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Tectonic Scale

Q Tectonic Scale: the longest time scale of
climate change on Earth, which
encompasses most of Earth’s 4.55-hillion
years of history.

Q Tectonic processes driven by Earth’s
internal heat alter Earth’s geography and

affect climate over intervals of millions of
years.

O Onthistime scale, Earth’s climate has
oscillated between times when ice sheets
were presented somewhere on Earth (such
astoday) and times when no ice sheets
were presented.
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Eccentricity

Precession

Orbital Scale

(13,000

Period: 41,000 year:

O Orbital-scale climate changes are caused by subtle shiftsin Earth’s orbit.

Q Threefeatures of Earth’s orbit around the Sun have changed over time:
(1) thetilt of Earth’s axis,

(2) the shape of its yearly path of revolution around the Sun
(3) the changing positions of the seasons along the path.

Q Orbital-scale climate changes have typical cycles from 20,000 to 400,000 years.
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Deglacial and Millenial Scales
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Deglacial climatic forcing  For the past 21,000 years, model
experiments based on known climatic forcing (insolation, ice
sheets, and CO,) can be compared with observ
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Adapted from |. E. Kutzbach et al., “Climate and

Biome Simulations for the Past 21,000 Years,” Quaternary Science Reviews 17
[1998]: 473-506.)

(from Earth’s Climate: Past and Future)

O Climate changes of these scalesin the past
several tens of thousands of years occurred

within the time span of recorded human
civilization.

O These change can be resolved by 4C-dated
records.

O Themajor boundary conditions that have
driven climate changes during the last 21,000
years have been the changesiin:

(1) size of ice sheet
(2) seasonal insolation
(3) level of greenhouse gases in the atmosphere.
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Climate Sensitivity and Feedback
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Definition and M athematic Form
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O Climate Sensitivity: the Q Feedback Mechanism: a

relationship between the measure process that changesthe
of forcing and the magnitude of sensitivity of the climate
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Direct Impact and Feedback Process
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Major Climate Feedback Processes

O Water Vapor Feedback - Positive

Response
by
climate system

amplified

O Snow/lce Albedo Feedback - Positive
O Longwave Radiation Feedback - Negative
QO Vegetation-Climate Feedback - Positive

QO Cloud Feedback - Uncertain

B Negative feedback h ESS200A
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Initial
change

Water Vapor Feedback

QO Mixing Ratio = the dimensionless ratio of the mass
o of water vapor to the mass of dry air.
warming

Increased 0 Saturated Mixing Ratio tells you the maximum
warmin :
: amount of water vapor an air parcel can carry.

Q The saturated mixing ratio is afunction of air

Increased temperature: the warmer the temperature the larger
Smoskhere the saturated mixing ration.

=> awarmer atmosphere can carry more water vapor
=> stronger greenhouse effect

= amplify theinitial warming

=> one of the most powerful positive feedback
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Snow/Ice Albedo Feedback
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O The snow/ice albedo feedback is

associated with the higher albedo of ice

and snow than all other surface covering.
O This positive feedback has often been

offered as one possible explanation for
how the very different conditions of the
ice ages could have been maintained.

TRBLE 2-1 Average Albedo Range of Earth's
Surfaces

Albedo range
Surface (percent)
Fresh snow or ice 60-90%
Old, melting snow 40-70
Clouds 40-90
Desert sand 30-50
Soil 5-30
‘Tundra 15-35
Grasslands 18-25
Forest 5-20
Water 5-10

Adapted from W. D. Sellers, Physical Climatology
(Chicago: University of Chicago Press, 1965), and from
R. G. Barry and R. J. Chorley, Atmosphere, Weather,
and Climate, 4tb ed. (New York: Methuen, 1982).
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L ongwave Radiation Feedback

Surface Qutgoing

temperature IR flux

O The outgoing longwave radiation emitted by the Earth depends on
surface temperature, due to the Stefan-Boltzmann Law: F = 6(To*.

= warmer the global temperature

=> larger outgoing longwave radiation been emitted by the Earth
=> reduces net energy heating to the Earth system

=> cools down the global temperature

=> anegative feedback
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V egetation-Climate Feedbacks
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A Vegetation-albedo feedback
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B Vegeration-precipitation feedback
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Cloud Feedback

Cloud Radiative Forcing as Estimated from Satellite Measurements

| —
Average Cloud-free An_cE_ forcing V

OLR 234 266 +31

Absorbed solar radiation 239 288 —-48

Net radiation +5 +22 -17

Albedo 30% 15% +15%

Radiative flux densities are given in W m~2 and albedo in percent. [ From Har-
rison ef al. (1990), © American Geophysical Union. ]

O Clouds affect both solar radiation and terrestrial (longwave) radiation.
O Typically, clouds increase albedo =» a cooling effect (negative feedback)
clouds reduce outgoing longwave radiation =» a heating effect (positive feedback)

O The net effect of clouds on climate depends cloud types and their optical
properties, the insolation, and the characteristics of the underlying surface.

O In general, high clouds tend to produce a heating (positive) feedback. Low clouds
tend to produce a cooling (negative) feedback. _
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