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Part 1. Background Information



The Last Glacial Maximum time scale



The most recent MIS Stages:-



Oxygen isotope ratios to interpret past climates

The isotopes concerned are 16O and 18O (18O only 0.2 %)

During times of cold climate the oceans become 
isotopically heavy as 16O is lighter and more easily 

evaporated and becomes trapped in land ice via 
precipitation

This is measured from Foraminafera shells obtained from 
deep ocean cores. The O is abstracted from seawater.

The opposite effect is displayed in glacier and 
icecap ice also from core samples

The above have all been combined in OI curves 
worldwide with the cold periods given even numbers and 
warm odd. 1 being the Holocene as seen in the previous 

slides.



A comparison of OI ratios and the Milankovitch
Cycles (ETP = eccentricity/tilt/precession) 

(Lowe & Walker 1997)



Criteria used to interpret Holocene similar to 
the Pleistocene

The Blytt – Semander system, named after the two Danish 
scientists that devised it at the turn of the 19th – 20th

century using pollen analysis from peat bogs







The modern international system





The publicising of the rise in greenhouse 
gases in the atmosphere

The famous lecture by Al Gore in 2006 An 
Inconvenient Truth

The hockey stick graph produced by Mann et 
al in 1998 and featured in the IPPC report in 

2001

The Little Ice Age played down by Mann 
by his methods of statistical analysis









CO2 levels derived from Greenland ice cores



Over a longer period than the previous slide





Projected Milankovitch cycles 



Variations in historical times



Part 2

A bit of climatology



The idealised cells of the earths climate 
system.



The vertical component of previous 
slide



The Rossby waves and jet streams



Different manifestations of the high 
altitude polar vortex





The North Atlantic Oscillation





A negative NAO i.e. a smaller difference in 
pressure between Iceland and the Azores 

gives Europe more E and N winds and colder 
temperatures and less Atlantic storms

A positive NAO gives a larger pressure 
difference and results in wetter and stormier 

weather in Europe

Jet Stream or cell mixing zone moved 
north or south

Imperial College say NAO is 
unpredictable Met Office say it is.



Positive NAO





Negative NAO





The structure of a depression



Causes of the NAO variability, and is 
it weather or climate?

Seems to have had a decadal cycle up to the 
1970s

Positive NAOs seem to have predominated in the 
last 25 years, unprecedented in the above studies

Could this be more of an indicator of an overall 
warming trend?



Some theories on the causes of 
climatic changes in the past apart

from CO2 levels

Part 3



The role of sunspots in climate variation?





Sunspot activity reduces the effect of Cosmic Rays. 
Cosmic Rays mostly originate outside the solar 
system and are composed of protons and other 

atomic nuclei i.e. particles.

Both proxy sunspot data (derived from Be10 
and C14) and more recent observed data 

seem to correlate minimums to cold periods 
in the earth’s climate 

Sunspot activity cause increase in the sun’s 
magnetic field and particle emmisions.

One postulated effect of unrestrained cosmic 
rays is to increase precipitation nuclei but a 

proven mechanism remains elusive



10Berlium and 26Alluminium are used to date when the 
land surface became exposed



Recent data on the 11 year sunspot cycles 
(Sunspot numbers relative to cosmic ray neutron count 

shows inverse relationship)



Part 4

The CO2 question and 
human influence



The CO2 question and it’s attribution

CO2 from fossil fuel combustion can be identified 
as a proportion of the total by the reduced 

isotopic 13C content (n.b. no 14C as this has decayed)

And as a downward trend in the proportion 
/ amount of 13C to 12C in the atmosphere

There are 3 main isotopes of carbon: 12C, 13C and 14C 
(14C is created in the upper atmosphere from nitrogen)

Plants prefer 12C to the heavier 13C so their 
content is different to the proportion normally 

in the atmosphere

Economic analysis is also used to estimate 
anthropogenic CO2 emmisions

By satellite CO2 correlates with NO2 as a current 
product of combustion





The question of the time lag of CO2 after a 
temperature rise. Green CO2. Blue sea temp. 

Red air temp.



Continued from previous slide



Some data from the IPCC, the radiative
forcing of the main greenhouse gases (i.e. the 

warming effect they are having).







Past rates of sea level change



Glacial retreat 1970s



2015



Quotes from the IPCC report 2013





Graph showing the 8000 year BP cooling 
postulated as caused by cut off of NADW



The danger of cutting off the NADW circulation

There is evidence of slowing of the Gulf 
Stream not seen for 1600 years

The mechanism is the introduction of 
freshwater from melting Greenland and 

Scandinavian glaciers and northern rivers not 
freezing as they used to do

The rate of slowing is not as fast as that 
causing the Younger Dryas so will probably 

not cause a similar event

There is a danger that the warmer water will 
cause the release of frozen methane on the 

Siberian Shelf 



Comments
Under the most optimistic scenarios 

atmospheric CO2 concentrations will still 
exceed 300ppm until the year 3000.

The earlier slide showing the 8000 year BP 
cooling event postulated on the interruption of 

the NADW circulation by freshwater from melting 
ice flowing into northern waters. Could this 
happen again? e.g. Greenland ice collapse

Water vapour the largest and best of the 
greenhouse gases classed as a feedback effect

Is the larger concentration of CO2 a cause or an 
effect as argued by climate change deniers? 

n.b. Warmer oceans hold less gas.



Aspects from the IPCC 2018 report
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The End




