Climate Dynamics (PCC 587):
Feedbacks
O

Cloud Feedbacks?

O
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» Forcings:
Things that change climate directly
COz2, methane, solar, aerosols, etc

» Feedbacks:

Things that respond to a change in temperature
Water vapor
Lapse rate
Ice coverage (sea and land)
Clouds
These would presumably respond similarly to any forcing
In a per degree warming manner

» Remember we can calculate radiative transfer very
accurately

* Radiative forcing: a useful method of quantifying
climate forcing of different agents

Keep temperatures the same, instantaneously change forcing,

and calculate effect on radiation

Ex 1: if solar radiation was decreased by 2 W/mz2
Radiative forcing would be -2 W/m2

Ex 2: if CO2 was instantly doubled, OLR decreases by 4 W/m2
Radiative forcing is 4 W/m2
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Temperatures must respond to a radiative forcing
Positive radiative forcing - temperatures must increase
This will then reduce the radiative imbalance

How much temperature response depends on
feedbacks though

Radiative forcing is defined so it doesn’t depend on feedbacks

For instance, say lots of ice was on the verge of
melting
Then any small warming would be strongly amplified

On the other hand, say the lapse rate feedback could
act strongly (warming the upper troposphere really
quickly)
Then the surface temperature might only need to increase a
tiny bit to respond to the forcing
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Feedbacks

O

Climate Sensitivity

O
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Climate Sensitivity and Feedbacks

O

Feedback Factor vs Gain

O
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Feedback factor,
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Feedback Factors for Global Warming
@
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Clouds have largest uncertainty by far (when water vapor and lapse rate are
combined)
Cloud LW forcing is expected to be slightly positive (depth of high clouds to
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+ Skewed tail of high climate sensitivity is inevitable!

Climate sensitivity: an envelope of uncertainty
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6,000 model runs,
perturbed physics
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« Two questions:
1. What governs the shape of this distribution?
2. How does uncertainty in physical processes translate into uncertainty in
climate sensitivity?




Climate sensitivity: GCMs
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+ GCMs produce climate sensitivity consistent with the
compounding effect of essentially-linear feedbacks.

What if there’s time dependent forcing?

We’ll show on the board that stronger feedbacks - slower
response
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