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Orbital forcing
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Natural variability and perturbed climate
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Sea level: 10 ky BP
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Transitions from Greenhouse to Icehouse Climate:
Evidence from Marine Sediments
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Transitions from Greenhouse to Icehouse Climate:
Evidence from Marine Sediments
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Transitions from Greenhouse to Icehouse Climate:
Evidences from Marine Sediments
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Climate warming ~ backward’
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Climate warming ~ backward’
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Flat Temperature Gradient
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Energy transport (X 10" w)
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Global meridional heat transport divides roughly equally into 3 modes:
1. atmosphere (dry static energy)
2. ocean (sensible heat)
3. water vapor/latent heat transport

The three modes of poleward ftransport are comparable in amplitude, and distinct in character
(sensible heat fluxxdivergence focused in tropics, latent heat flux divergence focus in the

subtropics)
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Flat Temperature Gradient
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» Changes in the land surface cover
» Other effects?
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Radiative forcing (Watts per square metre)
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Variations of the Earth's surface temperature for:

To Project future climates by (a) the past 140 yoars
using the observed record of e | o
climate over the past century, i *
we need to know three things %
to interpret the temperature ; |
time series: i

AD = 4 + = AT

At A

Climate Forcing = AQ (Wm)

Heat capacity = C (J °K*! m -?)
Climate sensitivity = L (°K per Wm2)



Energy Equation:

AT 1
N0 = C— = AT
O CAt + P

Climate=  Heat + Heat
Forcing Storage Loss

In Equilibrium, temperature is constant with time and so,

A 1s a measure of climate sensitivity;
K per Wm of climate forcing



Energy balance model: Concepts of climate

(1 —-a)STR* = 4rR*ccT*

incoming energy from the Sun  outgoing energy from the

Heat capacity of the
climate system

Fast rotation

\

shadow are

J(1—a)S

deo

T =

a TR?

Lohmann, 2020
doi:10.5194/esd-11-1195-2020



A Simple Question

* |f we alter Earth’s radiation balance by 1
W m=2 and allow the climate system to fully
adjust, how much will the global average
temperature change?

» This is a fundamental question in climate
dynamics, and is relevant to both past and
future climate change.



Schematic Diagram of
Zero-Dimensional Climate Model

Radiative Thermal
Forcing Response




Snow-Ilce-Albedo Feedback

In a warmer climate, snow cover and sea ice
extent are reduced.

Reduced snow cover and sea ice extent
decrease the surface albedo of the earth,
allowing more solar radiation to be absorbed.

Increased absorption of solar radiation leads to
a further increase in temperature.

This is a positive feedback.



Water Vapor Feedback

In a warmer climate, increases in saturation
vapor pressure allow water vapor to increase.

Increased water vapor increases the infrared
opacity of the atmosphere.

The reduction in outgoing longwave radiation
leads to a further increase in temperature.

This is a positive feedback.
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Water Vapor Feedback

Effect on long-term response to doubled CO,
AT = A-AQ

A 1s a measure of climate sensitivity;
°K per Wm of climate forcing

A, = for fixed absolute humidity = 0.25 °K/(Wm)
Ay = for fixed relative humidity = 0.50 °K/(Wm2)

l}}q =2.01+0.5Wm = K = (NRC, 1979, still good?)

AQ, o, = AWm>  gives
1160 < AT <2.7C



Zero-Dimensional Climate Model
With Feedbacks

J | AT
AQ,-G,, &—

Al

F —

AT =G,J = G,(AQ+ FAT)



AT =G,(AQ+ FAT)

Solving for AT

G
AT =—L A =G.F
el f =G
This can also be written as
G
AT =G G, =—2
Gj Q f l—f

Larger positive F — larger G, — larger AT




Climate sensitivity is sometimes expressed
in terms of the equilibrium warming that would
result from a doubling of atmospheric CO,:

AT, =G ,AQ,,
AQ, ~4W m™
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Exercise

EBM analysis
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