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Topic 3

The Atmosphere and Energy 

Balances
Development of the Earth's Atmosphere

Atmospheric Pressure

Vertical Structure of the Earth's Atmosphere

Variable Components of the Atmosphere

Energy in the Earth's Atmosphere

The Greenhouse Effect

Non-Radiative Energy Transfers

The Earth-Atmosphere Energy Balance

Energy at the Earth's Surface

The Urban Heat Island Effect

Chapters 3 & 4
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Development of Atmosphere

Primordial Atmosphere

Evolutionary Atmosphere

Living Atmosphere

Modern Atmosphere

Anthroposphere?

2

Atmospheric Pressure

3
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Atmospheric Pressure

Result of gravity

Pressure decreases with altitude:

decreasing thickness

decreasing density
4

Atmospheric Pressure

Also varies with temperature
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Atmospheric Pressure

and moisture content (i.e. humidity)
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Based on Composition

Heterosphere

Not uniform

Layers sorted by 
gravity, based on wgt

Homosphere

Uniform

Evenly blended, 
single gas

Exceptions?

Figure  3.2a

Copyright © 2013 Pearson Canada Inc.
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Based on Temperature

Thermosphere

Bounded by:

thermopause above

mesopause below

Temperature ↑ with elev.

Absorption of SW

But is kinetic not     

sensible heat energy

So not "hot"
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Based on Temperature

Mesosphere

Bounded by:

mesopause above

stratopause below

Temp ↓ with elev.

Coldest layer, no SW abs.

Space dust

noctilucent clouds
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Based on Temperature

Stratosphere

Bounded by:

stratorpause above

tropopause below

Temperatures ↑ with elev.on 

Ozone absorbs SW

Reradiates LW (heat) nrg.
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Based on Temperature

Troposphere

Upper boundary 

defined by temp.

Temp. ↓ with elev.

90% mass of atm.

All pollutants

Meteorological 

activity

Tropopause acts like a 

"ceiling"
14

Temperature 

Profile of the 

Troposphere

Figure  3.5

Fcn of ↑  distance from 

radiant heat source

Normal rate is an avg.

Env. rate varies with 

pressure and moisture 
15
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Based on Function

Ionosphere

Absorbs gamma rays, 

xrays, UV

4 sub-layers

Expands and contacts

Ozonosphere

Increased O3 (ozone)

Absorbs UV

Reradiates LW

16

Variable 

Transmission

Figure  3.6

Shorter, harmful wavelengths 

absorbed

Most visible light transmitted

Most infrared transmitted but 

often delayed

17

Energy Pathways and Principles

Chapter 4

Transmission 

Refraction

Reflection

Absorption

18
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Refraction

Change in direction and speed

Not wavelength

19

Reflection and Absorption

20

Specular Reflection

Reflects all wavelengths equally

Does not change wavelength: SW ↓, SW↑

21
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Diffuse Reflection

Wavelength dependent

Does not change wavelength: SW ↓, SW↑;

but does change amount in particular wavelengths 22

23

24
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Reflection and Albedo

25

Absorption
EMR not reflected 

is absorbed

So also wavelength 

dependent and 

determined by 

“colour”, texture, 

angle of incidence

SW absorbed and 

converted to heat is 

reradiated as LW
26

Clouds and SW vs. LW Radiation

27
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Clouds and Earth’s “Greenhouse”

Figure  4.9
28
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Short and Longwave Energy Flux
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Heat Transfers

31

Heat 

Transfer 

Processes

Convection – vertical movement

Advection – horizontal movement

Conduction – physical contact

Radiation – transmitted LW EMR

Latent Heat – stored energy

32

Latent Heat

Energy stored or released when water changes state

V. important for transferring heat energy in the atmosphere
33
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Earth-Atmosphere Energy Balance

Figure  4.10 Copyright © 2013 Pearson Canada Inc.
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Actual Energy Imbalance

Due to variations in:

Sun angle, Daylength, Albedo

Net surplus in tropics

Net deficit nearer poles

Drives global circulation and

redistribution of nrg and mass

35

Daily Radiation Patterns

Lag between peak SW 

and highest air temp 

Coolest after maximum 

period of reradiation

What is the longest day of 

the year in Brandon?

What are typically the 

hottest months/weeks? 
36
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Simplified Surface Energy Balance

37

Simplified 

Surface 

Energy 

Balance

NET R (Net radiation) =

+SW (insolation)

- SW (reflection)

+ LW (infrared)

- LW (infrared)

38

Function of SW & LW inputs - outputs and global redistribution of energy

Net Radiation

39
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Net Radiation Expenditures

Net radiation (Q) utilized for:

1.

2.

3.

4.

Ratio of H to LE is called the Bowen Ratio; and 

determines ___________________?

40

Latent Heat Expenditures

41

Sensible Heat Expenditures

42
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Contrasting Radiation Budgets

El Mirage, CA: 

35º N Lat.

hot, dry

Pitt Meadows,

BC:

49 º N Lat.

warm, moist 

Figure  4.21
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The Urban Environment

44

Urban Heat Islands
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