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Albedo & Emissivity

Emissivity

= Stars are good approximations to a black body, whereas planets are not

= This can be quantified using the emissivity
Emissivity, e, is defined as
The the ratio of the power radiated per unit area by a surface compared to that of a black
body at the same temperature

It canbe calculated using the equation
power radiated by an object

°* power emitted by a black body
Calculations of the emissivity assume that the black body:
= |satthe sametemperature as the object
= Hasthe same dimensions as the object
Fora perfect black body, emissivity isequalto1
When using the Stefan-Boltzmann law for an object whichis not a black body, the equation becomes:
P = ecAT4

Where:
= P =total poweremitted by the object (W)
= e =emissivity of the object
= o0=the Stefan-Boltzmann constant
= A=total surface area of the object black body (m?)
= T=absolute temperature of the body (K)

O Examiner Tip

You willbe expected toremember that a perfect black body has an emissivity of 1- thisinformationis

notincludedinthe data booklet!
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Albedo /

= Albedo, a,isdefined as Your notes
The ratio of the total scattered power to the total incident power of radiation that is
reflected by a given surface

= |tcanbe calculated using the equation
total scattered power

total incident power

= More specifically, the albedo of a planetis defined as
The ratio between the total scattered, orreflected, radiation and the total incident
radiation of that planet

= Earth’salbedois generally taken to be 0.3, which means 30% of the Sun’s rays that reach the ground
arereflected, orscattered, backinto the atmosphere
= Analbedo of 1represents a surface that scatters all the incident radiation
= Earth’s albedo varies daily and depends on:
= Cloud formations and season - the thicker the cloud cover, the higher the degree of reflection
= Latitude
= Terrain - different materials reflect light to different degrees
= Incident angle of radiation
= |tisusefulto know the albedo of common materials:
= Freshasphalt=0.04
= Baresoil=0.17
= Greengrass=0.25
= Desertsand=0.40
= Newconcrete=0.55
= Oceanice=0.50-0.70
= Freshsnow=0.85
= Albedohasnounits becauseitis aratio (or fraction) of power
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ASPHALT

ALBEDO
=0.04

GRASS

ALBEDO
=0.25

ALBEDO

SNOW
ALBEDO

@ Worked example

The average albedo of fresh snow is 0.85

A MEASURE (BETWEEN ZERO AND
ONE) OF THE AMOUNT OF LIGHT
REFLECTED OFF OF A SURFACE

OBJECTS LIKE DARK ASPHALT
AND BENNU HAVE A LOW ALBEDO.
OBJECTS LIKE ICE AND SNOW
HAVE A HIGH ALBEDO

energy absorbed by fresh snow

Calculate theratio

energy reflected by fresh snow

Answer:
Step 1: Define albedo

= Albedo =the proportion of radiation that is reflected
= Therefore, the energy reflected by fresh snow =0.85
Step 2: Identify the proportion of radiation that is absorbed
= |f 85% of the radiationis reflected, we can assume that 15% is absorbed
= Therefore, the energy absorbed by freshsnow=1-0.85=0.15

Step 3: Calculate the ratio

energy absorbed by fresh snow _ 0.15

energy reflected by fresh snow 0.85

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers
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The Solar Constant

The Solar Constant

= Sincelife on Earthis entirely dependent on the Sun’s energy, it is useful to quantify how much of its
energy reaches the top of the atmosphere
= Thisisknown as the solarconstant, S
= Thesolarconstantis defined as:
The intensity of the Sun's radiation arriving perpendicularly to the Earth's atmosphere when the Earth is
atits mean distance from the Sun

= The average value of the solar constantis 1.36 x 103W m=2
= Thevalue of solar constant varies year-round because:
= TheEarthisinanelliptical orbit around the Sun, meaning at certain times of year the Earthis closer
tothe Sun, and at othertimes of yearitis further away
= The Sun’s output varies by about 0.1% duringits 11-year sunspot cycle
= Calculations of the solar constant assume that:
= Thisradiationisincident on a plane perpendicular to the Earth's surface
= TheEarthis atits mean distance from the Sun
= Theintensity of solarradiationreceived by different planets in the Solar System varies depending on
distance from the Sun
= Forexample, the intensity of solarradiationincident on Venus' atmosphere is higher than Earth's
becauseitis closerto the Sun

Incoming Radiative Power

= The surface area of a planet, with radius r, equals the surface area of a sphere, 41r?
= Aplanet'sradiative intensity covers a cross-sectional area of mir?
= Sothe meanvalue of the radiative power orintensity is:

ﬂrz\z S

Sx(47'rr2} 4
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@ Worked example

The Sun emits 4 x 1026 J in one second. The mean distance of the Earth from the Sunis1.5 x 101" m.
Using this data, calculate the solar constant.

Answer:

Step 1: List the known quantities

= Poweroutput of Sun, P=4x1026 W
= Distance betweenthe Earthand Sun,r=1.5x10"m
Step 2: Model the scenario using geometry

= Aslightleaves the surface of the Sun, it begins to spread out uniformly through a spherical shell
» The surface area of a sphere = 4mr2

= Theradiusrof this sphereis equal to the distance between the Sun and the Earth

ALL THE ENERGY PER
UNIT TIME THAT COMES
OUT OF THE SUN, MUST
ALSO COME OUT OF THE
SPHERE AT RADIUS, r.
THIS IS REQUIRED BY
CONSERVATION OF ENERGY

THE POWER PER
UNIT AREA IS

O/ r=415x10"m
Mo,

[P =4x10"W]|

P
ATTr?

SOLAR
CONSTANT

AREA OF SPHERE = 477r?

Step 3: Write an equation to calculate the solar constant

p

Solarconstant=—""—"+
4112
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Step 4: Calculate the solar constant /

4 x 1026 1415 W m-2 Your notes
an(1.5x 1011) m

Solarconstant =

Solarconstant=1.4 kW m-2(2 s.f)

O Examiner Tip

When defining the solar constant, itisimportant to say that the radiation arrives above the Earth's
atmosphere and not at the Earth's surface.
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Greenhouse Gases

The Main Greenhouse Gases

= The main greenhouse gases have both natural and human-generated origins

In order of decreasing contributions, these are:

= Watervapour (H,0) - evaporation from the oceans / seas and plants
= Carbondioxide (CO,) - volcanic eruptions, wildfires and respiration
= Methane (CH,) - emission from oceans and soils as part of decomposition, termites also emit
methane
= Nitrous oxide (N,O) - soils and oceans
= Whenradiation from the Sun hits the Earth, itis radiated back from the Earth's surface as long-wave
radiation
= Agreenhouse gasis agasthat absorbs this re-radiated radiation, trappingitin the Earth's atmosphere
sothatitisnotlostto space
= Greenhouse gasesinthe atmosphere have a similar effect to the glassin a greenhouse, hence the
term greenhouse gas
= There are many greenhouse gases, and those that contribute most to the greenhouse effect are:
= Carbondioxide (CO,)
= Watervapour(H,0)
= These have the most significantimpact on the greenhouse effect
= There are other greenhouse gases which have a lesser effect, such as:
= Ozone(O,and Oz)
= Methane
= Nitrous oxides

O Examiner Tip

You may have heard of a separate environmental concern, described as the 'hole in the ozone layer';
this is not something that you need to know about. Ozone is an atmospheric gas that absorbs harmful
UVradiation before it reaches earth, but any concerns about ozone depletion have nothing to do with
the greenhouse effect. The problem of ozone depletionis one that hasimproved significantly due to
measures taken to reduce certain types of emissions; humans can getit right sometimes!

You do not need to know the specific sources of each type of greenhouse gas - all you need to know is
that each greenhouse gas has both natural and man-made origins
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Greenhouse Gases & Infrared Radiation /

= While only around 25% of the (mostly short wavelength) solar radiation is absorbed by the atmosphere Your notes
onits way to Earth, around 80% of the (long wavelength) re-emitted radiation from Earth is absorbed
onits way backinto the atmosphere
= Forexample,incoming UV radiationis absorbed by ozone
= Re-emittedinfrared radiationis absorbed by the main greenhouse gases
= This absorbedradiation keeps Earth at a habitable temperature
= However, if thereis animbalance in the chemical composition of the atmosphere, this canlead to
fluctuationsin the Earth’s mean surface temperature

= Therelative significance of a greenhouse gas depends onits concentrationin the Earth's atmosphere
and how much the gas can absorb specific wavelengths of radiation
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The degree of absorption for a particular molecule varies depending on the wavelength of the radiation.
The dark parts show the percentage of radiation that is absorbed by each type of greenhouse gas.

Ozone (0O3)

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

INCOMING SOLAR RADIATION

OUTGOING

INFRARED RADIATION

|

ULTRAVIOLET VISIBLE

INFRARED |

MICROWAVE

|
|
|
la |
|
|
|

v

TOTAL
ATMOSPHE

0.1

0.2 0.3,0.4 0.6,0.81 15 2

3 456 810
WAVELENGTH (um)

= Ozone absorbs close to 100% of the Sun'sincoming ultraviolet rays
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= |talsostrongly absorbs the wavelengths of the outgoinginfrared radiation leaving the Earth's ,
atmosphere, between 9 pmand 10 pm
= However, itis not a significant contributor to the greenhouse effect asitis found in much smaller Your notes

concentrationsinthe atmosphere

Carbondioxide (CO»)

= Carbondioxideis agood absorber of infrared radiation with wavelengths between 1.5 - 30 um

= |nparticular, it strongly absorbs radiation with a wavelength of 15 pm

= Theincreasing concentration of carbon dioxide in the atmosphere makes it one of the most significant
contributors to the greenhouse effect

Water vapour (H,0)

= Watervapouris the best absorber of infrared radiation with wavelengths between 0.8 - 35 um
= The concentration of watervapourin the atmosphere increases as the airbecomes warmer

Total atmosphere

= Qverall, most of the ultraviolet, infrared and microwave radiation is absorbed by the atmosphere
= The atmosphere is mostly transparent to incoming visible radiation, which means that the gasesin the
atmosphere do not absorb oremit much visible radiation
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The Greenhouse Effect

The Greenhouse Effect

While only around 25% of the (primarily short wavelength) solarradiationis absorbed by the
atmosphere onits way to Earth, around 80% of the (long wavelength) re-emitted radiation from Earth
isabsorbed onits way backinto the atmosphere

= Forexample,incoming UV radiationis absorbed by ozone

= Re-emittedinfraredradiationis absorbed by greenhouse gases
This absorbed radiation keeps Earth at a habitable temperature

= However, if thereis animbalance in the chemical composition of the atmosphere, this canlead to

fluctuationsin the Earth’s mean surface temperature

Resonance Model of Global Warming

Incoming radiation from the Sun predominantly takes the form of ultraviolet and visible radiation
Visible lightis not absorbed by the atmosphere, instead, itis absorbed by the Earth’s surface
At night, the Earth re-radiates this radiation asinfrared
Some of thisradiationis absorbed by the Earth’s atmosphere and some of the radiationis reflected
backinto space
The greenhouse gases present in the atmosphere absorb infrared radiation and reflect it back towards
the Earth’s surface

= The higherthe concentration of greenhouse gases present, the more infrared radiation there is

remaininginthe Earth’s surface-atmosphere system

Therefore, heat energy becomes trapped inside Earth’s atmosphere and accumulates

= Thisleadstothe greenhouse effect and anincrease in average mean temperatures on Earth
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SOME EMITTED
HEAT PASSES
THROUGH THE
ATMOSPHERE
INTO SPACE

SUN

SOME HEAT IS

ABSORBED BY CARBON
DIOXIDE, A GREENHOUSE
GAS. HEAT IS RE-EMITTED

THE SUN’S

RAYS ENTER IN ALL DIRECTIONS AND
THE EARTH’S SOME BECOMES TRAPPED
ATMOSPHERE WITHIN THE EARTH'S

ATMOSPHERE. THE EARTH
BECOMES HOTTER AS A
| RESULT

( ENERGY IS
ABSORBED BY
THE EARTH’S
SURFACE AND

<RE-EMITTED AT
LONGER
WAVELENGTHS,
SUCH AS INFRARED

| RADIATION (HEAT)

N\ ATMOSPHERE
#

~ P

Greenhouse gases absorb the long-wave radiation emitted by Earth, warming the atmosphere

Molecular Energy Level Model

= The greenhouse effect occurs due to the particular molecular structure of greenhouse gases
= High-frequency UV lightis energetic and able to break bonds within molecules
= |nfraredlight, onthe otherhand, causes atoms to vibrate
= The greenhouse gases have a natural frequency that falls in the infrared region
= This means when they absorb infrared light, they begin to resonate, causing the molecules to heat
up
= Theyabsorb theinfrared radiation and subsequently emit it back towards the Earth’s surface
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Solar radiation is primarily short-wave, while the radiation that is re-emitted by earth is long-wave
radiation
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The Enhanced Greenhouse Effect

= Human activity is increasing the number of greenhouse gases in the atmosphere:
= Carbondioxide (CO>) levelsinthe atmosphere have increased by more than 100 parts per million
(ppm) to 420ppmin 2020
= |ncreased amounts of greenhouse gases have led to the enhanced greenhouse effect:
= |esslong-wave radiation (heat) can escape the atmosphere
= Average globaltemperatures have increased over 1°C since pre-industrial times

AVERAGE TEMPERATURE ANOMALY, GLOBAL

GLOBAL AVERAGE LAND-SEA TEMPERATURE ANOMALY RELATIVE TO THE
1961-1990 AVERAGE TEMPERATURE MEDIAN

I I I I I I I I 1
1850 1880 1900 1920 1940 1960 1980 2000 2018

THE RED LINE REPRESENTS THE MEDIAN AVERAGE TEMPERATURE CHANGE,
AND GREY LINES REPRESENT THE UPPER AND LOWER 95% CONFIDENCE
INTERVALS

The average global temperature has risen remarkably in the past 100 years

Page 15 of 20

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

s

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

GREENHOUSE EFFECT ENHANCED GREENHOUSE EFFECT
LONG-WAVE LESS LONG-
RADIATION (HEAT) WAVE RADIATION

THE EARTH. THE ATMOSPHERE

|
i
[
|
Q'S GIVEN OFF BY | (HEAT) ESCAPES 1,
i
|
|
|

SHORT ~WAVE
RADIATION FROM
» THE SUN PASSES
‘| THROUGH THE

SHORT -WAVE
RADIATION FROM
THE SUN PASSES
THROUGH THE

ATMOSPHERE - ATMOSPHERE
[ i

SOME HEAT | MORE HEAT
IS ABSORBED IS ABSORBED
BY THE o s BY THE
GREENHOUSE 1 GREENHOUSE
GASES ) i GASES

I
LAYER OF - INCREASED
GREENHOUSE » . ° GREENHOUSE
GASES | GASES

I

The greenhouse effect arises due to natural causes, but the enhanced greenhouse effect arises due to
human activity

Human Sources of Greenhouse Gases

Greenhouse

Sources from human activity

Carbon Dioxide| = Burning of fossil fuels - power stations, vehicles
(COy) = Burning of wood
= Deforestation - trees utilise CO5in photosynthesis. The fewer
trees there are the less CO, isremoved from the atmosphere
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Methane (CH4) | = Decay of organic matter - manure, waste inlandfill, crops

Nitrous Oxide | = Artificial fertilisers
(N2O) = Burning fossil fuels

@ Worked example

Which of the following is the result of the enhanced greenhouse effect?
A. increasing global average temperature due to natural causes
B. decreasing global average temperature due to human activity
C. increasing global average temperature due to human activity
D. decreasing global average temperature due to natural causes

Answer: C

= The enhanced greenhouse effect causes the average global temperature toincrease andis the
result of human activity
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Energy Balance Problems /

Your notes

Energy Balance Problems

= |tisusefulto considerEarth’s energy balance in terms of how much incoming energy from the Sunis
used and how muchisreturned to space
= [fincoming and outgoing energy are in balance, the Earth’s temperature will remain constant
= This canbe used to create models which can help climate scientists predict temperature fluctuations
based on current andincreased concentrations of greenhouse gases
= Atit's simplest, the modelinvolves a one-layer atmosphere above the Earth’s surface
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@ Worked example

The diagram below shows a simple energy balance climate modelin which the atmosphere and the
Earth’s surface are treated as two bodies.

344 W2
e=0.720
L ATMOSPHERE 242 K
ATMOSPHERIC
Depina SOLAR RADIATION
A4 AV
EARTH'S SURFACE 288 K

The Earth’s surface receives both solar radiation and radiation emitted from the atmosphere.

At current atmospheric greenhouse gas concentrations, the temperature of Earth’s atmosphere is set
toincrease by 6 K.

Data for this model:

Current mean temperature of the Earth’s atmosphere =242 K
Current mean temperature of the Earth’s surface = 288 K
Solarintensity per unit area at top of the atmosphere = 344 W m~2
Emissivity of the atmosphere, e =0.720

Albedo of the atmosphere,a=0.280

Use this data to estimate the increase in temperature of the Earth’s surface.

Answer:

Step 1: List the known quantities

Solarintensity above atmosphere, I, = 344 W m~2

Emissivity of the atmosphere, e =0.720

Emissivity of the surface, e =1

New temperature of Earth’s atmosphere, T, =242 + 6 =248 K
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= Stefan-Boltzmann constant,0=5.67 x 10-8 W m-2K-4
= |ntensity absorbed at the Earth’s surface =I5
= New temperature of Earth’s surface = T
Step 2: Calculate the solarintensity absorbed at the Earth’s surface

= This canbe calculated using the emissivity and the solarintensity above the atmosphere
ls=exl,

ls=0.720 x 344 =247.68 =248 Wm~2
Step 3: Write the equation for the power per unit area emitted by a body

= Sinceintensity = power perunit area
|=eoT?

Step 4: Calculate the new intensity radiated by the atmosphere
[=0.720 x (5.67 x1078) x 2484 =154.43 =154 W m~2
Step 5: Calculate the new intensity absorbed by the Earth’s surface

= Theintensity absorbed by the Earth’s surface is a sum of the solarradiation that reaches the
surface plus the intensity radiated by the atmosphere
New intensity, Is =248 +154 =402 W m-2

Step 6: Calculate the new temperature of the Earth’s surface

= The Earth’s surface can be assumed to be ablack body, hencee =1
ls=oTs?

400=(5.67 x1078) x T¢*

400
Te= it — =290K
5.67X 1078

Step 7: Determine the increase in temperature

AT=290-288=2K

O ExaminerTip

In simplified climate models, you can generally assume the Earth’s surface and the atmosphere:

= Actasblackbodies - this means the emissivity of the surface willbe equalto 1!
= Remain ataconstant temperature
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