called bifurcation analysis.  In mathematics, 
a bifurcation is a point at which small changes start to grow rapidly, through positive feedbacks.
Systems are analysed, using bifurcation analysis, to see if they can display such behaviour.  
If natural or social systems do bifurcate, the term tipping point may not only be a metaphor, 
but suggest a behaviour that we can detect and possibly predict.  It might even have agency, 
if use of the term affects the very behaviour it sets out to describe.  Tipping Points, funded by The
Leverhulme Trust, provides the Institute of Hazard, Risk and Resilience (IHRR) with an opportunity
to provide a fresh and original exploration of a term increasingly used to describe the world in
which we live.  The relevance of understanding how ‘tipping points’ occur could not come at a
better time, as countries recover from near or complete financial collapse and as ecological
devastation due to climate change continues to grow in scale.  If there are examples of systems
that tip, then it will require a fundamentally different approach to the way in which we live.
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Aims and Themes
Our research programme is:

(a) Assessing, through quantitative and
qualitative analysis, the extent to which
the tipping point analogy is truly a property
of the world in which we live; 

(b) Exploring how ‘tipping points’ become
assigned metaphorically, sometimes
evolving to the point that they themselves
gain agency; and 

(c) Considering what this understanding
means for how we live within a tipping
point world given its potentially profound
implications for anticipatory knowledge. 

Usage of the term ‘tipping point’ in academic publications 1970-2010


