
Why not try a palaeoclimate perspective to understand current and future climate 

change? It’s all in the dirty mud under the sea, the ice, speleotherms, the desert, tree 

rings and many other things, occasionally they read “Rapid Climate Change”. 

 

Introduction 

 

Rapid climatic events in the past are not analogous with today, but do tell us about 

potential future scenarios through a deeper understanding of feedbacks, processes, 

signals and thresholds and most importantly characteristics of rapidity in the historical 

record. This article assesses and promotes the role of palaeoclimate evidence in the 

past, the momentum of current demand and makes suggestions for a future provided 

by a driven palaeoclimate and modelling community you really ought to get to know. 

 

Palaeoclimate records can show a full range of climatic behaviour beyond 

instrumental records. They have shown regional abrupt climatic events have 

occurred in a decade or less and with temperature changes of 8-16C. Abrupt 

climate changes could have natural or anthropogenic causes (Alley et al, 2003). 

 

 

History 

 

The role of palaeoclimate data in the IPCC - Intergovernmental Panel on Climate 

Change (IPCC), has undergone significant changes since the first report in 1990 

becoming increasingly visible as it’s understanding is improved. The First 

Assessment Report (FAR) (IPCC, 1990), made no reference to palaeoclimate 

evidence for natural forcing, solar variability, sea-level changes or most importantly 

abrupt change. The Third Assessment Report (TAR) (IPCC, 2001), moved towards 

understanding natural baseline with multi—proxy analysis. The Fourth Assessment 

Report (AR4) (IPCC, 2007), demonstrated a marked shift with it’s own unique 

chapter whereby it also looked at how the climate system responded in the past to 

large forcings. At this time an emphasis was put upon understanding methods used 

and reducing associated uncertainties to the widening audience. However the need 

to integrate past, current and future data, with reliable and comparable chronologies, 

is essential to look at the 21st century effectively within the context of past processes 

(Caseldine et al, 2010). 

http://www.ipcc.ch/
http://www.ipcc.ch/


 

Complex Systems 

 

The fundamental characteristics of the Earth’s system; biosphere, hydrosphere, 

geosphere, anthrosphere and their complex interactions provide a source of non-

linear behaviour and uncertainty due to the complex interactions. These non-linear 

systems can undergo sharp transitions, by crossing equilibrium thresholds 

(Rial et al, 2004), a concept the palaeoclimatic community would like better 

placed to communicate to policy and decision makers.  

 

The system is not only chaotic, but is complex and can provoke self—organisation 

spontaneously. These complex systems have “emergent behaviours” demonstrated 

by (Table 1), (Rial et al, 2004). 

 

SUBSYSTEM EMERGENT 
BEHAVIOUR 

Tectonic-geologica Earthquake 

World economy Stock market crash 

Bio sphere Mass extinction 

Climate ? 

Table 1 Complex systems and emergent behaviour (Rial et al, 2009). 

  

The Climate system’s emergent behaviour could be abrupt climate change 

(Rial et al, 2004). Alley et al (2003), discuss the probability of large abrupt 

events recurring due to human forcing. The uncertainty surrounding the 

probability of projecting such events lies with the thresholds of the climate system 

and will always be uncertain. Policy makers can prepare for enhancing adaptability of 

ecosystems and the economics, making them more resistant and to expand research 

into abrupt climate change to understand how to include appropriate monitoring 

systems (Alley et al, 2003). 

 

Understanding of the non-linearity of the Earth’s system is relatively poor and how it 

manifests in a variety of conditions point initially to looking at alternative methods for 

robust predictions and secondly to embrace the non-linearity (paradigm) to progress 

understanding of the influence of anthropogenic activity on the climate. The only 

effects and presence in a climate process that can be quantified are feedbacks, with 

almost certainty, which can be deduced from observations. Even the response of the 

climate to orbital forcing shows strong evidence of non-linearity, possibly due to the 



climate system transforming insolation with different ice masses, resulting in energy 

transfers creating new frequencies. A prominent switch in the climate system 

frequency to orbital forcing occurred mid-Pleistocene, switching from the 

predominent 41k year cycle to 100 k/year. Rial et al (2004), discuss this interesting 

transition and changes in the climate systems sensitivity. As a result of instabilities 

crossing thresholds and other non-linear behaviour within the climate system, abrupt 

climate change can occur. These behaviours (Fig.1) are not well understood. They 

show episodes of rapid warming followed by slower cooling and do not represent a 

relation to astronomical forcing (Rial et al, 2004). 

 

 

Figure 1Climate change samples over different time scales and proxy records.  

Note fast warming/slow cooling see-saw pattern (Rial et al, 2004). 

 

 

The pattern shown is frequently repeated in the past, based on vital palaeoclimate 

proxy data, upon which Rial et al (2004), suggest will likely occur in the future. So 

why are the warming episodes so fast and the cooling episodes so slow? And has 

anthropogenic activity triggered a similar abrupt warming episode. The current 

climate trend and the last glacial period clearly have different dynamics, but when 

modelled show the system can switch with relatively small amounts of freshwater in 

the high latitudes, whereas a sinusoidal modulation with a smaller amplitude doesn’t 



cause the present day climate to shift, but if the amplitude can be reduced further, 

the climate can start flipping (stochastic resonance) within the systems non-linearity 

condition. An example of decadal abrupt changes can be seen on the Niger 

around 1962 during the wettest consecutive period on record showing a large 

rapid shift in flow rate contributed by increased precipitation over lakes and 

consequential inputs, catchments runoff and lake evaporation and land 

evaporation/transpiration due to increased cloudiness (Rial et al, 2004). 

 

The North Atlantic Oscillation (NAO) is a seesaw oscillating system between Iceland 

and the Azores. It is an important mode of decadal-scale climate system variability 

and on both sides of the Atlantic is responsible for 50% of sea-level pressure. NAO is 

a positive anomaly that represents a warm phase, and when it is strongly positive it 

reduces atmospheric moisture at high altitudes and has an impact on snow (Rial et 

al, 2004). 

 

ENSO’s warm phase ‘El Nino’ enables warm surface water to propagate eastwards, 

and with it follow a migration of deep areas of convection. Climate patterns can be 

perturbed globally due to the sensible and latent heat exchange at the ocean-

atmosphere interface, which at the peak time of an El Nino, the warm surface water 

can reach 30 million Km2, due to the (1) vertical transfer of heat, energy & moisture 

(2) horizontal atmospheric flow and (3) the overflow into synoptic systems mid 

latitudes. ENSO’s cool phase La Nina sometimes occurs after an El Nino ends. 

When cold waters reach the tropical pacific, La Nina can reverse the anomaly 

patterns during El Nino. ENSO’s irregular oscillations driven by the seasons are a 

low-order chaotic system that may eventually be predictable as far as short-term 

evolution (Rial et al, 2004). In the Pacific an abrupt shift occurred as the atmospheric 

circulation pattern became enhanced, changing surface temperatures ocean wide. In 

the tropics and the coast of the Americas it became warmer. This could be related to 

ENSO (Alley et al, 2003). 

 

Regional climate systems can be significantly altered by land-use change. The 

radiative effect of atmospheric CO2 that has been enhanced is amplified via 

seasonal plant growth and the related complex pattern of response. Lands 

distant from these areas are still affected by tele-connection of atmospheric 

conditions or the change in weather (Rial et al, 2004). 



 

The Archives 

 

Due to the re-organisation of the atmosphere-ocean system during the last glacial, 

abrupt events occurred. Stocker reviews the mechanisms responsible by 

understanding processes that drive natural variability by comparing such events with 

evidence from unperturbed past climates (Stocker, 1999).  

 

Palaeoclimatic archives provide environmental parameters characterizing the climate 

beyond the 150-year scale of systematic measurements and can also be 

considerably augmented by comparing and synchronizing evidence from different 

locations (Stocker, 1999). 

 

The evidence provides archives of changes in natural fluctuations, abrupt changes 

and slow variations. See (Table 1) & (Fig 2), despite climate systems and their 

complex fluctuations that can occur on all scales (temporal and spatial), (Stocker, 

1999). 

 

Natural fluctuations Abrupt change 
Sequences (amplitudes 
of changes are much 
larger) 

Slow variations 

El Nino Southern Oscillation 
(ENSO)  

 

Dansgaard/Oeschger 
(D/O) events 

Changes in the parameters of the 
Earth’s orbit. (Milankovich’s  
theory) Typical time scales are 
20,000, 40,000, 100,000 and  
400,000 years, and changes are 
global.  

North  
Atlantic Oscillation (NAO) 

Heinrich events  

 Terminations of ice 
ages 

 

Table 1 Types of changes distinguishable in climate archives extending tens of thousands of years (Stocker, 1999). 

 



 

Figure 2 40,000 years of climate change obtained from d
18

O (Stocker, 1999). 

 

  

Natural variability can be difficult to extract particularly the smaller amplitudes 

associated with the Holocene and the limited marine sediment temporal resolution 

(very rare annual layers can be read from marine sediments. El Nino events can be 

picked up in isotopic analysis of corals (Stocker, 1999). 

 

Stocker provides a thorough explanation of the characteristics of flow in an ocean 

basin with four major circulations types. Heat is transported to the high latitudes by 

the ocean atmosphere system, where a net loss of energy occurs. Ocean currents 

carry half of that heat (Stocker, 1999). 

 

Stocker (1999), refers to American geologist, T.C. Chamberlin, who wrote “the 

agencies which influence the deep-sea movements in opposite phases were very 

nearly balanced…if their relative values were changed to the extent implied by 

geological evidence, there might be a reversal of the direction of the deep-sea 

circulation” and sums up by referring to it today as “’multiple equilibria’ of the ocean 

circulation”. Later in 1961 Stommel found two equilibrium states and wondered if 

“very different states of flow are permissible in the ocean or some estuaries and if 

such a system might jump into one of these with a sufficient perturbation;”. In 1981 

Ruddiman and McIntyre found evidence that a rapid movement of the North Atlantic 



Polar Front Southwards (by more than 20 latitude) was associated with the 

Younger Dryas. In 1984 Oeschger et al made further connections with ocean 

circulation and rapid changes, found in palaeoclimatic evidence (Stocker, 1999). 

 

Palaeoclimatic evidence shows 23 D/O events in the Greenland Ice cores, marine 

sediments and terrestrial records. They show that within a few decades rapid 

warming was followed by a few centuries of gradual cooling and then a phase of 

distinct cold associated with ice rafted debris (Heinrich events), (Stocker, 1999). 

 

An important mode of the glacial cycle variation is the “Bond cycle” whereby small 

CO2 variations are exhibited. The atmospheric concentration of methane was also 

found to have undergone abrupt changes (Stocker, 1999). 

 

 

Current Application 

 

IPCC 

The IPCC in the last assessment (FAR) evaluate the knowledge and use of 

palaeoclimatic data in determining how the climate has changed over different time 

scales and how it can be used in climate modelling. During the 1970s, palaeoclimate 

science was primarily focused on the imminent ice age and origin of past ice ages 

and has since made significant advances. The first IPCC assessment (IPCC, 1990), 

found climatic variations that had occurred before instrumental records began were 

not well understood. Understanding now is much improved and the FAR assessment 

(2007) is better integrated with modelling and observations and is more quantitative. 

It describes the strengths and weaknesses of palaeoclimatic methods, makes a 

chronological review of the current record and provides a useful insight into low and 

high frequency changes in patterns of variability in climate change and how they 

might influence each other. Assessments are made of the ability to simulate and 

model climate-forcing responses (IPCC, 2007).  

 

Sea Level 

Gehrels (2010), suggests an informed look at sea level data and taking a more 

critical view of the assessment of the subject within the IPCC. He suggests sea level 

rising has not been uniform or synchronous globally and requires deeper attention, at 



least by the IPCC, to drive research and establish drivers for sea level change, the 

history of Holocene ice melt and if long term global signals exist.  By finding patterns 

of regional sea level change (& subsidence’s), a better dataset to answer these 

questions is provided, rather than aspire to finding a baseline condition (Gehrels, 

2010). 

 

Thompson et al (2006), provide evidence for an abrupt event occurring 5,200 yr ago. 

The event was widespread and “spatially coherent” throughout the tropics, occurring 

at similar times to changes with several civilizations structures. The evidence is 

derived from newly exposed wetland plants that have been radio carbon dated, 

observed glacial retreat of the majority of mid to low latitude glaciers and the warming 

trend demonstrated by d18O in the mid to low latitudes, at high elevations. Thompson 

et al (2006) argue the evidence show the current warming since the 5.2 event is 

unprecedented and warn results of it are contributing to global sea level rise and 

threaten freshwater supplies (Thompson et al 2006). 

 

 

Figure 3 Ice core locations providing evidence for abrupt climate change (Thompson et al 2006). 

 

While debate exists regarding which factors drive warming (18O), the ice cores 

confirm behaviour is unusual (d18O). Thompson et al (2006), illustrate a strong 

signature that the tropical climate systems large scale dynamics has changed, 

as found, clearly preserved in high-elevation ice fields (Thompson et al 2006). 

 



Due to a lack of a strong Coriolis effect, temperature variations in the tropical climate 

regime are not balanced; therefore a feature of the regime is small horizontal 

temperate variations. The primary driver of glacier retreat is the rising air temperature 

(Fig.4), (Thompson et al 2006). 

 

 

Figure 4 Variability in tropical climate during the Holocene Thompson et al (2006). 

 

 

Abrupt Climate Change Events 

In some regions, without major external forcing, extensive climate change has 

occurred in as little as decade. Large changes can occur with minimal forcing by an 

abundant amount of amplifiers in the climate system. E.g. new vegetation dormancy 

caused by drying can be connected to drought (due to the vegetation death reducing 

evapotranspiration, reducing rainfall and reinforcing drought). Slow changes allow 

economic systems to adapt but are less likely to have the ability to adapt to abrupt 

changes. Long-lived ecosystems are less likely to and Alley et al warrant these areas 

as requiring specific attention (Alley et al, 2003). 

 

 



In order to predict future climate, past abrupt climate events and the climate system’s 

sensitivity to perturbations need to be understood, providing essential information. 

The 8.2 ka climate event is used, as it is the most pronounced abrupt climate 

event of the Holocene. The event is recorded in geological archives, expressed 

as a cold period, around the North Atlantic Ocean. The likely cause of the event 

around 8470 years ago the proglacial Laurentide lakes catastrophically drained 

into the Hudson Bay and perturbed the North Atlantic thermohaline circulation. 

Many modelling studies, model–data comparisons and geological evidence for a 

change in deep ocean circulation enable catastrophic drainage accounts to provide 

evidence for the event strongly supporting the hypothesis that the event was caused 

by the freshwater perturbation of the North Atlantic thermohaline circulation.  This is a 

key issue for the future and what happens to the THC (Wiersma et al, 2011). 

 

Despite not knowing exactly what will happen, theories for likely scenarios can be 

tested through modelling. Wiersma et al (2011) modelled six scenarios of freshwater 

pulses in the Labrador Sea, using data that closely agreed with evidence from the 

Greenland ice cores of magnitude and duration. The duration of the studies 

contemplates the questions to build the scenarios; how much water do you flush the 

model with? The model provides errors from which to infer solutions by looking at the 

sources of data or methods used to present the scenarios. The exercises provide the 

opportunity to assess the implications for the Greenland Ice Sheet melting with 

continued global warming (Wiersma et al, 2011). 

 

 

Future Palaeoclimatic Perspective 

 

The PALeo SEA level working group, (PALSEA), produced a consensus paper 

looking in a bid to capture palaeo-sea-level dynamics from the records for ice sheet 

modellers to better determine future sea level rise. As the Greenland and West 

Antarctic Ice sheets become increasingly unstable, palaeo-data and direct 

observations may enable a better understanding of the processes of rapid ice sheet 

change and the non-linear ice sheet responses to climate forcing (PALSEA, 2010) 

 

Lenton (2008), takes ‘‘tipping points’’ to a larger-scale to describe components 

of the Earth system that may pass a tipping point and the potential ability to 



provide an early warning system to detect their proximities having ranked their 

sensitivity to global warming. This is done by critically evaluating the underlying 

physical mechanisms, related uncertainties and anthropogenic forcing in order to 

establish where tipping points exist (Fig. 5). However they conclude with smooth 

projections of climate change, society could be lulled into a false sense of security, 

despite this the IPCC have a platform on which this policy assessment could be built 

within the mitigation and adaptation current overview, with more robust questions for 

mitigation and adaptation for each tipping element (Lenton et al, 2008). 

 

 

Figure 5 potential policy-relevant tipping elements in the climate system 

 

Estimations can be made about which vulnerabilities are likely to occur and how they 

can be coped with using palaeo-environmental, palaeoclimatic and historical records. 

This provides a resilience and sensitivity test to assess different cultures and 

countries and how they will react to abrupt changes in climate and the related events. 

The practical use of ‘what-if’ scenarios (Rial et al, 2004), (Swart & Marinova, 2010), 

provide a lens from which to judge responses. Rial et al suggest the following 

examples could be considered if they were to re-occur: 

• The 1930s ‘dust bowl’ in the United States;  

• The ‘Little Ice Age’ in Western Europe; 

• An abrupt warming on the scale of the D/O (Figure 3a) was to occur; or  

• Major volcanic eruptions (e.g. Tambora in 1815), (Rial et al, 2004). 

 

The UK Low Carbon Transition Plan Emissions Projections Report (2009) clearly 

indicates the provision for the “expected variation in projections” and using scenarios 



captures the degree historical data is used to predict the future. Acknowledging the 

uncertainty in this way permits a suitable ‘range’ to be used in which to vary 

assumptions (DECC July, 2009). 

 

Schmidt (2010) aims to constructively respond to the uncertainties in AR4, by 

synthesising future procedures to provide greater consistency in practices. He 

intends to do this by addressing the most utilised questions and targeting high priority 

areas e.g.; “sensitivity and intrinsic variability of regional rainfall, ice sheet dynamics, 

carbon cycle feedbacks, polar amplification, overall climate sensitivity, abrupt 

change, vegetation, ocean circulation, ENSO sensitivity,” considered by Schmidt as 

high-priority targets. To add insight Schmidt proposes appropriate palaeoclimate 

modelling exercises with comparable datasets for future projections (Fig. 6), 

(Schmidt, 2010). 

 

 

Figure 6 Palaeoclimate targets for reducing uncertainty 

 

 

Conclusion 

 

On balance, small, globally averaged net forcings have had the ability in the 

past to change global mean temperature of 5-6C (Alley et al, 2003). 

 

The challenges faced in prediction are based on a wide diversity of interactions that 

are non-linear rendering it impracticable. Rial et al suggest that within the framework 

of vulnerability, integrated assessments should be made and through the process of 

risk assessment and disaster prevention, prevail over prediction (Rial et al, 2004).  
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