Earth’s Climate: Past, Present and Future;
Concerns and Solutions

Week 2: Wednesday April 6, 2016
Paul Belanger

Earth's past climate history and what
caused those changes

. 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 2-3ppm/year
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Where is global warming going?
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John Cook, from |GPP 2007 data; ~93% to oceans continues (NOAA/NODC, 2012)



Change In heat content, 1958-2011
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(NOAA 2012 data, Nuccitelli et al. 2012 plot)



How "Skeptics" View Global Warming
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Averaage Monthly Arctic Sea Ice Extent
Average Monthly Arctic Sea |ce Extent 31 3

November 1878 - 2015
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14: HOW FAST IS SEA LEVEL
RISING?

| Global Mean Sea Level Change
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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 analysesin satellite era (http://mawww.columbia.edu/~mhs119/Seal evel/).



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.

Shifting Distribution of Summer Temperature Anomalies
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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 anomaliesin 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. <ci., 2012.



Tricky question related to gas laws

* TOA—-TOP OF ATMOSPHERE

e Which is denser: 2 = ROOMS, BOTH SAME
TEMP.
A. 100% HUMIDITY
B. 20% HUMIDITY

e El Nino/La Nina map and world temperatures



Explanation

GAS LAWS

— N, (78%), atomic mass 14 (7p/7n) x 2 = 28

— 0, (21%), atomic mass 16 (8p/8n) x2 = 32

— H,O (varies <1%),H—1px2=2+16=18

Water vapor mixed in air makes it LESS DENSE

Why rain associated with LOW pressure

Joule (ISU), calorie, BTU

— Takes 80 cal to meltice; 1 cal (4.2J)/ °C; 540 c to
steam
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Past Earth History Objectives:

. Present you with the geologic evidence; Earth’s
past

. Educate / That the science is sound

. Understand the denial movement and how to

counter it
. Motivate you
. Give you hope / look at potential game changers
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Years Decades Multi-millennia

e
Clouds, water vapour,

Biological evolut F
of vegetation :

Rohling, et al., (PALAESENS Project mbrs), 2012



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 1 of 2

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 and BBC article:
http://www.bbc.co.uk/nature/ancient earth/Snowball
Earth
 Nat geographic — not terribly good — but at 2:30
describe dropstones - evidence
e https://www.youtube.com/watch?v=mX3pHD7NH58 but
at Better description of cause:
http://www.sciencechannel.com/tv-shows/how-the-
universe-works/videos/snowball-earth/




Earth’s past climate 2 of 2

Earth’s deep past and early atmosphere before the

Cambrian (600 MaBP): hot and cold

e 48 minutes
https://www.youtube.com/watch?v=YOLbE8frMrM

o WIKI: https://en.wikipedia.org/wiki/Snowball Earth

e Article Link: BBC Nature --- video is not currently working
9/20/2015 and 4/5/16 at
http://www.bbc.co.uk/nature/ancient earth/Snowball Earth
but here’s a link about the video including a link to the
transcript:
http://www.bbc.co.uk/science/horizon/2000/snowballearth.
shtml

e You Tube — leaving for you to watch on your own:
https://www.youtube.com/results?search query=snow+ball
+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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Alternating Greenhouse Earth / Ice-house Earth
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Cenozoic Deep Sea Climate Record
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Cenozoic Deep Sea Climate Record
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Correlation of
CO, and temperature
over last 65
million years

Beerling and Royer, Nature 2011
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Global Deep Ocean Temperature
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Climate Changes from Ocean Sediment Cores, since 5
Ma. Milankovitch Cycles

When CO, levels get below ~400-600 ppm Orbital parameters
become more important than CO,

o [ T T T 41K T |I 100 KI |
= qu'-.l j If|'|' l . 1] * .' 'f { i . . .
o g 2.5 ----b RN L 2Ly r - I"“""-“"‘ IL’TIIL*L“']".FIHW"". """" J"'I"l'l """" Fr=-F7
F== ' 1) O il --|:||| i |
s ° Five Million Years of 1 ﬁ-, IE '|' I ‘.J‘ﬂh il -'u 1 lﬁll |
D 5 98 Climate Change U q\ﬁ] |||||,‘| ’n' 1| N (AR
- 9 .
s * From Sediment Cores ) -,I.u_ '\‘\ “ I‘nﬁT
4.5 |
1 1 1 1 1 | h ! !
5.0Ma 4.0Ma 3.0Ma 2.0Ma 1.0Ma 0







CH, (pp.b.v.) CO, (p.p.m.v.)

Insolation J 65°N

Depth (m)

C02:

377ppm
3.300 3.200 3.000 2,750 2,500 2.000 1.500 1.000 500 0 { in2004
T T T T r T T T T 400ppm in
201
280 AL
260 '1755ppb
in 2004
240
220 — .
200 — g
i ©
=
P ©
' g
700k
) : &
600
500
400
P y &
- o
100 [ / -
50
0
-50 L R IR TR I SN, ) TN NN Y Sl S GRS NS TSR A B S i) | W O oW (R PR
400,000 350,000 300,000 250,000 200,000 150,000 100,000 50,000 0

Age (yr BP)

http://www.antarcticglaciers.org/climate-change/




Rain -E’:h‘%ﬁi .

(heavier isotopes condense)

Evaporation
(lighter isotopes evaporate)

i

Evapotranspiration
-7 %00

How Rain, snow and ice gets progressively lighter in the ratio

R

Preci;ﬁeﬁi

M 18 %o

on

neutrons
referred to as
06, The rarer
stable isotope
of oxygen has
2 extra
neutrons and
is referred to
as 018




How Rain, snow and ice gets progressively lighter in the ratio
of 0O18/01®

http://atoc.colorado.edu/~dcn/SWING/overview.php



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




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 HCO3- by Volcanic
Ca-Mg silicate weathering CO»

CO2 from sedimentary organic C weathering

Y caco 7777
3
a3 //]// copand CHy from

Metamorphism &
l // / / Deep Diagenesis
/)

=g

COy Subduction
of CaCOxg
& Organic C

Org C
Burial

4 Ny
i i £

Berner, 2001



Global Deep Ocean Temperature
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50 million years ago (50 MYA) Earth was ice-free.

Atmospheric CO, amount was of the order of 1000 ppm 50 MYA.

Atmospheric CO, imbalance due to plate tectonics ~ 10 ppm per year.
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So — what changed?

Volcanism decreased; some
slowing of spreading rates: less
CO, emitted by volcanoes

Weathering/Precipitation
Increased; India colliding Into
Asla/Himalayans



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



Climate Changes from Ocean Sediment Cores, since 5
Ma. Milankovitch Cycles

When CO, levels get below ~400-600 ppm Orbital parameters
become more important than CO,
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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
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Bighorn Basin

I PETM interval
in fluvial deposits
with excellent
alluvial paleosols




Paleosol Density

Pre-PETM




Mean Temperature Jan to Dec
1938

—-10F OF 10F 20F 30F 40F 30F 60F 7OF

Nidan—CRES /CHmate IMagnoetles Ceantee












SOME OF THE EARLIEST PROXY DATA
WAS FROM TERRESTRIAL DEPOSITS

e Strandlines/shorelines




Darwin observed ancient Alpine shorelines:
interpreted as ocean shoreline

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




Louis Agassiz

e Jean Louis R.
Agassiz

e “Father” of
Glaciology

Louis A gassiz
Born May 28, 1807
Haut-Vully, Switzerland
Died December 14, 1873 (aged 66)
Cambridge, Massachusetts
Fields Paleontology, Glaciology, Geology, Natural History

Alma mater University of Erlangen-Nuremberg










Pollen & Lake core data










Tree rings, corals, ice cores

Tree ring_'_r-
® Corals
® lce cores







TERRESTRIAL DATA

North American: European:
Wisconsin Wurm

lllinolan RiISS

Kansan Mindel
Gunz




LATER EVIDENCE CAME FROM
THE MARINE RECORD

- WITHOUT IT'S PROBLEMS,
- MORE COMPLETE




Cezare Emiliani in the early 19502 when he (i)
was daing hiz pioneering rezearch at the
University of Chicago (Photo from the Archives of
the Rosenstiel School of Marine and Atmospheric
=cience, University of Miami).









CLIMAP: The Last Glacial Maximum

ICE AGES

SOLVING THE MYSTERY
lohn Imbrie and

Katherine Palmer Imbrie
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Deep Sea Coring
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Correlation of
CO, and temperature
over last 65
million years

Beerling and Royer, Nature 2011
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e Arctic Sea 50 million years ago




ACEX Azolla

* >8 meter ACEX core with 90% Azolla
» Azolla occurs as laminated layers

e indicates Azolla deposited in situ

 bottom-water anoxiaat ACEX site

Bujak, pers. Comm.




UNPRECEDENTED DROP IN CO,
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can this be used to predict the effect of

future increases in CO2 ? p CO2 (ppm)
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climate models
indicate that full
Antarctic glaciation
cannot occur unless
CO2 ppm is less than

1000 ppm




