The Atmosphere

= Structure and composition
= Solar radiation budget
= Greenhouse warming




IThe Atmoesphere

The thin envelope of air that surrounds our planet is a
mixture of gases, each with its own physical properties.

http.//www.ucar.edu/learn/1_1_1.htm
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Aurora Borealis from Space

Caused by interaction of high energy
particles from Sun with outer atmosphere.

http://www.doc.mmu.ac.uk/aric/eae/english.html|




Trace gases (1%)

Composition of Dry Air

The atmosphere contains
primarily N, and O,

(78%+21%=99% of total)

Proportional volume of gases composing dry air.
Nitrogen and oxygen obviously dominate.

The COMET Program

The most abundant “trace gases” is the noble gas argon (Ar). Of the other
gases, two of the most important are:

& CO, (carbon dioxide) — the main “greenhouse gas” responsible for

keeping the surface of the Earth warm, also essential for photosynthesis
and thus vital for life

¢ O, (ozone) — found primarily in the upper atmosphere, absorbs
wavelengths of UV radiation that would be dangerous to surface life. When
found at low altitude, it is a major pollutant.

http.//www.ucar.edu/learn/1_1_1.htm



Other Components of the Atmosphere

Water Vapor
Concentrations vary from trace amounts to about

4% in very humid environments (e.g., over the
oceans)

Salt from SO2 from
Sea Spray & Windblown Volcanoes
Bursfing Bubbles Dt

Soot &
Smoke

Deseris &
Volcanoes

Aerosols ,
Tiny particles suspended in the £ oot itais
air. Tend to cool Earth by

reflecting sunlight back to space.
Also very important in
precipitation.

http://earthobservatory.nasa.gov/



Solar Radiation
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Ultraviolet

Almost all energy in the atmosphere

ultimately comes from solar radiation.

http://physics.uwstout.edu/wx/Notes/ch2notes.htm http://paos.colorado.edu/~toohey/study.html



Solar Radiation

Absorption by water vapor
» and ozone

Scattering by
aerosols

ncoming S o The “solar budget”

S Tl sums up the fate of

various portions of

the incoming solar
radiation

f i - s
Reflection/absorption
DY CaArtn s s dCe

Solar radiation can be: reflected, scattered, and/or
absorbed by the atmosphere and/or surface of the Earth.

http.//www.ucar.edu/learn/1_1_1.htm



refraction

1994 The Exploratorium

Sunlight Radiation Scattering
’ {4 l ‘\ \ Light refracts through gases and reflects
R < A W off aerosols in the atmosphere.

M th@fmce%;\ l;;l"tlcllpcs) ;V\' The net result is that the light is scattered in

T " ' all directions. This is why the daytime sky
' scattered LightB - gppears to be uniformly lit.

http://ww2010.atmos.uiuc.edu/(Gh)



Atmospheric Scattering

“Noon ~Shorter
“Wavelengths
” m,&& R0

Shorter wavelengths of light (e.g., blue) refract more than longer
wavelengths (e.g., red), and are therefore more easily scattered. The
thicker the atmosphere through which the light passes, the less blue (and
the more red) the sky will appear.

http://www.doc.mmu.ac.uk/aric/eae/english.htm|




6% scattered from

/" atmosphere

Average SOIar 20% scattered
and reflected 19% absorbed by
by clouds atmosphere and

clouds

e

4% reflected

by surface
51% absorbed
« by earth
i TR&'COMET Program
70% absorbed — -
©19% by atmosphere and clouds
©51% by surface

30% reflected or scattered back to space
®20% from clouds
®6% from atmosphere

®4% from surface

http.//www.ucar.edu/learn/1_1_1.htm
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6% scattered from
/' atmosphere

Py Radiation that is absorbed
and reflected 19% absorbed by by the atmosphere or
by cloud atmosphere and surface of the Earth heats
clouds .
those bodies.

3 4% reflected
by surface
51% absorbed -

/ by earth ?
me Program

The absorbed radiation energizes a number of natural process. Radiation
absorbed by water molecules can cause a phase change (e.g., solid ice to liquid
water or liquid water to water vapor).

Most of the large amount of radiation absorbed by the surface of the Earth is re-
radiated to the lowest level of the atmosphere, heating it. This warm air expands,
causing it to be buoyant, and thus rise into the atmosphere.

A tiny percentage of the solar budget is absorbed by photosynthetic plants, which
use it to make organic fuel (sugar).




Average Solar Radiation Budget

70% absorbed

©19% by atmosphere and clouds
©51% by surface

30% reflected or scattered back to space
®20% from clouds

®6% from atmosphere

©4% from surface

The solar budget differs from place to place on the Earth, e.g., the shiny
white ice surfaces at high latitudes are much more reflective than dark
green rainforests at the equator.

It also changes with climate. During ice ages, more land is covered with
reflective ice, so less radiation is absorbed overall. A good volcanic
eruption will put lots of aerosols in the atmosphere, increase scattering by
the atmosphere.

http.//www.ucar.edu/learn/1_1_1.htm



Temperature Structure of the Atmosphere

Thermosphere — temperature

increases because of interaction with
high energy radiation.

70 |

V) ESOSPIHETE = temperature
60 UECNEASES WItNINCreasing aititude
50

Altitude (km)

s

N
o

Troposphere — temperature

decreases with elevation above the
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http://www.ucar.edu/learn/1_1_1.htm



Structure of Troposphare Troposphere - the highly variable
lowest layer of the atmosphere.

-t
L

»Extends from Earth surface to
approximately 12 km elevation

»Pressure ranges from 1 atm to 0.2
atm.

»Temperature averages 15°C (59°F)
near surface, -57°C (-71°F) at top.

»Average temperature decrease is
called the environmental lapse rate

»Wind speed increases with height up
to jet stream.

»Moisture concentration decreases
with height

Altitude (km)
® =

4

l,

Density / pressure

The COMET Program

http://www.ucar.edu/learn/1_1_1.htm




Greennouse
VVarming

Shortwave
.-R'(zdintiqn-

radiation.

As the heated atmosphere and surface cool, they release
energy as radiation back into the atmosphere. However, it is
not the same wavelength energy as the original solar

Clouds

Atmospleric
~ State




Greenhouse \WWarming

Outgoing Radiation
e N

Net Emission
Emission b
from Surface "~ epoide )

The Earth re-radiates energy as a “black-body” — an object
that emits radiation at a wavelength dependant on its
temperature. The Earth radiates in the infrared spectrum — a
much longer wavelength than incoming solar radiation.




Greenhouse Warming

Several gases in the Earth’s
atmosphere (particularly
water, methane, and carbon
dioxide) are relatively
transparent to short
wavelength radiation (e.g.,
incoming sunlight), but will
readily absorb longer
wavelengths (e.g., the infrared

© water vapor € gases radiation emitted from Earth).

\ ’

@ methane ® carbon dioxide

This re-absorption and re-radiation prevents energy from
escaping back to space, and thus keeps the atmosphere and
surface of the Earth warmer than it would be otherwise.




The Greenhouse Effect

The Eorth is covered by o blanket of
gases which allow light energy from
the sun 1o reach the Earth's surfoce,
where it is converfed to heot energy.
Most of the heot is re-rodiated
fowards space, but some is trapped by
greenhouse gases in the almosphere.
This is a natural effect which keeps
the Eorth's lemperature of a level
necessary 1o support ife.

P

The Enhanced Greenhouse Effect

Humon adivity - particulorly burning
-~ fossil fuels {coal, oil and noturol gos)

ond lond clearing - is generating

more of the greenhouse goses.

Most scientists are convinced that this

will trap more heat ond raise the

Eorth's surface temperature.




Greenhouse \WWarming

Ilhere are many greennouse gasses, Including the very.

Impoertant trace gas canbon dioxide.
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Tthe Carbon Cycle

The amount of CO, in the
atmosphere is controlled by a
complex set of interacting
biological and environmental
processes.

Rool
respiration

The COMET Program

Plants (and other photosynthetic organisms) remove CO, from the air and
use it to produce biochemical energy (carbohydrates, e.g., C,H,,0,). When
these primary producers or their consumers use the biochemical energy, it

is released back into the atmosphere as CO.,.



Tthe Carbon Cycle

202 in ) \ (¢ j};’ Fos;il_‘Fuel . . .
tmosphere </ Buging Some organic matter is semi-
CO,in 7 permanently removed by

Sl Ph°'°SV"‘hesis\ Biomass being buried and converted
/ Decorpesiton e into fossil fuels (hydrocarbons,
| . e.g., methane - CH,). When
885;23 Bl ranss those fuels are burned, the
coal & Ol CO, is re-released into the

Calcareous e tfih

Sediments sLimestone & Dolomite:: atmosphere.
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CO, is absorbed by processes other than photosynthesis
(e.g., limestone formation CaCO,). Some of these processes

are very poorly understood, especially on the global scale.




Major Stores of Carbon on Earth

Store Metric Tons (x109)
Sediments and Sedimentary Rocks ~100,000,000
Ocean ~39,000
Fossil Fuel Deposits 4,000
Soil Organic Matter ~1,550
Terrestrial Plants ~600
Atmosphere (1700) o578

Atmosphere (1999) 766
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Volcanoes {2} Exchange (84) Assimilation (35)
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e eees Peposition {<1)

Combustion (<1}

T
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Tracking the interactions between all of the various groups of sources and
sinks or CO, is quite complex. A linear change in one set of processes may

cause an exponential change elsewhere!




Flux of Carbon (Pg C/yr)
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http://www.blog.thesietch.org/2007/06/24/exactly-where-does-all-that-co2-go-scientists-close-in-on-missing-carbon-sink/



Non-atmoespheric €O, deoes not lead te) warming!

Adds to atmospheric CO,:

Respiration + Fossil Fuel Emission + Land Use Change

1

Photosynthesis + Ocean Uptake + Land Uptake + Missing Uptake

l Takes away atmospheric CO,:




The rate of carbon dioxide accumulation in the atmosphere has
risen at a rather alarming rate when viewed against the historical
trend of the past half million years.

current level —»

For 650,000 years, atmospheric CO, has never been above this line ... untilnow 1950 —»

C()2 parts per million

400,000 350,000 300,000 250,000 200,000 150,000 100,000 50,000

YEARS before today (0 = 1950)

http://climate.nasa.qgov/evidence




This rise in atmospheric carbon dioxide correlates with global
temperature anomalies and global climate anomalies.
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