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This Work Package will tell us, for the first time
and in great detail, the nature of the climatic
shift between 6000 and 4000 years ago, and its
possible causes, including the possibility that the
system showed tipping point behaviour. Two of
our other Work Packages will then work with the
climate system information and researchers in
two ways. First, our mathematicians will look at
the extent to which the North Atlantic climate

system can be represented mathematically and
the extent to which these mathematical
representations also display tipping point
behaviour. Do our theoretical models of the
system support the conclusions made from the
analysis of the data we collect?  Secondly, our
researchers from anthropology and marketing
science will contrast the evidence, or otherwise,
of tipping point behaviour with the ways in which
we talk about ‘tipping points’ in the current
climate system. Do we recognise, in our attempts
to understand current climate variability and
future climate change, the extent to which
tipping point behaviour is observed? Finally, our
researchers in Work Package 5 will think through
what it might mean to live in a world where the
climate can undergo rapid change through
internal feedbacks in the system itself. For
instance, how do we anticipate future climates,
and learn to prepare for them, if ‘tipping points’
make the future inherently 
less predictable?
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Introduction 

Reconstructing the past
In order to reconstruct the rapid climatic cooling
that occurred between 4,000 and 6,000 years
ago we will complete the following tasks:

1. Collect several sediment cores from lakes
located in Iceland, Greenland and Norway

• These sites have been selected due to their 
proximity to the North Atlantic, a large body 
of relatively warm water which strongly 
influences the air temperatures of northwest 
Europe and Greenland.

• To collect records of past climate from these 
lakes, we will drill through one-metre thick 
winter ice and lower a coring device through 
the lake waters.  A sampling tube will then 
be driven into the lake bed to recover 
sediments for analyses. 

2. Use fossil pollen and non-biting midges
(chironomids) found in the lake sediments 
to reconstruct climate 

• We will use our knowledge of modern 
vegetation (pollen) and non-biting midges 
to interpret the fossil record preserved in 
the lake sediments.

• Examination of fossil pollen grains will allow 
us to reconstruct past vegetation cover. We 
will therefore be able to determine how warm
summers were, how cool winters were and 
how much precipitation the area received 
in the past. 

• Non-biting midges respond to changes in 
a wide variety of environmental variables, 
including temperature. We can therefore 
use their remains to reconstruct a past 
temperature record.

• Since non-biting midges spend most of 
their lifecycle in lakes, their ability to survive 
is likely to be affected by lake ice cover.   
Therefore we may be able to use midges to 
calibrate the duration of lake freezing.

By utilising non-biting midges and pollen, 
and by precisely dating the lake sediment 
cores, we will generate a robust local and 
regional climatic reconstruction of this 
period of rapid change. 

Earth’s ocean-atmosphere system
The Earth’s ocean-atmosphere system is
complex and involves a range of different factors
that influence climate over time, such as
changes in the strength, temperature and
salinity of ocean currents or variations in the
amount of sea ice.  Using the data we collect,
we will attempt to answer whether or not there
are links between different parts of the Earth’s
ocean-atmosphere system.  These are known as
‘teleconnections’ and could have large
implications for how we understand global
climate. Understanding the presence of
teleconnections within the Earth’s ocean-
atmosphere system might allow researchers to
explore how climate in one part of the world is
linked to another.  Creating a global database of
previous research on the climate shift from
different parts of the world will allow us to
obtain a bigger picture of the Earth’s ocean-
atmosphere system and whether it is

interconnected.   A change or ‘tipping point’
somewhere in the ocean-atmosphere system may
have propagated through a variety of different
complex feedback processes throughout the
North Atlantic.  An initial shift in the system
could generate feedback mechanisms that
become self-reinforcing and change the
fundamental state of the climate. One theory
used to explain the climate shift during the
Holocene is the change in the amount of heat
brought into the North Atlantic by ocean
currents from lower latitudes.  The change in
temperature or strength of those currents may
have influenced the warming of the North
Atlantic and then influenced air temperature on
adjacent land masses, but it is currently
unknown as to whether this actually occurred.

Challenges
Reconstructing past climate from thousands of
years ago is no easy task.  In order to do this, we
must produce a precise picture of the climate
that provides actual quantitative reconstructions
and not merely approximations.  This involves
understanding the present-day relationship
between different indicators (pollen grains and
midges) and measured climatic conditions to
develop accurate reconstructions of temperature
data.  One of the challenges is to obtain the
sediment cores in the first place; sites in
Greenland, Iceland and Norway can be
inhospitable and challenging working
environments, especially in winter.  When
measuring present day temperature, we get one
clear signal that tells us the exact temperature of
whatever we are measuring, but measuring
temperatures from thousands of years ago is far
more complicated.  One of the major challenges
for us involves the primary indicators, pollen and
midges, which don’t only respond to temperature.
They are influenced by other variables such as
the nutrient status of lake environments.
Biologically speaking, midges are likely more
responsive to water temperature than air

temperature.  Air temperature does influence
water temperature, but this depends on the
latitude of the lake  .  One of the primary factors
that influences lake temperature at the surface is
insolation or the amount of solar radiation
received by the lake.  For example, if two given
lakes, similar in all respects, but at two different
latitudes, one 50 degrees north and the other 60
degrees north, the former will absorb more heat
than the latter.  These environmental factors,
amongst others  that influence how midges will
respond to temperature, could explain why
different researchers calibrate the relationship
between midges and climate differently for each
region. Our limited knowledge of the biology of
the organisms we will study is one of the biggest
problems we are faced with.  While environmental
limitations of some midges may be known, the
limitations for the vast majority are unknown as
only a few have been studied in great detail; this
is also true for vegetation within the chosen sites.
A further problem is determining the precise age
of these changes in climate.  This will be
achieved by dating the sediments using a method
known as radiocarbon dating. 

What caused the rapid climatic cooling during the middle of the Holocene about 5000 years ago?  
This question has puzzled researchers for some time.  Prior to this climatic shift, parts of the world
experienced temperatures up to two degrees warmer than today (the Holocene Thermal Optimum). Abrupt
changes in incoming solar radiation are linked to climate change in the past.  However, the rapid cooling
which occurred about 5000 years ago cannot be explained by this because the amount of incoming solar
radiation was gradually declining at this time. Various hypotheses have been suggested by scientists to
explain why the climate cooled in many areas, but at present no one has established the general validity
of any of these theories.  One particularly intriguing possibility is that, rather than the climate shift being
forced by external drivers, like changes in the amount of energy received from the sun, it is driven by
changes internal to the climate system which progressively cause the system to evolve to the point of
very rapid change, a ‘tipping point’. In  Work Package 1 of the Leverhulme-funded project, Tipping
Points, we are exploring these possibilities by reconstructing what the climate on Earth was like
thousands of years ago. 

Core questions
We will reconstruct climate archives preserved
in Arctic lake sediments to help answer the
following questions:

- How and why did the climate change
during the middle part of the Holocene,
between 6000-4000 years ago?

- Did the sudden shift in Earth’s climate take
place everywhere at once, or did the
climate change begin in one place and
spread to different areas?

- Do linkages exist between different parts of
the Earth’s ocean-atmosphere system?

- What role did the change in the amount of
heat brought from lower latitudes to the
North Atlantic play in the climate shift?

Pollen grains Non-biting midge
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