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Earth's past climate history and what 
caused those changes

1. 4,500 to 600 million yearsΥ 9ŀǊǘƘΩǎ ŘŜŜǇ Ǉŀǎǘ ōŜŦƻǊŜ ǘƘŜ /ŀƳōǊƛŀƴ 
(600 MaBP): hot and cold

2. 600 to 65 million years: mostly hot-house Earth;100s parts per 
million (ppm)

3. 65 million to 1 million years: long continuous drop with notable 
exceptions; CO2 levels were possibly as high as 3600 ppm to 
recent times as low as 200 ppm.

4. 1 million to present: 180-280 part per million from ice core data
5. Today: 412 ppm and growing ~3ppm/year



But first

ÅFinishing slides from last week; slide # 58 
onward in a cursory fashion

ÅIf you have further questions please email me, 
raise your hand, etc.

ÅTo do that I have to review this slide next:





IPCC, 2007Incoming Solar irradiance: 342 W/m2

GLOBAL WARMING CONCERNS

http://upload.wikimedia.org/wikipedia/commons/b/bb/Radiative-forcings.svg


How GHGs Blanket the Earth

Blanket Earth:

ÅNASA ςGlobal Climate Change Cause: 
http://climate.nasa.gov/causes/

Denial 101x - Video includes First handout Global 
warming:

Åhttps://www.youtube.com/watch?v=aqkGoCglp_U&fea
ture=youtu.be

Denial 101x - Second handout ςIncreasing Greenhouse 
Effect:

Åhttps://www.youtube.com/watch?v=we8VXwa83FQ

http://climate.nasa.gov/causes/
https://www.youtube.com/watch?v=aqkGoCglp_U&feature=youtu.be
https://www.youtube.com/watch?v=we8VXwa83FQ


Increasing GHGs 1 of 3
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Increasing GHGs 3 of 3



5: SURFACE TO STRATOSPHERE CHANGES



3: EMISSIONS FROM HUMAN ACTIVITIES 
LARGELY TO BLAME

Å40% increase in CO2

ÅDead carbon altering atmospheric C14

ÅThat Carbon is more negative/enriched in C12



John Cook, from IGPP 2007 data; ~93% to oceans continues (NOAA/NODC, 2012)

Melting ice 

absorbs ~2% 

Only ~2% stays 

in atmosphere

~2% warms 

the land
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14: HOW FAST IS SEA LEVEL 
RISING?

Blue: Sea level change from tide-gauge data (Church J.A. and White N.J., Geophys. Res. Lett. 2006; 33: L01602)

Red: Univ. Colorado sea level analyses in satellite era (http://www.columbia.edu/~mhs119/SeaLevel/).



Frequency of occurrence (vertical axis) of local June-July-August temperature anomalies 

(relative to 1951-1980 mean) for Northern Hemisphere land in units of local standard 

deviation (horizontal axis). Temperature anomalies in the period 1951-1980 match closely the 

normal distribution ("bell curve", shown in green), which is used to define cold (blue), typical 

(white) and hot (red) seasons, each with probability 33.3%. The distribution of anomalies has 

shifted to the right as a consequence of the global warming of the past three decades such that 

cool summers now cover only half of one side of a six-sided die, white covers one side, red 

covers four sides, and an extremely hot (red-brown) anomaly covers half of one side. 

Source: Hansen, J., Sato, M., and Ruedy, R., Proc. Natl. Acad. Sci., 2012.

Loaded Climate Dice: global warming is increasing extreme weather events.

Extreme summer heat anomalies now cover about 10% of land area, up from 0.2%. 

This is based on observations, not models. 



Resume week 2



Past Earth History Objectives:

1. tǊŜǎŜƴǘ ȅƻǳ ǿƛǘƘ ǘƘŜ ƎŜƻƭƻƎƛŎ ŜǾƛŘŜƴŎŜΤ 9ŀǊǘƘΩǎ 
past

2. Educate / That the science is sound

3. Understand the denial movement and how to 
counter it

4. Motivate you

5. Give you hope / look at potential game changers



- SO ï

WHAT CONTROLS 

CLIMATE



Gerhard et al., 2001

IMPACT LESSMORE

Just a few 
years

Billions of 
years



Rohling, et al., (PALAESENS Project mbrs), 2012
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1. 4,500 to 600 million yearsΥ 9ŀǊǘƘΩǎ ŘŜŜǇ Ǉŀǎǘ ōŜŦƻǊŜ ǘƘŜ 
Cambrian (600 MaBP): hot and cold

2. 600 million to 65 million years : mostly hot-house 
Earth; 100s parts per million (ppm)

3. 65 to 1 million years:Climate trend in the Cenozoic ςthe 
last 65 million years;proxy data from 3600ppm to <200 
ppm.

4. Last Million years: 180-280 ppm; how do we know ς
empirical data ςice core data

5. Today (last 100 years): 40% increase to 412 ppm and 
growing

9ŀǊǘƘΩǎ Ǉŀǎǘ ŎƭƛƳŀǘŜ ςCO2 Levels



9ŀǊǘƘΩǎ ŘŜŜǇ Ǉŀǎǘ  hot and cold
ÅScientific American article ςsee your email

Åhttps://www.youtube.com/watch?v=mX3pHD7NH58but 
at Better description of cause: 
http://www.sciencechannel.com/tv-shows/how-the-
universe-works/videos/snowball-earth/
Å3-4 minutes each

9ŀǊǘƘΩǎ Ǉŀǎǘ ŎƭƛƳŀǘŜ м ƻŦ н


