Earth’s Climate: Past, Present and Future

Fall Term - OLLI West: week 2, 9/23/2014
Paul Belanger
Earth's past climate history

1. Earth’s deep past before the Cambrian (600 MaBP): hot and cold
2. Earth’s past: Cambrian onward: mostly hot-house Earth; 100s

parts per million (ppm)

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

4. More recent past: 180-280 part per million; how do we know -
empirical data. Preview of next week’s field trip

5. Today: 400 ppm and growing 2-3ppm/year
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e Video |l showed at end of week 1 class — what is climate:

You tube link: https://www.youtube.com/watch?v=bjwmrg ZVw

e Video | didn’t show — /don’t have time — see syllabus:

The climate system, feedbacks, cycles and self-regulation 1.6

https://www.futurelearn.com/courses/climate-change-challenges-
and-solutions/steps/3294/progress (7 mins)

an alternate: https://www.youtube.com/watch?v=IrPS2HiYVp8
What factors determine Earth’s climate:

See IPCC-AR5 (2013-2014) tab on my web page:

And this link from AR4 (2007) http://denverclimatestudygroup.com/?page id=63
http://www.ipcc.ch/publications_and_data/ar4/wgl/en/fag-1-1.html




climate system - the inter-relationship and feedback of:
e Atmosphere
e Hydrosphere
e Biosphere
 Cryosphere
e Lithosphere (weathering reduces CO2; volcanism increases it)
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Earth’s past climate

. Earth’s deep past before the Cambrian (600 MaBP): hot
and cold

. Earth’s past: Cambrian onward: mostly hot-house

Earth; 100s parts per million (ppm)

. Climate trend in the Cenozoic — the last 65 million years;
proxy data from 3600ppm to <200 ppm.

. More recent past: 180-280 part per million; how do we
know — empirical data. Preview of next week’s field trip
. Today: 400 ppm and growing



Earth’s past climate

Earth’s deep past and early atmosphere before the

Cambrian (600 MaBP): hot and cold

e Earth self regulates 2.1 -2.3 Tim Lenton video — 9 minute
overview

e Article Link: BBC Nature
http://www.bbc.co.uk/nature/ancient earth/Snowball Eart
h

 You Tube — leaving for you to watch on your own:
https://www.youtube.com/results?search guery=snow+bal
|[+earth — various links




Earth’s past climate

2. Earth’s past: Cambrian onward: mostly hot-house
Earth; 100s parts per million (ppm)



Phanerozoic Climate Change
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Climate Changes from Ocean Sediment Cores, since 5
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When CO, levels get below ~400-600 ppm Orbital parameters
become more important than CO,



Earth’s past climate

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



Scientific History of Climate change — PROXY DATA




Alternating Greenhouse Earth / Ice-house Earth
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Cenozoic Deep Sea Climate Record
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Antarctic ice sheet
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Long-term Carbon Cycle: rocks

Two generalized reactions...

Photosynthesis/Respiration
CO, +H,0 & CH,O + O,

Weathering/Precipitation
CO, + CaSIO,; « CaCO, + SIO,



Long-term carbon cycle: rocks

Conversion of CO2 to dissolved HCOz3- by Volcanic
Ca-Mg silicate weathering CO»

CO9 from sedimentary organic C weathering
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Global Deep Ocean Temperature
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Global Deep Ocean Temperature
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Earth’s past climate

4. More recent past: 180-280 part per million; how do we
know — empirical data. Preview of next week’s field trip
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proxy data from ppm to < ppm.
4. More recent past: 180-280 part per million; how do we

know — empirical data. Preview of next week’s field trip
5. Today: 400 ppm and growing
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Rohling, et al., (PALAESENS Project mbrs), 2012









Global Deep Ocean Temperature

1 1 1
12 Antarctic Ice Sheet
) N. Hemisphere Ice Sheets
¢ 8E
= ¥
= ollides
= with Eurasia
5 4
=1
=
1>
=
0 1
: : Glacmtloln :
60 50 40 30 20
Time (Million Years Before Present)
= F’I-'sl | . Eo ceaae . | :C:lifg. I : Miocems% [Pili—=.]
R o

TF R v e O Ml S Emaes



(D.) 1V 1uajeanby
uea2(Q Jejod
i) =
T T © @ %

Wikipedia

40

65 Million Years
of Climate Change

.F.I B =
uonee|g eIy =

30
Millions of Years Ago

Pupmey| e

JNPUBIUY =

20

' i

£ (D.) LV 010N
- Juajeainby
:o_pm_um_mmml@mﬂ_ ———

u_uuh_ﬂ__._dq dm "

sa|2A] |eppe|o pidey _

O +~ o © < 0

(Hwiad) O, @ d1yausg

7
()]
Q.
@)
.
@)
)]
()]
O
M
-
7
M
-
M
[®)
>
X
@)
-
al







- - - gy ..

iy
o

-
t
1w s O
CaCO, (W) -
100 S0 O

CaCO, {wl)









Bighorn Basin

I PETM interval in
fluvial deposits with
excellent alluvial
paleosols - seen as




Paleosol Density

Pre-PETM
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FROM CSI TO GSI:
GEOLOGICAL SAMPLE
INVESTIGATION

LET THE EVIDENCE speak

FOR ITSELF
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WE CALLTHIS —
EVIDENCE

“PROXY"” DATA




SOME OF THE EARLIEST PROXY DATA
WAS FROM TERRESTRIAL DEPOSITS

Strandlines/shorelines
Moraines

Till

Kettle lakes, etc.

We may know what
caused these today,
but Imagine back
then?




IT'S THE INTERPRETATION THAT'S NOT
ALWAYS CORRECT

Darwin observed ancient Alpine shorelines:
interpreted as ocean shoreline

Agassiz - later correctly interpreted as ice-
dammed lake-shore strandlines/shoreline




Louis Agassiz

Jean Louis R.
Agassiz

“Father” of
Glaciology

1807-1873

Louis A gassis

Born May 28, 1807 Pa Ieontoloist

Haut-Vully, Switzerland

Died December 14, 1873 (aged 66) G I aCIOIOISt

Cambridge, Massachusetts

Fields Palecntology, Glaciology, Geology, Natural History

Alma mater University of Erlangen-Nuremberg




Photographic proxy data/evidence

Ruddiman, 2008




EARLY
PROXY DATA:
TREE RINGS




Pollen & Lake core data
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POLLEN DATA
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Tree rings, corals, ice cores

Ruddiman, 2008




PROXY DATA:
ICE CORES




TERRESTRIAL DATA

North American: European:
Wisconsin Wurm

lllinolan RISS
Kansan Mindel
Nebraskan Gunz




LATER EVIDENCE CAME FROM
THE MARINE RECORD

TWITHOUT IT'S PROBLEMS,
" MORE COMPLETE




Cesare
Emilani:

Paleontologist,
Chemist

Father of
Lniversity of Chicago (Photo from the Archives of P a I e O C e a n O g ra p h y

the Rosenstiel School of Marine and Atmospheric

Science, University of hMiami).

Cesare Emiliani in the early 1350= when he

was daing his pioneering research at the




Other Paleoceanographers

Wally Broecker
Thermal-haline
“conveyor” belt of circulation




Other Paleoceanographers

Bill Ruddiman

-rf.- '
?

Nick Shackleton




Other Paleoceanographers

Joh N | mbrie. CLIMAP: The Last Glacial Maximum

CLIMAP

ICE AGES

11 VING THE MYSTERY

John Imbrie and
Katherine Palmer Imbrie




PROXY DATA:
CORE DATA




PROXY DATA:
BENTHIC
FORAMS
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Deep Sea Coring

Ruddiman, 2008



