
1

Climate Change - The Basics

How much do we 'believe' and how 

much do we understand?

David Faulkner
Please send correspondence to

dav1dfaulkner@yahoo.com

The aim of this presentation is to investigate some basic physics we need to understand 

to give us confidence that our changes to a low carbon lifestyle are justified.

It is also intended to be a primer for a second talk on the effects of emissions into the 

stratosphere-a layer where humans can cause even more havoc.
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Abrupt Changes in 

the Earthôs Climate 

System 1995

Å ñOngoing and projected growth in global 

population and its attendant demand for 

carbon-based energy is placing human 

societies and natural ecosystems at ever-

increasing risk to climate change (IPCC, 

2007). 

Å In order to mitigate this risk, the United 

Nations Framework Convention on 

Climate Change (UNFCCC) would 

stabilize greenhouse gas (GHG) 

concentrations in the atmosphere at a 

level that would prevent ñdangerous 

anthropogenic interferenceò with the 

climate system (UNFCCC, 1992, Article 

2)ò.

ñThere has been a 

significant increase 

in meltwater runoff 

from the Greenland 

Ice Sheet for the 

1978-2007 period 

compared to the 

previous three 

decades (Fig. 1.3)ò. 

http://downloads.climatescience.gov/sap/sap3-4/sap3-4-final-report-ch1.pdf

Background, Recent Evidence
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Abrupt Changes in 

the Earthôs Climate 

System 1998

Å ñOngoing and projected growth in global 

population and its attendant demand for 

carbon-based energy is placing human 

societies and natural ecosystems at ever-

increasing risk to climate change (IPCC, 

2007). 

Å In order to mitigate this risk, the United 

Nations Framework Convention on 

Climate Change (UNFCCC) would 

stabilize greenhouse gas (GHG) 

concentrations in the atmosphere at a 

level that would prevent ñdangerous 

anthropogenic interferenceò with the 

climate system (UNFCCC, 1992, Article 

2)ò.

http://downloads.climatescience.gov/sap/sap3-4/sap3-4-final-report-ch1.pdf

ñRecent data from 

Greenland show a high 

correlation between 

periods of heavy surface 

melting and an increase 

in glacier speedò

A possible cause for this 

relation is rapid drainage 

of surface meltwater to 

the glacier bed, where it 

enhances lubrication and 

basal slidingò. 

Background, Recent Evidence
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Abrupt Changes in 

the Earthôs Climate 

System 2007

Å50% Greenland has begun 

to melt

ÅSeptember 2009 NE 

passage opens to shipping

ïMay be kept open all winter 

in future (BBC radio World 

Service 17 Sept 2009)

ñTotal melt area is 

continuing to increase 

during the melt 

season and has 

already reached up to 

50% of the Greenland 

Ice Sheet; further 

increase in Arctic 

temperatures will very 

likely continue this 

process and will add 

additional runoff. 

http://downloads.climatescience.gov/sap/sap3-4/sap3-4-final-report-ch1.pdf

Background, Recent Evidence
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Our climate ï

Why be interested in how it works?

Å The Problem 

ï Things are changing faster than 
predicted 

ï Changes affect our environment 

ï Food and water supplies are at risk

Å Issues

ï Are we getting the right story?

ï Are we able to make our own 

judgement?

ï Are we being told the whole 

truth?

CH4

CO2

H2O

Are we barking up the wrong tree?
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Balancing the sunôs and earthôs radiation

Black Body Radiation #1

A concept used in physics to understand radiation from objects

ñHotter objects give off more heatò

ñA black body (when heated) emits a temperature-dependent 

spectrumò [1]

If the black body is hot enough it emits light (e.g. the Sun)

If it is cooler it gives out infra-red energy like the embers in a dying fire

[1] http://en.wikipedia.org/wiki/Black_body
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Black Body 

Radiation #2
ñéa black body (when heated) emits a 

temperature-dependent spectrum of lightò 

[1].

The intensity of radiation (u = shape of 

curve) is a function of wavelength (ɚ)as 

given by Planckôs law [2] with parameter T

u(ɚ)= a/ɚ5[exp(b/ ɚT)-1]

where a= and b are constants

T (sun) = 5780K,   [cf. T (earth) =255K] 

ñWienôs law gives the wavelength of 

maximum intensity as = 0.29/T (cm)ò[3]

ɚ (sun) = 518nm    [cf. ɚ (earth) = 11.4ɛm] 

[1] http://en.wikipedia.org/wiki/Black_body

[2] http://en.wikipedia.org/wiki/Planck's_law

[3] http://www.astro.cornell.edu/academics/courses/astro201/wiens_law.htm

Balancing the sunôs and earthôs radiation
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Sun and Earth óTransmitô on Different Wavelengths

[1] http://earthobservatory.nasa.gov/Features/EnergyBalance/page2.php.

[2] http://en.wikipedia.org/wiki/Color

[3] ñMeteorlogy for Scientists and Engineersò, Ed 2ïRoland B Stull, pp 30-31, Pub. Brooks/Cole

Visible Invisible 

Infra-red

The total emission, the area under each curve, is given by the Stefan-Bolzmann law as 

E = ůSB T4

Where T is the temperature (K) and ůSB =is the Stefan-Bolzmann constant  [3]

For the earth (at 255K) the radiation into space is 240 W/m2

The incoming radiation from the sun is equal to the outgoing radiation from the earth

[1]

[2]

Incoming       Outgoing

Balancing the sunôs and earthôs radiation
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Where does the Sunlight go?
Å ñAbout 29 percent of the solar energy that 

arrives at the top of the atmosphere is 
reflected back to space by 

ï clouds, 

ï atmospheric particles, 

ï bright ground surfaces like sea ice and 
snow. 

ï This energy plays no role in Earthôs climate 
system.

Å About 23 percent of incoming solar energy 
is absorbed in the atmosphere by 

ï water vapour, dust, and ozone

Å 48 percent passes through the atmosphere 
and is absorbed by the surface. 

Å Thus, about 71 percent of the total 
incoming solar energy is absorbed by the 
Earth systemò.

http://earthobservatory.nasa.gov/Features/EnergyBalanc

e/page4.php

Balancing the sunôs and earthôs radiation



11
http://en.wikipedia.org/wiki/File:Atmospheric_Transmission.png

Radiation 

from the sun (red)

warms the earth 

and atmosphere

(sunny side only)

Radiation from 

the earth (blue 

curve)is lost into 

space by day and 

night

Substances in the

atmosphere 

absorb some 

radiation and 

warm up the 

atmosphere:- the 

ógreenhouseô 

effect

Balancing the sunôs and earthôs radiation
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Calculating the incoming radiation

First apply the Stefan-Boltzmann 

law to calculate the sunôs 

incoming radiation

IR= (1 - A)S.ˊ.R2

Where A=Albedo (Reflectivity) 

(0.3)

R= radius of earth (cancels later)

S=Solar constant (daylight) 

=1367 W/m2 [4,5]

Recommended

Balancing the sunôs and earthôs radiation

[1] ñMeteorology for Scientists and Engineersò, Ed 2ïRoland B Stull, Pub Brooks/Cole

[2] ñAtmosphere, ocean, and climate dynamics: an introductory textò By John Marshall, R. 

Alan Plumbò, Elsevier Academic Press 2008. See p 14 on Google books

[3] Introduction to circulating atmospheres By Ian N. James, Cab Uni Press see pp. 63/64 

on google books

[4] http://www.answers.com/topic/solar-constant

[5] http://wattsupwiththat.com/2009/04/01/nasa-headline-deep-solar-minimum/

Solar 

óConstantô [5]

=Daylight

Sunlight 

Reaching

earth

Radius RTSurf
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Calculating the outgoing radiation

Next apply the Stefan-Boltzmann 

Law to calculate the IR radiation out

IO = 4ˊR2ůSBTSurf
4

where4ˊR2 is the surface area

ůSB is the Stefan Boltzmann constant

TSurf is the surface temperature

which is the same as the earth 

system when there is no atmosphere

Balancing the sunôs and earthôs radiation

The earth emits IR

day and night

TSurf

[1] ñAtmosphere, ocean, and climate dynamics: an introductory textò By John Marshall, R. Alan Plumbò, Elsevier 

Academic Press 2008. See p 14 on Google books

[2] ñMeteorology for Scientists and Engineersò, Ed 2ïRoland B Stull, Pub Brooks/Cole

[3] Introduction to circulating atmospheres By Ian N. James, Cab Uni Press see pp. 63/64 on google books
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Calculating the earthôs temperature

(no atmosphere)
Balance the two equations 

IR = IO and rearrange for TSurf

TSurf = [(1-A)S/4ůSB] 1/4

(assuming earth is a perfect black 

body emitter)

Applying the numbers we get 

255K (ï18OC) for the earth.

But this is colder than the real 

average observed at the 

surfaceé..

Balancing the sunôs and earthôs radiation

[1] ñAtmosphere, ocean, and climate dynamics: an introductory textò By John Marshall, R. Alan Plumbò, Elsevier 

Academic Press 2008. See p 14 on Google books

[2] ñMeteorology for Scientists and Engineersò, Ed 2ïRoland B Stull, Pub Brooks/Cole

[3] Introduction to circulating atmospheres By Ian N. James, Cab Uni Press see pp. 63/64 on google books

NB. This temperature TSurf =TES = 255K should be 

constant for the earth system viewed from space 

averaged over a year if there is no change in incoming 

sunlight (radiation) or albedo (reflectivity).

If we add layers such as the atmosphere or cloud the 

average will be the same

Some of the graphs shown later show only a local 

surface temperature (e.g. over the tropics or poles)

TSurf
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Calculating the Earthôs temperature-

Adding the atmosphere

Next add a theoretical atmosphere that is 

transparent to incoming sunlight but opaque to 

infra red. Radiation from earth heats the 

atmosphere to temperature TA = 255K

The atmosphere is assumed to radiate equally 

outwards and inwards (like a black body 

radiation).

Hence the radiation reaching the surface has two 

equal components one from the sun (mostly 

visible) and one from the atmosphere (IR)

ůSBTSurf
4= 2. ůSBTA

4

TSurf = 21/4. TES = 30.1OC

This warming is known as the greenhouse effect

Discussion. This simple model does not apply for Venus at 

735K. The temp of the Venus system is approximately the same 

as earthôs and 2 ¼ is too small a multiplier. There must be some 

important physics missing.

Balancing the sunôs and earthôs radiation

TSurf

Solar 

Constant

=Daylight
TA via convective mixing

[1] ñAtmosphere, ocean, and climate dynamics: an introductory textò By John Marshall, R. Alan Plumbò, Elsevier 

Academic Press 2008. See p 14 on Google books

[2] ñMeteorology for Scientists and Engineersò, Ed 2ïRoland B Stull, Pub Brooks/Cole

[3] Introduction to circulating atmospheres By Ian N. James, Cab Uni Press see pp. 63/64 on google books
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Calculating the Earthôs surface temperature

The atmospheric window
+30.1OC is warmer than we observe but illustrates 

what would happen if the atmosphere was truly 

opaque to IR .

We therefore assume that some radiation (25%) 

escapes into space via the óatmospheric windowô

This gives an absorptivity ó(a)ô of around 75%

Balancing the radiation equations and solving leads 

us to a more realistic estimate of the average 

surface temperature [1]

TSurf
4= 2. ůSBTES

4 /(2-a)

(where TES = the average earth system 

temperature observed from space =255K)

=288K  = (15OC)
A ótrue valueô is 287K [2]

Balancing the sunôs and earthôs radiation

Solar 

Constant

=Daylight

(1-a)ůSBTSurf
4

TA via convective mixing

ůSBTSurf
4

a.ůSBTA
4

a.ůSBTA
4

[1] ñAtmosphere, ocean, and climate dynamics: an introductory textò By John Marshall, R. Alan Plumbò, Elsevier 

Academic Press 2008. See p 14 on Google books

[2] ñMeteorology for Scientists and Engineersò, Ed 2ïRoland B Stull, Pub Brooks/Cole

[3] Introduction to circulating atmospheres By Ian N. James, Cab Uni Press see pp. 63/64 on google books
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The atmospheric windows
Å There are two ówindowsô

ï One allows radiation in (e.g. visible light)

ï One allows radiation out (infra-red)

Å Clouds give spatial variability affecting 
both windows

ï absorbing IR

ï blocking incoming light

ï (On average about 60% earth is 
covered in cloud)

ï Discussion: Is this an average value-
part cloud and partly clear?

Å The various gases and particulates in 
the atmosphere have selective spectral 
absorption

ï Can affect one or both windows

ï Some gases have positive radiative 
forcing and some negative

Balancing the sunôs and earthôs radiation

ñAtmosphere, ocean, and climate dynamics: an 

introductory textò By John Marshall, R. Alan Plumbò, 

Elsevier Academic Press 2008, see p18 on Google 

books
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What does this simple model tell us?

Å The earthôs surface temperature is sensitive to

ï Sunlight and its reflection (S and A)

ï How much IR energy is radiated from the surface into space (1-a)

ï The sensitivity is moderated by a power ¼ 

Åoften quoted as a ónegative feedbackô (a stabilising influence)

Å These can change over time (e.g. averaged year to year)

ïThis leads to óclimate changeô

Å To reach the maximum +30.1OC for a single layer model the IR 
window needs to close

ï Apart from water vapour (and resultant clouds) carbon dioxide has been 
identified as a blocker of IR radiation into space

ï To avoid climate change we must do everything possible to avoid 
changing the IR atmospheric window 

ÅSo that the earth can radiate from the surface directly into space to as it has 
done for millions of years

Balancing the sunôs and earthôs radiation

TSurf
4= 2. ůSBTES

4 /(2-a)

= (1-A)S/2 (2-a)
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What are the limitations of this model?
Å It is a single slab model

ï The surface temperature depends upon the number of óopaqueô layers which can be 
included in the model (depending upon optical depth)

Å It does not explain how IR energy is radiated through the atmospheric window

ï In the absence of clouds, there is the gap in the IR spectrum which allows earthôs 
surface heat to be radiated

Å It is a global average and does not account for temperature variation with latitude

ï What is happening at the poles?

ï This could be widely more extreme than the average

Å It does not account for altitude

ï Different layers having different temperatures

ï What is happening on mountain glaciers?

Å It does not allow for different surface features (land, ocean, snow)

(General Circulation Models (GCMs) running on supercomputers are needed to 
take account of these and other effects

ï Plus research into the effects of water vapour, cloud and ice)

Balancing the sunôs and earthôs radiation
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N-Slab Model

ÅThe surface temperature can 
be better estimated according 
to the formula

Tes = average temperature of the planet 
viewed from space 

N = the number of layers

ÅFrom the surface upwards 
every layer is cooler than the 
one below
ïIf the atmospheric IR window 
óclosesô in each layer these 
surface temperatures will be met

An atmosphere made up of N slabs each 

of which is completely absorbing in the IR 

window1

ñAtmosphere, ocean, and climate dynamics: an introductory textò By John Marshall, R. Alan Plumbò, Elsevier 

Academic Press 2008 (See page 21 on Google books for this reference example)

Ts = (N+1)1/4 Tes

Earth Surface 

N C

0 -18

1 30.25

2 62.6

3 87.62

4 108.3

Balancing the sunôs and earthôs radiation
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What is the significance of the 

N-Slab model
ÅIt forms the basis of óradiative transfer modelling [1]ô 
ïusing calculus and / or

ïGeneral Circulation Models (GCMs)

ÅIt demonstrates how the earthôs surface temperature 
could rise above 30OC
ïIf layers are opaque

ÅIt can be used to estimate the surface temperature of 
Venus (480OC)
ïWith 90 times denser atmosphere (96% is CO2 )

ïThe famous astronomer Carl Sagan published on this in 1967

ïA key question is how many ólayersô to apply. Optical depth is a 
key factoré..

http://www.ericweisstein.com/research/thesis/node40.html

Balancing the sunôs and earthôs radiation
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Optical Depth and Absorption

Å ñOptical depth, or optical thickness is a measure of transparency

ï Defined as the negative logarithm of the fraction of radiation (or light) that is 
scattered or absorbed on a path. 

ï One way of visualizing optical depth is to think of a fog. 

Å The fog between you and an object that is immediately in front of you has an optical depth 
of zero. 

Å As the object moves away, the optical depth increases until it reaches a large value and the 
object is no longer visible [1]ò.

ï Used to estimate the óthicknessô of clouds

Å Seen in IR from space, clouds and GHGs mask the radiation from earth

ï Space radiometers detect the cold temperature of the cloud tops 

ï CO2 and other GHGs also radiate from the top of the atmosphere into space

Å CO2 absorption in the first 100m meters from the surface appears to be 
dominant [2]

ï Intuitively yes. However radiative transfer models are needed to compute the total 
effect throughout many small atmospheric layers to obtain the accuracy needed

[1] http://en.wikipedia.org/wiki/Optical_depth

[2] http://www.warwickhughes.com/papers/barrett_ee05.pdf

Earthôs radiation seen from space
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Next

Earthôs radiation seen from space
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What does earthôs IR emissions look like from space?

http://www.exploratorium.edu/climate/atmosphere/data1.html

ñ..This picture was constructed from images gathered over a one-month period during March 2000.

The orange-red areas of this image show heat being emitted from relatively cloud-free bands north and 

south of the equator. ..ò

ñThe dark blue areas over the tropics show high clouds which are colder at their surface. Heat is being 

trapped underneath.ò

Earthôs radiation seen from space

Most heat is lost through cloud free regions in the tropics and subtropics. 


