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• Introduction 



Content 

• Introduction, aims and introductions 

• Sources of evidence and scales of change 

• Data sources (computer-based practical) 

 – Break (15 mins) – 

• Patterns of global change and their causes  

• Sources of palaeoclimate data (computer-based practical)  

• Natural and human-induced climate change   

• Q&A and wrap-up 

 



Aims of this workshop 

• To provide an overview of the nature of, and 

evidence for, climate change on a range of 

timescales over the ‘pre-instrumental’ period 

• To evaluate the main causes 

• To demonstrate some of the main sources of data 

available 

• To place recent, anthropogenically-induced, 

climate change within the context of natural 

climate change 

 



Introductions 

 

• Who we are (names) 

• Where we teach 

• What we currently teach about climate 

change (KS3, KS4 and KS5) 



Weather vs climate 

 

Weather 

The conditions of the atmosphere (temperature, humidity, 

rain, wind etc) are over a short period of time, and climate is 

how the atmosphere "behaves" over relatively long periods 

(minutes to months) 

 

Climate 

How the atmosphere "behaves" over relatively long periods. 

Could also be regarded as the statistical expression of 

weather or the ‘expected’ weather 

See http://www.nasa.gov/mission_pages/noaa-n/climate/climate_weather.html#.VN98LkKaGN8 



Climate change and variability 

Climate change 

A statistically significant variation in either the mean 
state of the climate or in its variability, persisting for an 
extended period (typically decades or longer). 

 

Climate variability 

Variations in the mean state and other statistics (such 
as standard deviations, the occurrence of extremes, 
etc.) of the climate on all temporal and spatial scales 
beyond that of individual weather events.  

 

 



Modes of climate change and variability 

From Bradley, 1999 



Introduction 

If someone asked you to take them somewhere to 

show them that climate has changed, where would 

you take them and what would you show them? 



The importance of studying past climate 

 

"The farther backward you can look, the farther forward 

you are likely to see.” Winston Churchill 

 

• Long-term records of climate show us the the full range 

of natural climatic variability, including climatic cycles 

and extremes 

• Understanding of natural variability is needed in order 

to determine the effects of human activity on climate 

• Past climate reconstructions can be used to validate 

climate models 

• Studies of past climate help us investigate causes of 

climate change  

 



Climate Change 
 

• Sources of evidence 

and scales of change 



Sources of evidence 

• How do we find out about past climate? 

• Instrumental records 

 

• Documentary evidence 

 

• Natural archives 



Instrumental records 

• Provide the most reliable source of climatic data 

• Precisely dated 

• Require no calibration, or calibration is physically-based and reliable 
(e.g. mercury thermometer) 

 BUT 

• Have short time series (100-150 years in many cases – but see 
below) 

• Despite reliability, may contain biases  

• Geographically restricted 

(Jones and Mann, 2004) 



Documentary Records 
• Extend the timescale beyond that of 

instrumental records 

• BUT 

• Geographically restricted 

• Require caution in interpretation 

• May highlight extremes 

• May involve subjectivity (observer-
dependent) in recording and anecdotal 
evidence • Frost dates 

• Droughts 

• Water-body freezing dates 

• Snow and ice cover duration 

• Harvest dates and yields 

• Phenological data (plant 
flowering dates, species 
ranges) 

• Glacier fluctuations 

• Lake-level changes 

Lex Blanche Glacier, W. 

Italian Alps. mid-19th century 

print and early 1990s 

photograph 



Proxy records from natural archives of 

palaeoclimate information 

 
 

Natural archives are natural repositories of information about past 

climate. They include: 

• Sediments 

– Marine sediments 

– Terrestrial sediments (aeolian, lacustrine, peat) 

• Ice  

• Corals 

• Speleothems 

• Trees 

• Geomorphological evidence (e.g. glacial moraines, periglacial 

features) 

A palaeoclimate proxy is a measure from a natural archive that is used 

as a proxy for some climate or climate-related variable that cannot be 

measured directly 

 

 

 



Climate change on different timescales 

• Past 70 Ma 

• Past 3 Ma 

• Past 450 ka 

• Past 25 ka 

• Past millennium 











D 

Data sources (top to bottom) 

1. From Zachos et al. (2001) 

data. Global benthic oxygen-

isotope data 

2. From Bintanja, R. and R.S.W. 

van de Wal. (2008) 

Temperature inferred from 

benthic oxygen-isotope data 

using a a simple ocean-

temperature model 

3. From Petit et al., (1999) 

Temperature inferred from 

hydrogen isotopes in Vostok 

Ice Core 

4. From Vinther et al. (2011) 

Temperature inferred from 

oxygen isotopes in Greenland 

Ice Core 

5. From data to accompany 

Figure 6.10 of the IPCC AR4 

WG1 Palaeoclimate  

 

 

 

 

 

 



Climate Change 
 

• Data sources 

(computer-based 

practical) 



Climate Change 
 

• Patterns of global 

change and their 

causes  



Cenozoic climate change – tectonics and 

climate 



Tectonics and climate 

Cenozoic uplift has 

been inferred for other 

areas, including: 

-Parts of the North and 

South American 

 Cordillera 

-European Alps 

-East Africa 

 
 



Global climate over the past 2 million years – 

orbital forcing of climate 

Zachos et al., 2001 



Global climate over the past 2 million years – 

orbital forcing of climate 
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Large 

Oxygen-isotope record of global ice volume 

(Lisiecki and Raymo, 2005) 



Abrupt climate change on ‘sub-orbital’ 

timescales 
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Re-plotted from Grootes et al., 1993 

Twenty-four abrupt warming events during the last glacial can be identified in the 

Summit ice core record. These millennial-scale events are called Dansgaard-

Oeschger events 
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Rapid changes during the glacial-Holocene 

transition – the Younger Dryas 
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The GRIP Oxygen-isotope record 
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Early Holocene Cooling event 8200 years ago 

Replotted from data in Blunier et al. (1995) 
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Meltwater forcing 

Proglacial lakes over North 

America at the end of the  

last glacial – Lakes Agassiz 

and Ojibway 



Climatic event Routeway Outburst Outburst
volume flux

(km3) (Sv)

Younger Dryas St Lawrence River 9500 0.3
Baltic Ice lake

8200-yr event Hudson Strait 163,000 5.2

Younger Dryas and Early Holocene freshwater outburst from Lake 

Agassiz-Ojibway 

From data in Teller et al. (2002) 

Outburst fluxes assume entire outburst occurred over one year  

1 Sverdrup (Sv) = 106 m3 S-1 



Other forcing mechanisms – solar forcing 

“The search for the signs of solar variability in climate 

records has historically been dogged by overstated 

claims and dubious statistics” 
 

 

Haigh, 2001 



Other forcing mechanisms – solar forcing 
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Sunspot cycles since AD1610 

From Beer et al. (2002) 



Other forcing mechanisms – volcanic forcing 

• A major cause of short-term 

climate forcing 

• Injects large amounts of gases 

(SO2, CO2, H2O, N2) and dust 

into the atmosphere 

• Gives rise to increased 

absorption and scattering of 

solar radiation, cooling the 

lower atmosphere and warming 

the upper atmosphere 

• But, the effects are short lived 

(few years) 

(Beer and van Geel, 2008) 



Greenhouse gases 

Vostok, Antarctica – ice core record of temperature (on ice-age timescale) and carbon dioxide 

(on gas age timescale). Ice and gas timescales are variably offset over the past 450,000 years 

so the two records are not exactly synchronous, even though they are plotted on the same age 

scale (replotted from data in Petit et al., 1999) 



External forcing and internal interaction in the 

climate system 

(Ruddiman, 2001) 



Climate Change 
 

• Sources of 

palaeoclimate data 

(computer-based 

practical)  



Climate Change 
 

• Natural and human-

induced climate change  



Natural and human-induced climate 

change  
 
• Recent CO2 changes within the context of long-

term changes 

• Recent temperature changes within the context of 

long-term changes 

• Natural vs anthropogenic cause of climate change 

is not an either/or 

• Possible anthropogenic delay of the end of the 

present interglacial 

• Scientific consensus 

 



Recent CO2 changes within the context of long-term changes 

 



Recent CO2 changes within the context of long-term changes 

 



Future CO2 changes within the context of long-term changes 

 
Sources 

Blue – Vostok, Antarctica  

Red – Law Dome, Antarctica  

Green – Mauna Loa, Hawaii  

Purple – projections to 2100 

 

Measurements available from Carbon Dioxide Information Analysis Centre 

(http://cdiac.ornl.gov/trends/co2/)  

Projections from IPCC (http://www.ipcc-data.org/ancilliary/tar-isam.txt) 

 



A closer look at future CO2 
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Projected CO2 to 2100 under the different IPCC emission scenarios 



Recent temperature changes – Northern 

Hemisphere 

CRUTEM4   temperature anomalies (relative to 1961 – 1990 mean) 

Data source http://www.metoffice.gov.uk/hadobs/crutem4/data/diagnostics/time-series.html.  

Pale lines are 96% confidence intervals  

 



Recent temperature changes within the 

context of long-term changes 

 

Temperature anomaly relative to 1961-1990 

 



Future temperature changes within the 

context of long-term changes 

 

Future modelled surface warming relative to 1980–1999 for different greenhouse 

gas emission scenarios. Shading = ±1 SD. Orange line is for constant CE 2000 

greenhouse gas concentrations. 
From IPCC 4th Assessment Report (2007) http://www.ipcc.ch/publications_and_data/ar4/wg1/en/figure-spm-

5.html 

 



Natural vs anthropogenic cause of 

climate change is not an either/or 

 

 

Hopefully this is self-evident from the 

preceding discussions! 



Anthropogenic delay to the next glacial? 

• No glacial inception is projected for 

current atmospheric CO2 

concentrations of ~390 ppm 

• model experiments suggest that in the 

current orbital configuration - which is 

characterized by a weak minimum in 

summer insolation - glacial inception 

would require CO2 < preindustrial 

levels of 280 ppmv   

• Past interglacials can be used to draw 

analogies with the present 

• Assuming that ice growth mainly 

responds to insolation and CO2, the 

end of the current interglacial would 

occur within the next 1500 years but 

only if atmospheric CO2 concentrations 

did not exceed ~240 ppm. 

 

Tzedakis et al., 2012 

From Imbrie and Imbrie (1979) 



The scientific consensus 

• That humans are causing 

global warming is the position 

of the Academies of Science 

from 80 countries plus many 

scientific organizations that 

study climate science.  

• More specifically, around 

95% of active climate 

researchers actively 

publishing climate papers 

endorse the consensus 

position.  

http://www.skepticalscience.com 

 



Climate Change 
 

• Q&A and wrap-up 


