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Layers of the atmosphere
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Chemical composition of the lower
atmosphere

Nitrogen 78%

/ﬂl}'ﬂﬂ'ﬂ 20

Carbon dioxide and
other gases .03%

nert gases (mainly
argan} .87%

Water vapor 1%



Atmosphere layers




The Earth’s energy budget: the Solar Constant
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Entry pointinto atmosphere:
Intensity ~ 1,350 Wim2

Solar constant: 1,366 W/m?



Solar heating Is uneven

Different amounts fall on different parts of the earth
*Depends on the angle of the sun
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The earth’s energy budget

incoming solar radiation (340 W/m?)

absorbed in the atmos 131‘3 23%




The surface energy budget

net solar energy

absorbed at the surface




The atmosphere energy budget

23%
incoming energy
absorbed in the atmosphere

5%

convection




The earth’s energy budget
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The greenhouse effect

Increasing greenhouse gases trap more heat

Outgoing longwave
radiation

Surface longwave Absorbed by
radiation e surface
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The greenhouse gases

Greenhouse gases

Carbon dioxide
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Methane
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Sulfur hexafluoride







Observed changes

Difference ("C) from 1961-1990
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Figure 3.1. Annual anomalies of global land-surface air temperature (°C), 1850 to 2005, relative fo the
1961 to 1990 mean for CRUTEM3 updated from Brohan et al. (2006). The smooth curves show decadal
variations (see Appendix 3.A). The black curve from CRUTEMS is compared with those from NCDC (Smith
and Reynolds, 2005; blue), GISS (Hansen et al., 2001; red) and Lugina et al. (2005; green).
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Greenhouse gases are increasing

Carbon Dioxide Variations
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Global circulation models say: it is humans

horizontal grd (latitude - longitude)

vertical arid (height or pressure)

Physical Processes in a GCM
armosphere -
: solar
advection radiati

0 heat water LlNN =

¢ ¢ terrestrial

radigrion

advection



Consensus?
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Projections

Global surface warming (°C)
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The troposphere




Alr temperature

Inclination of incoming radiation.
Altitude.

Presence of large water bodies.
Aspect.

Type of surface.

Clouds and dust.

Urbanization.




Atmospheric pressure

* The force exerted on a unit of
surface by the column of air
above it.

* Unit of measure: the millibar
(mb).

* Average atmospheric pressure:

1013.2 (mb).

e Measured with barometer

Mercury -

— -Vacuum

76 cm (29.92 in.)




Isobaric maps




Winds and high/low pressure systems




General circulation of the atmosphere

Puzzle: Why are so many deserts found near 30° latitude?
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Solar heating Is uneven

Different amounts fall on different parts of the
earth

*Depends on the angle of the sun
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Uneven heating leads to uneven air pressure

Cold air sinks,
creating HIGH Slmpllfled circulation

pressure / * 4\

// \\

\\ /




But the earth Is spinning too...

rapid rotation: significant coriolis effect

no rotaton: o corolis effect

On a planet with little or no rotation, the global air circulation pattern is very simple.
On a planet with rapid rotation, the coriolis effect creates large-scale eddies with
belts of wind and belts of calm.



More on Coriolis forces...
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Landmasses play a role as well
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Warm air holds more moisture than cold air

Evaporation (add
energy)

Liquid < Gas
Condensation (release
energy)

=aturation vapor pressure over water surface
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Saturation vapor pressure

*“The saturation vapor pressure is the static pressure of a vapor when
the vapor phase of some material is in equilibrium with the liquid
phase of that same material.” (Wickipedia)

rate of condensation = rate of evaporation
often occurs right at the surface of liquid water (or of a water droplet)




Hadley cell moves air
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The Big Picture

Subpolar low:

Polar h Ferrel
Cool and wet \ =5 /
: .-_.;;:: easterhe: ;':\ :

Subtropical high:
Sunny and dry



Elevation also influences climate
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Orographic effects and rain
shadows

Environmental
temperature
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Figure 4.13. The arrangement of orographically modified macroclimates, or high-
land climates, is distributed as a result of mountain building rather than latitude
and therefore cuts across other latitudinally based climates.



L atitude

s . Subpolar low 60°N

Westerlies

Subtropical high 30°N



In the winter, the westerly flow dominates all
of western and central North America
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Pacific winter storm

This GOES-10 image shows a low pressure system over California that dumped more than 7 inches of rain on parts
of the state on Wednesday and Thursday. The storm has reportedly caused major power outages, dangerous mudslides
in the mountains, flash-flooding, and hazardous traveling conditions. CREDIT: NOAA
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In the summer, SW and SE flow become
Important




Summer
thunderstorm
S In the
Great Plains
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Figure 5.23. Effect of alfitude on precipitation across the western United States at
approximately 38° N. From Bailey (1941), p. 192.



o
~

Very cold and dry

e *—, k"flb‘::,r_.

o

Con & wet
o
N |

SvBT RefIWL
picery de

Warm & wet



\

% P’r":"{\?—\
: > )’\};}‘
g

it \;\,
maritime ¥

maritime

subtropical Dl

subtropicafl ©




Climate diagrams
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Periodic winds: monsoons
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Sea breeze




Mountain breeze

Valley Breeze Mountain Breeze
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Absolute versus relative humidity

Evaporation (add
energy)

Liquid < Gas
Condensation (release
energy)

=aturation vapor pressure over water surface
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Condensation and inverse sublimation
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Condensation

Fog and clouds




Inverse sublimation

Hoar




Cloud types
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Cloud formation: adiabatic cooling

Adiabatic cooling is cooling without heat transfer
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Convective cooling

4. Water Vapor in rising air
parcels condenses
to form cloud water

Convective

Clouds

1. Sunlight warms surface, & evaporates water




Convective cooling
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Synoptic cooling

Cold front Warm front
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Cold air Warm air ~ Warm air



Altitude (m)

Orographic cooling
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How does rain form?

Inverse sublimation Coalescence
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Hail formation




Precipitation regimes

Equatorial: high precipitation,
uniformly throughout year
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Weather in the tropics: cyclones

Descending

(o

Low pressure




Latitude

Cyclones move from East to West




The “sides” of a cyclone




Mediterranean tropical cyclones




