Orbital Theory: Trigger and Feedback

Mechanism
Ice-albedo feedback
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Growth of continental

Planetary albedo ice sheets

Trigger (change in insolation) with feedback causes ice-sheets...

to grow and keep growing
or
to melt and keep melting

- Other feedbacks are needed to explain the magnitude of the changes.
- Greenhouse gases (e.g. CO, and CH,) seem to be involved.
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Ice Albedo Feedback

¢ Probably important for the climate changes in the northern
hemisphere during ice age cycles

— Ice sheets that extend far south into the northern UW reflect significant
sunlight (change the planetary albedo from 0.30 today to 0.32 at the LGM)

e Contrary to popular
belief, ice-albedo
feedback is not important
for for understanding
how climate will change
over the next millennium
due to increasing
greenhouse gases

Orbital Variations and Insolation
Obliquity or Tilt .
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e Tilt of axis of rotation varies S
from22.5°and 24.5° 0.0) e

— Dominant period of 41 kyr One
. . . . 41,000-year
e Variations in tilt angle modulate cycle

seasonality, especially in high
latitudes
— North-south insolation gradient

— Winter & summer insolation
anticorrelated (good for
Milankovitch’ s theory)

— Impacts annual mean insolation at
a given latitude
e Variations in tilt angle have no
impact on global average
insolation
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Orbital Variations and Insolation
Eccentricity
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Orbital Variations and Insolation
Tropics vs. High latitudes
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Orbital Variations and Insolation:

Precession

Precession of Equinoxes is
due to:

— Wobble of Earth’ s axis of
rotation around a line

perpendicular to the Earth-Sun

plane (21-26kyr)
— Precession of the ellipse in
absolute space
Affects which calendar day
the Earth is closest/farthest
from the Sun
Modulates amplitude of
seasonality at all latitudes,
especially in the tropics

No effect on the annual mean

insulation (anywhere)
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Orbital Variations and Insolation:

Phasing of Hemispheric Insolation

Tilt changes causes
changes in summer
insolation that are in
phase between the
hemispheres. Ditto for
winter.

Precession changes
causes changes in
summer insolation that
are out of phase between
hemispheres. Ditto for
winter
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Summary: orbital changes on insolation

e Amplitude of the seasonal cycle of TOA insolation:
— For reference, today the seasonal cycle is +/- 150Wm2 in the midlatitudes,
and +/-15 Wm 2 in the tropics
— The net effect of orbital changes on seasonal insolation is ~ +/- 30 Wm 2 in
the midlatitudes and in the tropics.
— Precession (23kyr) dominates in the tropics; Precession and tilt (41kyr)
affect the high latitudes.

¢ Within a hemisphere: tilt and precession cause insolation
changes in summer that are out of phase with those in
winter (double whammy on ice volume).

Hemispher

roneity:

changes in summer insolation that are in phase between hemispheres. Ditto for winter

on causes changes in summer insolation that are out of phase between hemispheres. Ditto for winter.

¢ Only eccentricity can change the global, annual average
insolation (by about .18%, or 5 Wm -2) .
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Tool: Correlation Coefficient (r)...
a measure of the goodness of a linear fit between two variables

The ice volume time series
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Ice Sheet Growth versus High Latitude Solar

Ice Sheet Growth versus High Latitude Solar
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* maximum correlation of -0.4
with a 6 kyr lag of ice volume behind insolation
(e.g., low insolation is followed by increased ice)

* Rate of change of ice volume is more directly related to
high latitude NH summer insolation:

« more ~100 kyr variability in ice volume than in insolation Correlation of -0.8 (at zero lag)

Roe 2005 Roe 2005



Rate of change of ice volume

* Rate of change of ice volume more directly related to high
latitude insolation
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» Major difference is large negative rates
of ice change during major deglaciations

Surface Air Temperature: LGM minus

TABLE 2. Annually averaged surface air temperature difference (K) |
One
CI i mate Southern
obal Hemisphere Hemispiy
MOdeI Land and ocean 40 59 21
. Land only X g 34
Broccoli 2000 Ocean only 21 41 18
@emis @
Total (simlllaleMﬁ.S -23
seco nd Topography and
. surface albedo (simulated) — 3.0 -50 -11
Climate 0, (estimated) — 14 — 1.6 -12
Insolation (simulated) — 0.1 0.1 -02
Model

Total of ows 2, 3,4 ‘45 —65 —25

Hewitt & Mitchell 1997

What do climate models say?

¢ Run a climate model (more later) using modern day

forcing:
— 360 ppm CO,, today’s insolation, today’s land ice distribution, etc.

¢ Run a climate model using forcing associated with the Last

Glacial Maximum (about 23 kyr ago):

— 200 ppm CO,, insolation and land ice distribution for 23kyr BP,
etc.

¢ Take the difference (annual averaged over many years)

Ice Age Cycles: Some big solved problems

Current climate is not the only possible one for Earth
— indeed, glacial conditions seem to be preferred for the past 3Myr

The ice Age Cycles wax and wane due to changes in the way
the Earth Orbits the sun

— Global climate and CO, are intimately intertwined, but CO, is acting as a
feedback and not the driver of ice age cycles

A change in global-mean surface temperature of about 4-5C is
a massive climate shift

If the orbital parameter theory is right, small triggers can
produce major climate changes under some conditions
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The Ice Age Cycles:
Some big unsolved questions

e Why is CO, so highly correlated with ice volume?

Continental Ice Volume*

ighatan

Modern  «3sdf’

m * Inter
Sea Level V““J Glacial
T
s H
s 30
55
Em a8 .amp
meters| =3
ga i
o
8 *Iophd ' Glacial
— — moo o | oo se g z
. ) I3
Glacial s 5o sl e o s S0 R H
0. 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Sea Level
~105 ¥rs Age (Myr)

*Oxygen Isotope composition of benthic organisms
preserved in ocean sediment cores

Abrupt Climate Change during the Last
Glacial Period

During Glacial stages, the climate system featured large
rapid rearrangements.

Dansgaard/Oeschger (D/0O) events show:
Greenland Temperature
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— Rapid onset of warming at Greenland ( 10 Kin < 30 years!)
— Long-lived (~ 200 - 600 years) warm period, followed by
slow decline back to cold conditions
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The Ice Age Cycles:
Some big unsolved questions

e Why is CO, so highly correlated with ice volume?
— Simple but incomplete answer: colder water can “hold” more CO,

¢ Are changes in CO, important for the ice ages?
— They provide a weak positive feedback in the NH

— What about the SH? Temperature at Vostok is ~ in sync with
NH ice volume. But is ice volume in the southern hemisphere
correlated with ice volume in the northern hemisphere
throughout the ice ages?

¢ What causes the major deglaciations?
— Much more ice is lost in the terminations of an ice age than
would be expected by simple increases in summer
insolation.

THE FOLLOWING PREVIEW HAS BEEN APPROVED FOR
ALL AUDIENCES
BY THE MOTION PICTURE ASSOCIATION OF AMERICA

http://lwww.youtube.com/watch?v=SnvqsWVIuCE
- . st



Abrupt Climate Change during the Last

Glacial Period
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¢ Very likely due to changes in the
atmosphere and ocean centered in the
North Atlantic (Nordic Seas)

All current ideas for the cause of abrupt
- changes require Ice Age conditions

There is no reason to expect “abrupt
climate changes” due to increasing
greenhouse gases




