Lecture 14-20: the Atmosphere and Oceans

1. The atmosphere
2. Planetary habitability

A. Mysterious water
3. The temperature of the Earth
4. A faint young Sun

A. The necessity of a negative feedback
5. The (long-term) Carbon cycle
6. Changing climate
/. Stable isotopes
8. Cenozoic Climate
9. Pleistocene Climate

We acknowledge and respect the Iek”@el]en peoples on whose traditional territory the university stands and the Songhees, Esquimalt and WSANEE peoples whose
historical relationships with the land continue to this day.
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The atmosphere
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Where does our water come from?
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What sets the temperature of the Earth?

&5 and g\uv\e*_?.

. 1A Comin g CAdiation

NEENIoY heak o ( vadipaciive o\cm«\\

A
&

& S‘—(t.a\ut AC.‘%

°

4peeX v

AL

g 271 xos W= A

>

how o d enem de¢3 CEark¥lh  See,

_-%m\u:\'m\ oY Cadw's

° a
W(

So= 137 Wt For farth



6000 K

Energy emitted ———>

Infrared

Ultraviole
Visible

| | T
1.0 20 25 30
Wavelength (um)

o
i-\ad
an

24,000 K

12,000 K

Energy emitted

0.2 0.4 0.6 0.8 1.0 1.2
Wavelength (pum)



Calculating the 'emission' temperature of Earth

. aeeming radiation
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A faint young Sun and possible solutions
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The silicate weathering feedback
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Feedbacks
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The long term carbon cycle (conceptual)
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The long term carbon cycle (a model)
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How does climate change?
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How do we measure past climate change?
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Stable isotopes: notation
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Stable isotopes: equilibrium and zero point energy
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Stable isotopes: equilibrium example
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(not drawn to scale)
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Stable isotopes: oxygen isotopes in the ocean
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4.0 == Ridge-production rate from
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Temperature (°C)

35 - 12 T LN I N N I B N B N R
LN -] & -
B = N b -

30 — 10— _ Shackleton _
- = - [1974] -
= - - "\ :

25 '-— —: o 8 __ -‘-“ / _-
C - g.) - N Erez and Luz -

20 - — - [1983] =
= - - \ -
— _ 6 "-‘ \ —_—

15 3 g ) 2N .
B - Ho4C “FN  Kimand O'Neil
B 1 R .\ 19977  —

10 = g [ g 8 2
2 1 5 C Eq. (1) 3

sF ] = 2 - =
3 o _  Benthic N :
[} C_ _- U -—' o Lﬁrfgmu : -." \ \ —
= E B B Cibicidoides “'-.“ N -

-5 = - 2 I T ]‘"‘:i‘ | \'I ]

4 3 2 -1 0 1 2 3 4 5 0.5 L5 2.5 3.5 4.5
80 - 8°0_ (%) 80 - 8°0_ (%o)

from Bemis et al., 1998



5180 (%o)

N

N
o

W

W
o

P

-
o

5 .

5.5

;T i - ]

LR0O4 Bethic Stack

, Holocenne

"

o u
wny -~ mﬂﬁﬁ
| ‘ | !

~
'~°°°3:—|:—|
Brunhes

21

1 _________ S, e —

o~
o~

Pleistocene > | «
g

!

S

I‘I 5
2 .
o O

55
63
75
81
91

I~
=

i
Id 1]
iy
i
“
3

Modern 680 (%) = 3.25

r

i 'rﬁ

i

Intensification of Northern

Hemilsphere Glaclatlon
| Cooler World
MPT ‘ ‘
L o A
M M m LN [+4] (a3} —
Matuyama

0

250

500

W
K3

750

1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4000 4250 4500 4750 5000 5250 5500

Reference:
Ye'a rS ( Ka) Lisieck, LE.. & Raymo, M.E. (2003]. A Fiiocene-Pleistocene stack of 37 globaily distriouted benthic 5180 records. Falesosanography 20, PALD0S, 00i:10.1025/ 2004 FADOLOTL.

Foster mocifisd by Michsel Ssndstrom, September 12, 2044

from Lisiecki and Raymo, 2004



Benthic §180 %o

2.5

3.0

35

4.0

4.5

5.0

65

Isotopic record of global ice volume and deep ocean temperature
1 1 1 1

0.0

1 1 I I
0.1 0.2 0.3 04
Millions of years ago

0.5









Barbados












