GE510 Physical Principles of the Envt
Radiative Forcing of Climate

Radiative Forcing of Climate
1. What is radiative forcing of climate? – Conceptually
- A simple definition
- Physical properties of molecules that make them GHG
- A simple greenhouse effect model

1. What is radiative forcing of climate? – Operationally
- IPCC definition and use
2. Strengths and Limitations of the concept
3. Specific forcings by GHG and aerosols.
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Radiative Forcing of Climate
Simple Definition:
“ A change in the input or output of radiation to/from the
climate”

Radiative forcing could be due to a change in the solar
input, or outgoing radiation, or both.
After imposition of this change, over time a new energy
balance would result, characterized by surface and
atmospheric temperatures
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• Units of radiative forcing: W/m2
• “+” radiative forcing – warms planet
• “-” radiative forcing – cools planet
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Physical properties of molecules that make them GHG
Observations:
Diatomic molecules and atoms are not usually good
infrared absorbers
Tri-atomic and higher molecules usually are. Why?
Short answer: more complex molecules have a greater
repertoire of available places to store and release
eneregy.
This is ultimately based on quantum mechanics – atoms
and molecules can only accept or deliver photons in
discrete energy levels.

Physical properties of molecules that make them GHG
Analogy to vending/change machines (Philander):
Lower dollar amounts correspond to lower energy
photons
O2 only takes and gives $10, $20 bills
CH4 takes/gives $5, $1, 50 cent coins
CO2 takes/gives $1, 50, 10, 5, 1 cent coins
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Thermal wavelenghts
are weak and only
perturb the lowest
available energy slots in
tri-atomic molecules.
These are rotational and
vibrational energy
states.
Diatomic molecules
don’t have these weak
modes to perturb
Visible light/UV/x-rays
don’t bother with these
weak absorption
modes.

Relation of thermal
radiation absorption
to higher energy
radiation absorption
Think of the GHG
we’ve discussed so
far:
CO2, CH4, N2O, CH4,
O3, CFC
All tri-atomic or
larger.
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Taking stock II:
We’ve now discussed thermal properties of the
atmosphere and earth’s surface, why certain molecules
are good greenhouse absorbers.
Now let’s consider a simple energy balance that
quantitatively demonstrates the greenhouse effect.
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1. What is radiative forcing of climate? – Conceptually
- A simple greenhouse effect model
A. Glass represents the ‘normal’ greenhouse effect on earth
and is at top of atmosphere
B. Solar shortwave radiation S largely makes it to surface
C. For energy balance, top of glass must send S back out.
D. Greenhouse gases don’t have a preferred direction;
they send S units in both directions – up and down.
E. Thus, the surface of the
earth recieves 2S due
to the greenhouse
effect – instead of 1S if
there were no
atmosphere!
G = thermal radiation
emitted from earth =2S

Stefan-Boltzmann:
2S = εσT4 –> T = (2S/ εσ)1/4
With greenhouse effect, versus
S = εσT4 –> T = (S/ εσ)1/4
Without greenhouse effect.
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We have demonstrated how the ‘natural’ greenhouse
effect (e.g. H2O, natural CO2) elevated surface
temperature.
Next time we will extend this simple model to show how
the addition of greenhouse gases increases surface
temperature.

More realistic: multiple layers represent vertical distribution
of atmospheric gases, including GHGs
S
H3

Height

T3
H3

H2

T2

H1
T1

G

H2
H1

Ts
Temperature

8

Energy Balance:
1. Out of top: H3 = S
2. Third layer: H2 = 2H3; thus H2 = 2S
H3
S

layer: H1 + H3 = 2H2
Thus H1 = 3S

3. Ground: S+H1 = G
Thus G = 4S
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Solving for temperatures:
Ts = (4S/εσ)1/4
T1 = (3S/εσ)1/4
T2 = (2S/εσ)1/4
T3 = (1S/εσ)1/4

Thus, temperatures decrease with height.
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We can generalize to any strength of greenhouse effect
by using optical depth:
εσT4 = (1 + Optical Depth) x S
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Radiative Forcing (IPCC):
“The radiative forcing of the surface-troposphere system due
to the perturbation in or the introduction of an agent is the
change in net irradiance at the tropopause AFTER allowing
for stratospheric temperatures to readjust to radiative
equilibrium, but with surface and tropospheric temperatures
and state held fixed at the unperturbed values.”
-A mouthful!
-Let’s try to deconstruct this…

“The radiative forcing of the surface-troposphere system due
to the perturbation in or the introduction of an agent is the
change in net irradiance at the tropopause AFTER allowing
for stratospheric temperatures to readjust to radiative
equilibrium, but with surface and tropospheric temperatures
and state held fixed at the unperturbed values.”
Why surface-troposphere system?
“The tropopause is chosen because… in a global and annual
mean sense… they are so closely coupled that they behave
as a single thermodynamic system” – IPCC 1994
Stratosphere: response time of months to climate forcing
disturbances
Surface/Troposphere: response time of years/decade to
climate forcing disturbances – due largely to ocean response
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“The radiative forcing of the surface-troposphere system due
to the perturbation in or the introduction of an agent is the
change in net irradiance at the tropopause AFTER allowing
for stratospheric temperatures to readjust to radiative
equilibrium, but with surface and tropospheric temperatures
and state held fixed at the unperturbed values.”
What is ‘readjustment’ of the stratosphere?
-Let’s use an example: doubling CO2 in the troposphere reduces
outgoing infrared radiation and thus constitutes a positive radiative
forcing on the troposphere/surface system.
-As stated earlier, it would take a decade for the troposphere/surface to
RESPOND to this forcing and restore balance by increasing temperature,
but only a few months by the stratosphere to decrease temperature.
-To restore an earth energy balance, stratospheric temperatures must
cool if troposphere/surface temperatures warm. If not there would be a
net increase in total energy leaving earth to outer space with a
greenhouse effect.

“The radiative forcing of the surface-troposphere system due
to the perturbation in or the introduction of an agent is the
change in net irradiance at the tropopause AFTER allowing
for stratospheric temperatures to readjust to radiative
equilibrium, but with surface and tropospheric temperatures
and state held fixed at the unperturbed values.”
What is ‘readjustment’ of the stratosphere?
-In essence, this definition of radiative forcing puts the stratosphere ‘in
whack’ (that is, in equilbrium) with the radiative effects of a perturbing
agent, while allowing the region of interest (troposphere/surface) to
remain ‘out of whack’.
-This is very artificial! It is a “modeling concept” (IPCC 2001 p. 353) – I
would say even a ‘modeling construct’.
-It doesn’t correspond to a real scenerio but is better thought of as a
quantitative measure of potential for climate change.
-So if so artificial, why define it this way???
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“The radiative forcing of the surface-troposphere system due
to the perturbation in or the introduction of an agent is the
change in net irradiance at the tropopause AFTER allowing
for stratospheric temperatures to readjust to radiative
equilibrium, but with surface and tropospheric temperatures
and state held fixed at the unperturbed values.”
Why allow ‘readjustment’ of the stratosphere?
-It turns out that defining radiation forcing in this way leads to a much
more general correlation between forcing agents and climate
(temperature) response.
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