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Climate Change: Lessons from 
the Past

1



Historical change

-0.60

-0.45

-0.30

-0.15

0

0.15

0.30

0.45

0.60
Tem

p
erature d

ifference in ˚C

1880

1940

2000Years

2



Changing Trends over Time
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History Can Only Take You So Far
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1861 John Tyndall measured heat 
absorbing properties of different 
gases, including carbon dioxide
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1827 Joseph Fourier likened the 
atmosphere to a ‘glass bowl’ 

Discovery of the Greenhouse Effect



Greenhouse Gases

Water (H2O)

Carbon dioxide (CO2)

Methane (CH4)      x20-25 CO2

Nitrous oxide (N2O)    x300 
CO2

and many others

Often measured in parts per million (or billion) e.g. 
380 ppm means 380 molecules of carbon dioxide 

for every million molecules of dry air
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The Great Ice Age

• 1837: Agassiz’s lecture on the Great 
Ice Age

• By 1860s, had declared the world 
was fully covered in ice

• 1875: Croll proposed three different 
orbital controls on ice ages

• 1920: Milankovitch calculated 
changes in heat from Sun at different 
latitudes. Cool summers were key.

‘The development of 
these huge ice sheets 
must have led to the 

destruction of all organic 
life at the Earth’s surface’
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Svante Arrhenius

• 1895, calculated an increase in 
carbon dioxide by 50% might 
lead to a warming of 3˚C; 
doubling by nearly 6˚C

• Feedback from water vapour

‘We would then have some right to indulge in the pleasant belief that our 
descendants, albeit a!er many generations, might live under a milder sky 

and in less barren natural surroundings that our lot at present.’
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MIS 18 consists of two clearly separated phases. The earlier phase
reaches its minimum of 177 p.p.m.v. just before a fast increase to the
second, a phase of rather constant CO2 concentration between 205
and 212 p.p.m.v. lasting for 20 kyr. A rapid reduction by about
30 p.p.m.v. within a few thousand years, similar to MIS 15.2 and
15.4, and a similarly rapid increase by 40 p.p.m.v. (termination
VIII) mark the beginning of the next interglacial. During the
40,000 yr ofMIS 17, CO2 ranges between 215 and 240 p.p.m.v., which
is significantly lower than in other interglacials during the past
800 kyr. At the beginning of MIS 16, CO2 remains below
180 p.p.m.v. for 3 kyr, most probably reflecting more pronounced
glacial carbon storage in the ocean. During this period, CO2 falls to
its lowest value ever found in ice cores, 172 p.p.m.v. (667 kyr BP),

redefining the natural range of CO2 of the late Quaternary to about
170 to 300 p.p.m.v., before it rises at a rate of 8 p.p.m.v. kyr–1 to
190 p.p.m.v. at 665 kyr BP.

Figure 2 shows our data together with earlier results from the
Dome C (650–390 kyr BP4 and 22–0 kyr BP5), Vostok1–3 (440–
0 kyr BP) and Taylor Dome6 (60–20 kyr BP) ice cores resulting in a
composite CO2 record over eight glacial cycles. During these
800 kyr, CO2 is strongly coupled with the Antarctic temperature
(r25 0.82).

It was suggested earlier4 that there is a strong stationary relation-
ship between Antarctic temperature and CO2. But our data reveal a
significant deviation from this behaviour: The atmospheric concen-
tration of CO2 during MIS 17 remains significantly below the levels
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Figure 2 | Compilation of CO2 records and EPICA Dome C temperature
anomaly over the past 800kyr. The Dome C temperature anomaly record
with respect to the mean temperature of the last millennium8 (based on
original deuterium data interpolated to a 500-yr resolution), plotted on the
EDC3 timescale13, is given as a black step curve. Data for CO2 are fromDome
C (solid circles in purple5, blue4, black: this work,measured at Bern; red open

circles: this work, measured at Grenoble), Taylor Dome6 (brown) and
Vostok1–3 (green). All CO2 values are on the EDC3_gas_a age scale26.
Horizontal lines are the mean values of temperature and CO2 for the time
periods 799–650, 650–450, 450–270 and 270–50 kyr BP. Glacial terminations
are indicated using Roman numerals in subscript (for example TI); Marine
Isotope Stages (MIS) are given in italic Arabic numerals27.
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Figure 1 | DomeCCO2data. Black solid circles connected by a grey line: data
measured at Bern (mean of four to six samples); error bars represent 1s of
the mean (s.d.). Red open circles: data measured at Grenoble
(2s5 3 p.p.m.v.). Blue solid circles: Dome C CO2 data published by
Siegenthaler et al.4. Green solid diamonds: control measurements with the

sublimation extraction technique. The black arrow indicates a CO2 value of
3396 56 p.p.m.v. (s.d.), an artefact detected at a depth of 3,178.12m (age:
783,040 yr BP). All data are plotted on the EDC3_gas_a age scale26. Glacial
terminations are indicated using Roman numerals in subscript (for example
TVIII); MIS denotes Marine Isotope Stage27.
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Exceptional greenhouse gas 
levels today compared to 

natural ‘recent’ past
Luthi et al., 2008, Nature

Today
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Early Attempts at Prediction

1838: Patrick Murphy (MNS) 
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Early Forecasting
Robert Fitzroy

Took Darwin round world between 1831 
and 1836

1854, British Meteorological Office set up 
to collect weather data; Fitzroy head

1860, network of observation stations 
could give warning of impending storms

1861, first national forecasts (coined the 
term); published in The Times

Not everyone satisfied!
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Nature vs. Human

Meehl et al., 2004
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Temp. ˚C
Sea 

Level, m

Global 1.1-6.4 0.18-0.59

Projections for End of 21st Century
UN Intergovernmental Panel on Climate 

Change (2007)

Summary for Policymakers  IPCC WGI Fourth Assessment Report 
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FIGURE SPM-5. Projected surface temperature changes for the early and late 21st century relative to the 

period 1980–1999. The central and right panels show the Atmosphere-Ocean General Circulation multi-

Model average projections for the B1 (top), A1B (middle) and A2 (bottom) SRES scenarios averaged over 

decades 2020–2029 (center) and 2090–2099 (right). The left panel shows corresponding uncertainties as 

the relative probabilities of estimated global average warming from several different AOGCM and EMICs 

studies for the same periods. Some studies present results only for a subset of the SRES scenarios, or for 

various model versions. Therefore the difference in the number of curves, shown in the left-hand panels, is 

due only to differences in the availability of results.{Figures 10.8 and 10.28}
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Unprecedented 
change for 12,000 
years

Larsen B (2002)

Domack et al. (2005)
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• Glacier National Park in the US 
has lost 80% of 150 glaciers

• Kilimanjaro has had ice for 12,000 
years but will be gone between 2015 
and 2020

‘Canaries in a coalmine’
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AD 900-1350
(‘Medieval Climate 

Anomaly’)

AD 1350-1850
(‘Little Ice Age’)
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2003 6˚C warmer than normal over past 633 years

Using Burgundy Pinot noir grapes 
(Chuine et al., 2004)
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Masson-Delmotte et al., 2010). Accompanying these changes,
recent estimates of sea level corrected for changes in gravity,
solid Earth deformation and other effects have suggested the
LIG was 6.6–9.4m higher than today, rising some 6–9mm a!1

(Kopp et al., 2009) – at least double the current global average.
To better understand the mechanisms and sensitivity of the
Earth system to radiative forcing, it is critical that a better
constrained temperature estimate is obtained for this period.
Here we provide global and regional estimates of tempera-

ture during the LIG and present evidence that the Agulhas
Current increased global warming through the enhanced
delivery of warm, salty water into the Atlantic Ocean,
intensifying AMOC and partially decoupling the climate
system from the carbon cycle.

Methods

Although numerous qualitative reconstructions of the LIG have
been reported (Trauth et al., 2003; Sirocko et al., 2005; Brook
et al., 2006; Kieniewicz and Smith, 2007; Van Nieuwenhove
et al., 2008), the magnitude of inferred changes around the
globe is problematic to interpret. As an alternative strategy, we
have compiled a global dataset comprising 263 published ice,
marine and terrestrial sequences spanning the LIG that also
contain a quantified estimate of annual temperature. Data
were obtained from individual site reports, supplemented by
records archived by the NOAA Paleoclimatology Program
(www.ngdc.noaa.gov/paleo/paleo.html) and Pangaea database
(www.pangaea.de) (see online supporting information for site
locations and sources). Because of dating uncertainties over
this period, sea surface (obtained using a combination of
Sr–Ca, Uk0

37, Mg–Ca, diatom and radiolarian transfer functions)
and ice core (using d18O) temperature estimates were taken
across the isotopic plateau associated with the LIG; terrestrial
temperature estimates (based on pollen, macrofossil and
Coleoptera) were developed over the period of maximum
warmth and assumed to be broadly synchronous with the ocean

and ice d18O plateau. Where uncertainties were not reported for
individual marine temperature reconstructions, conservative
estimates were assumed (see online supporting information)
(Barrows et al., 2007). To develop a robust comparison to today,
mean annual terrestrial temperatures for each palaeosite location
were taken from the AD 1961–1990 estimate from the nearest
0.58" 0.58 grid cell (www.cru.uea.ac.uk/cru/data/hrg.htm; New
et al., 1999); contemporary ocean records were obtained
over the same period from the nearest 28" 28 grid cells
(www.esrl.noaa.gov/psd/data/gridded/; Smith and Reynolds,
1998). Differences between the LIG and today were averaged
within gridded boxes 458 latitude by 308 longitude, followed by
zonal, hemispheric and global averaging.

Results and Discussion

Importantly, the different proxies used in this study all have
limitations and/or potential biases (Jones and Mann, 2004). To
minimise these, we have only utilised records that report
annual averages, havemore than four data points across the LIG
and used conservative estimates of the uncertainties where
none were reported. Furthermore, due to the inherent problems
with dating LIG sequences, we averaged the temperature
estimates across the isotopic plateau in the marine and ice
records (though this resulted in removing the very earliest high
Antarctic temperatures from our reconstruction) and the period
of maximum warmth in terrestrial sequences, to provide a first-
order estimate of the global climate at this time.

Our results suggest the world was 1.5# 0.18C warmer than
the period AD 1961–1990 (Fig. 1). Although the uncertainty of
this reconstruction almost certainly does not capture all the bias
in our dataset (including the poor spatial coverage in some parts
of the world), this analysis implies global temperatures were
$1.98C higher than pre-industrial levels (Smith and Reynolds,
2005). The available data also indicate there was a strong
latitudinal temperature gradient, with greater warming at high
latitudes (>608) relative to tropical regions (0–308) (most
probably related to ice albedo sensitivity) and imply a reduced
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Figure 1 Temperature anomalies (relative to AD 1961–1990) in 263 Last Interglacial ice, marine and terrestrial sequences. The location of
the Antarctic Circumpolar Current (ACC) and the Agulhas Current are shown. Sites suggesting local early warming are shown with bold circles. This
figure is available in colour online at www.interscience.wiley.com/journals/jqs

Copyright ! 2010 John Wiley & Sons, Ltd. J. Quaternary Sci., Vol. 25(6) 839–843 (2010)
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Turney and Jones, 2010, Journal of Quaternary Science

The Last Interglacial (130,000-116,000 years ago)

~2˚C warmer than pre-industrial temperatures 
Sea level 6.6-9.4 metres higher than today
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Recent slowing of coral growth on GBR
•  multiple coral growth records

•  throughout GBR  (not just inshore)

•  slowing growth - 14% decline since 1990

•  unprecedented in at least  400 years

•  likely due to increasing temperature stress and maybe ocean chemistry

It’s Not Just About Climate
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De’ath et al., 2009, Science



Volcanic Forcing: A 
Future Option?

• Volcanic ash and sulphate 
aerosols can help reflect 
incoming sunlight

• Paul Crutzen (2006) suggested 
injecting sulphate into 
stratosphere to offset warming

• Note highest temperature in 
1998
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Final proof!
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