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Lecture 26, 27 October 2009 ¢ Climate Variation

This Time

General Climate Distribution again g Factors and Drivers

Introduce climate fluctuation from inter-annual to millennial scales.

Climate Variation at Millennium, Century, Decade time scales.

Milankovitch Cycles ¢ Celestial Forcing of Climate

i Time of Perihelion and Aphelion (18,000 yr cycle)

i Eccler;tn(:lty CAKE LIS 27T @disthiiberaraSun 210000 jr
cycle

i Precession (Wobble) of Earth on axis ¢ tilt of axis during different
times of the year (26,000 yr cycle)

i Obliquity ¢ angle of tilt (ecliptic vs. equator) ¢ seasonality (40,000
yrcycle)

A 1000 Years of Global Temperature

A 2million Years of Climate Change (19 Glacial, 20 Interglacial periods)
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Insolation Air masses Temperature
Precipitation Pressure Global Atmospheric Circulation Figure 10.1

Last Time

A Climate System ¢ General Processes

i Energy transfers between components (atmosphere,
hydrosphere, cryosphere, land, ocean) and over space;
all variable

A Climate System ¢ General Patterns
i General Classification
1 Global Distribution
i Locations of climate regions

Climate variation

ARemember Means, Variation, and Extremes!
A Annual

A Decadal

A Century

AMillennial

A Even longer cycles/variation

Factors

Generalized Climate



Climate Variation
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Figure 1030 in Christopherson

Climate Change Mechanisms (Ch. 17,
pp 555-568 in Christopherson)

A Orbital Forcing
P/ KFEYy3Aay3 {2 N &/ 2 yyadcle)y G
i Orbital Variation: Milankovitch cycles (Milutin
Milankovitch ¢ Hungarian astronomer)
A Atmospheric Factors
T Dust*, volcanic activity
i aDNBSyK2dzaS¢ 3 aSar
A Oceanic Circulation (e.g. Isthmus of Panama formed 3
million years ago, thermohaline current system).
A Tectonics
i Continents Have Moved
i Mountain Ranges Have Formed

A *The factors that humans can affect.

Climate Variation
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Global Temperature Trends 1880-2001
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Figure 1628 in 8" Edition of Christopherson (not"&d).
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Drivers of climate and climate fluctuation

Reflected Solar Outgoing

107\ Radiation Longwave
107 W Radiation
235 W

Reflected by Clouds,
Aerosol and
Atmospheric

77

FAQ 1.1, Figure 1. Estinte of the Earth's amual and giobalmean energy balance Gver e long term, the amaun of icoming sala raciation absorted by the Eart) and
amosphere Eatthand i solar adiaton is absarbed by

Earti's suriace. ifs energy e i in contact wit and by longware radiadan tiat is
atscrted by ciouds and greenhouse gases. The atmosphere in urn rafiztes

Source: Climate Change 2007A PCC Fourth Assessme

Report "The Physical Science Basish
http:/Awww.ipce.ch/ Hereafter IPCC 2007

M | Ian k0V|tCh Cycles Cycle 1: Eccentricity, or shape of

Earthdés orbit ar
100,000 years shape changes fron
Sl nearly circular to elliptical and back
[

Cycle 2: Precession of Earth on
its axis, or fAw
spinning top, the axis turns with
about a 26,000 year cycle.
11,000 years from now, the
southern hemisphere will be
closer to the sun in July.

Cycle 3: Obliquity, or angle of the
axis to the ecliptic (now 23.5
degrees), varies from 22 to 24.5
degrees over a 40,000 year cycle.

Cycle 4: Variation of time of
aphelion and perihelion, cycles ove
18,000 years.

(b) Earth's wobble (c) Variation of tift
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Change in timing of aphelion/perihelion @M PRESENT
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ka = kiloannum, or thousand years ago 27
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Note that perihelion (closest = w6k
approach of the Earth to the sun) is MQW
in January now, but has been at
other months in the past (e.g. -

October 3 to 6 thousand years ago.
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~9 ka
Note, too, that the direction of the an 8w
tilt of the Earthos a elative

the sun and stars, has varied over R

time. The angle of tilt has also JuL
i 12 to 15 ka
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Milankovitch Cycles: Changing of Insolation
and Seasonality by Orbital Forcing

Eccentricity Cycle (100 k.y.)

‘G;D

Precession of the Equinoxes (18 and 23 k.y.)

Obliquity Cycle (41 k.y.)
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Mormal to Ecliptic

€= 9000 years ago
Northern Hemisphere tilted away from the sun at aphelion.

(Figures from Scott Rutherford
Roger Williams University)
ithem hemisphere lilted toward the sun at aphe\icn\N
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Milankovitch Cycles: Changing of Insolation
and Seasonality by Orbital Forcing

Element Period | Explanation
Orbital 100,000 D!mng periods of low orbital eccentricity the
winters tend to be warmer and the summers cooler.
Ice accumulation is enhanced by cool summers.
Seasonal contrast is correlated with axial tilt.
Seasonal differences are lowest when the axial tilt
aaal tilt ~41,000 1s lowest (Tilt can range from 22.1 to 24.5°.
Currently it is at 23.5%). Lower seasonal contrast
leads to growth of ice sheets.
Precession affects which hemisphere is pointing
towards the sun at its closest approach to the sun
~19.000 | (perihelion). Seasonal differences within a
& 23.000 | hemisphere are reduced when the summer is at
years | aphelion (as the northern hemisphere is at present),
and again, lower seasonal differences lead to ice-
sheet growth.

Summer insolation is the most important variable affect
by Milankovitch Cycles!

eccentricity years

(obliquity) years

axial waobble
(precession)
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Northern Hemisphere Conditions past 18,000 years
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Modified from Figure 17-16 in Christopherson
Temperature curve of the past 2 million years, as determined by

fluctuations of oxygen isotope ratio$@/:°0) in fossil foraminifera
in deepsea sediment cores.

Next Time
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(b) "SST = Sea-surface temperature

A Climate Variation: Milankovitch Cycles and
other Controls; Paleoclimates

A Human Activities Control Climate?



