
 

 

Climate change processes over the last million years, Glacial-interglacial cycles.   
 
Glacial - Interglacial cycles 
- major periods of glaciation: Early Proterozoic, Late Proterozoic, Permian and Pleistocene 

(present ice ages). On average, partially no ice and roughly warmer than today.  
- In Pliocene (5-3 Ma ago), no Northern hemisphere ice cap and may be ice-free. Warm climate 

so the isotope ratio is negative (not rich O18). But in Quaternary, here were massive glaciations 
and northern hemisphere glaciation, changes between glacial and interglacial stages. Large 
part of North America, Eurasia, and West Europe were covered by ice in Quaternary. Evidences 
of glacial spreading include striated boulders and U-shaped valleys.  

- But under different magnitude of time scales climate pattern varies, need different mechanisms 
to identity climate on Ka, Ma, and longer or shorter time lengths.  

- Temperature- sea level relationships: ice sheets growth in glacial periods leads to reduced sea 
level. Thermal expansion also contributes and counts for almost half of the sea level rise we see 
recently. Melting of the Antarctic ice sheet leads to around 65 m of rise. So, during glacial and 
interglacial the shape of continent is shifting constantly. Geological evidence of past sea level 
includes shorelines changes which were bulky during interglacial periods. Example: quaternary 
shores in the south-east South AU. 

- Influence on global temperature: solar radiation and GHG that traps the energy in the 
atmosphere to increase the temperature on Earth. Without GH effect the Earth surface 
temperature will be -15 Celsius.  

 
Milankovitch theory  
- But more importantly the Earth temperature can be influenced by the amount of solar radiation 

we  get in the first place. Milankovitch discovered orbits if Earth change relate to the sun. 
Orbital variations caused by interaction with sun, moon and planets. Three ways it can change:  

 
• Eccentricity: period ~95000, 125000, 410000 years. Shape of the orbit changes from elliptical 

or circular. Currently the Earth’s perihelion is near middle of south hemisphere summer and 
aphelion is middle of Southern Hemisphere winter, but in period of weak eccentricity.  

 
• Precession: periods ~19000,22000,24000 years. Rotation of the spin axis. Opposite direction 

to the self rotation of Earth. Influenced by planets such as Venus and Jupiter. Determines 
which hemisphere has the greatest annual variation in solar radiation (strongest seasonal 
change), coupled to eccentricity.  

 
• Tilt, Obliquity: maximum tilt 24.5 degree, today 23.5 degree, minimum 22.5 degree from the 

vertical axis. Period ~41000 years. Essentially caused our seasons. The tile effect how strong 
the seasonal changes are. Does not modify the amount of annual solar radiation but modify 
the intensity of the seasons in both hemisphere.  

- higher level of solar energy during warmer periods on Earth. Peaks in glacial cycle in the last 
Ma resembles cycle of eccentricity (this is actually weakest individual forcing).  

- Milankovitch cycles cause variations in incoming solar radiation at specific latitudes (not entire 
globe). Combination of eccentricity and precession help understand large variations in solar 
radiation in a specific hemisphere. Also, these cycles showed that glaciations were related to 
periods of summer north hemisphere solar insolation minima. However, these cycles do not 
explain the full extent of the temperature variations. It is combined with necessary amplification 
of signals or effects Feedbacks are important which enhance or amplify or decay of processes 
of temperature changes. Trigger— flow — amplification or  

 
Feedbacks  



 

 

- Ice-Albedo feedback: increase the reflectivity more energy be released to space and cause 
further cooling. Increase solar radiation reduce ice on the surface therefore reduce the 
reflectivity cause further warming. The energy received from the sun is not changing currently, 
but the Earth is trapping more of the solar radiation through the GHG increasing and reducing 
ice sheets, and this is a positive amplifying feedback we are worrying about today. Seasonal 
variations also contributing to feedbacks, a cooler summer in the north hemisphere can cause 
less melting and a low creation of the ice sheets in winter. But remember feedbacks amplify or 
reduce effects in different places on different time scales.  

 
- GHG feedbacks: ice core records show strong relationship between temperature and CO2. 

About 100 ppm CO2 increase from ice age to interglacial. CO2 has not been above 300 ppm 
for last 1M years. Increase in temperature at high latitudes of about 10 Celsius from ice age to 
interglacial but change is less than 5 Celsius for global average. CO2 and methane 
concentration increase approx. 800 years after temperature increase. Increase in GHG gas 
concentration lead to natural global warming which amplifies temperature response. 
• CO2 outgassing appears after the initial temperature change. CO2 lag temperature in record. 

Increases temperature leads to modification of the C intake/release of the oceans. The 
favoured explanation is that solubility of CO2 is lower in warmer waters so it presents less in 
oceans and more in the atmosphere under a warm climate. Meanwhile the deep ocean 
circulation is very slow, about 800 yeas. Overall CO2 tends to increase after the Earth 
temperature increase by roughly 800 years in the past. This explains the lag. Other 
explanation: fertilisation of the oceans vis increased dust in drier (colder) climates, which 
increases CO2 uptake in oceans.  
• Increase methane production / release in warmer climates due to melting of permafrost.   
• Current GHG level is high due to human activities. Carbon is in the atmosphere, the ocean, 

the crust, in sediments, in vegetation, now also in coal and fossil.  
• The water takes longer time to warm because of its higher specific heat capacity. When the 

ocean is warmer it is less able to store carbon. More CO2 shifted from the ocean to the 
atmosphere and caused further warming. 

 
• In the past, the initial warming can be explained by the M-cycles. A peak in the solar radiation 

on the Ka time scales due orbital variations of the Earth and therefore all the affects of warming 
and positive feedbacks.  

 
Long-term climate regulation — natural C cycle: rock weathering on continents removes CO2 
from atmosphere, releases calcium and carbonate to oceans. In oceans, carbonate is precipitates 
by plankton, then carbonate ooze is deposited on sea floor. When sea floor subduction, this leads 
to volcanism along subduction zones, CO2 is expelled at volcanoes into atmosphere. Subduction 
and volcanism is fairly constant in past few million years, so as the CO2 expelling. If the 
weathering is more efficient (more rains) the more efficient extraction of CO2 from the atmosphere 
and tends to produce cooler climates. If weathering is less efficient, then eventually will make 
Earth warmer. Long term climate change (in Ma) is regulated by natural C cycle.  
 
Without human forcing the natural forcing would expect transition to an ice age in next 30000 -
50000 years. Based on ice core evidence since the end of the last ice age there was only 100 pm 
increase of CO2 and pre-industrial limit is 300 ppm. But anthropogenic emissions have caused a 
similar increase over a much shorter timescale. We are disrupting natural cycles. We do not fully 
understand the impacts yet.  
 
 
The same feedbacks in the climate system act to enhance or reduce the response to different 
forcing factors. Many of these also apply in the case of the human-induced climate changes. Not 
through orbital fluctuation but the increase of GHS. The ocean is less able to store the C, 
reenforcing feedback. A feat that we do not fully understand the ocean’s ability to store C. 



 

 

Warming can cause further warming (ice-albedo and GHG). These feedbacks affects climate 
changes in long term and now we are disrupting the system and make changes in much shorter 
time scale—> the climate is harder to model.  
 
Last million years a transition of glacial / interglacial cycles with approx. 100 000 year period. 
Glacial cycles are strongly coupled to Milankovitch cycles. But orbital cycles do not entirely 
explain temperature cycles and relies on additional feedbacks to amplify signal: ice-albeit and 
GHG feedbacks. Feedbacks can amplify the effect of these orbital changes and also more more 
recent climate changes.  
 
 
 
  


