Topic #8
ATMOSPHERIC
STRUCTURE & CHEMICAL

COMPOSITION

All about the GASES IN THE
ATMOSPHERE, esp.
GREENHOUSE GASES!

Class Notes pp 37- 41

also we’ll be referring back to p 32-35 occasionally



dailywildcat...

Overheard: Sept 22
Tuesday, September 22, 2009

(Walking out of natural sciences 101:
Intro to Global Change)

“Guy on phone: | don’t get why she
talks about global warming all the
time. It’s not even real.”

— ILC
WHERE ARE WE HEADED & WHY?



GOAL: Enhanced Understanding Of Global Change Science,
How It Operates, & What It Means To Me Personally

Future
projections

Present
OBSERVATIONS

Global Climate

hysical Science
foundation

(matter& energy, electromagnetism,
ermodynamics, laws of motion

\\!
RS
. How it links

to my life

How science
iIs done The Science of

Global Change This figure ison p 7
of Class Notes




TODAY’S CLASS

KEY GLOBAL CHANGE ISSUES FOR
TODAY’S CLASS:

1. Gases that contribute to the
GREENHOUSE EFFECT & where they
come from

2. Intro to some aspects of “OZONE”
(as a Greenhouse Gas & in relation to
the “Ozone Hole” (Depletion of
Stratospheric Ozone)




Things you’ve seen before that will all
come together under this topic:
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OBJECTIVES:

To understand:

-- the VERTICALSTRUCTURE of the
atmosphere & its relationship to temperature

-- which GASES are in the atmosphere
-- where they are concentrated, and
-- why gases at different levels are

linked to the Greenhouse Effect
& Ozone Depletion




We travel together, passengers in a
little space-ship, dependent on its
vulnerable supplies of air and soil.

~ Ad/ai Stevenson




CLASS CONCEPTS SELF TEST
KEY:

= represents Solar
VIV shortwave (SW) radiation

= represents Terrestrial longwave
N W) (infrared IR radiation)

%%+ | =represents the atmosphere
2l | andits gases

(Recall: these gases can absorb
and emit certain kinds of
radiation: Radiation Law #6)

p 35




Q1. Which diagram shows shortwave (SW) solar
radiation being reflected BACK to space?
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SW reflection would look like this: ‘%7’99;
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SUN Q2. Diagram A shows LW
. -~ radiation “bouncing off” the
SOLAR ,
sHORTWAVES  gases in the atmosphere
7

TERRESTRIAL
: WAV

(i.e. being reflected back to the
surface by the gases without
being absorbed by them.)

s this an accurate depiction of
how the Greenhouse Effect
A works?
CHOICES: YES PARTLY
52 OH NO !
. p 35




, SUN
Q3. Diagram B shows

LW radiation being
absorbed and them
emitted by the gases in
the atmosphere.
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Q4. Diagram C shows LW
radiation going right through
the atmosphere out to space.

Is this an accurate
depiction of how the
Greenhouse Effect works?




Q5. On the diagram that you think best depicts the
processes involved in the GREENHOUSE EFFECT,
circle the specific part of the diagram that
represents the Greenhouse Effect.
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Modified Cartoon of Solar (SW) & Terrestrial (LW)

wavelengths of radiation: (3) Some IR

(1) Some Incoming rad.iation is
SW radiation from emitted from the

the SUN goes right &) (D ©) Earth’s surface
through the LAR g right out to
atmosphere to Earth SO space th"Olf’gh
(w/o being absorbed) SHORTWAVES | IR window
P
TERRESTRIAL /
| LON GWAVES‘
(5) Some IR (4) Some IR
radiation is radiation is
absorbed by GH absorbed by GH

gases in the

atmosphere, but is atmosphere and
emitted out to R IYRE.V- { C =l R emitted back to
space (not back to RTINS Earth

Earth) T () R

gases in the

(2) The Earth absorbs SW P 35




Modified Cartoon of Solar (SW) & Terrestrial (LW)

wavelengths of radiation: (3) Some IR

1) Some Incomin radiation is
(SV)V radiat - ? \ amitted from the
the SUN g h’s surface
through tt tout to
atmosphe BUT WHAT ABOUT oo Hrouan
(wl/o being vindow”

INCOMING SOLAR SW?
IS IT DEPICTED

radiation tion is

absorbg rbed by GH

gases in s in the

atmosph sphere and

emitted e r (A 1ot .ed back to

space (not back to
Earth)

Earth

(2) The Earth absorbs SW P 35




Radiation flux (W/m?/pm)
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Shortwave SOLAR

radiation
(SW) = UV + VIS + Near IR
Solar SW
I Vliisgiﬁ'te wavelengths:

Visible light : 44%
UV : 7%

!
g Near IR: 37%
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How do we correct the
depiction of incoming SW?

Some SW gets ~ SOLAR
absorbed on its ﬂ"ORTWAVES

way down to the TERRESTRIAL/

surface! NS LONGWAVES
\. "X Some'SW- /:
bsorbe B

(in addition to

terrestrial LW (IR)
radiation being NG G
absorbed in the GHE) .:;:-_:,:-.:',’-:'s;-" Mgl

Earth absorbs SW
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EEGIONS OF THE ATHOSPHEEE

W hrisible sundizht ME SOSPHERE

STRATOSPHERE

S1km
130 mil=s)

raD- 13 km
125 - 1.5 miles)

http://learthguide.ucsd.edu/earthquide/diagrams/atmospherel/index.html




The Vertical Structure
of the Atmosphere
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goF "\ T A
The atmosphere’s ol Mesopause
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p 38




“TRy Sally’s Maroon THermals”

...or
think up
your own!
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Atmospheric §§ """""""""""""""""""""""""
Pressure = E ol ]
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above Vary with Height L —_
B et
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The Vertical Structure
of the Atmosphere
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The changes in wios | .
temperature with i

Thermosphere

height are the result of: | [
N Mesosphere )

differential absorption [T e
of shortwave (SW)
& longwave (LW) ;
radiation || ZOT

Allilude Above Sea Lavel
8 5
1]
8

Stratosphere 1.
"TO SPREAD OUT"

"TO TURN, CHANGE":M
ropospherel .,
E ! m—

Heated "from belo

by atmospheric GASES |-
concentrated at B T I O

-120 -80 40 0 40 80 120 (°PH
re

various altitudes.

p 37




Incoming solar
SW (mostly
visible & near
IR+ UV)

Outgoing
terrestrial

LW (Far IR)
radiated from
Earth’s surface
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Here’s why
these
changes in
temperature
occur =

FIHEATIF
UV & X-rays -t
absorbed by N2 & 02

Thermosphere

Cooler here because
few wavelengths
absorbed at this level
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KEY On its way to the Earth’s
pNCEPT surface, several things can

AP happen to incoming SOLAR
RPN RADIATION:

70\
e TRANSMITTED (to Earth’s surface)
« ABSORBED (by gases, dust, clouds)
« SCATTERED / REFLECTED

* Reflected back to space

e Scattered (and indirectly
transmitted to Earth’s surface)

Take notes




Let’s look closer at the incoming shortwave
+«_(SW) radiation (UV, Visible & “near IR”)

E REEGIONS OF THE ATHMOSPHERE
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REVIEW: The pattern of electromagnetic
wavelengths that are absorbed & emitted by
a particular atom (or combination of atoms)

is called its ABSORPTION SPECTRUM or its
ABSORPTION CURVE

uv
% C-B-A
100

0.2 03 04 06 08 1 e e 3.4 5 6 g 10 20 30

Wavelength, pum \

f— ©

Atmospheric Absorption

The Absorption curve for
Ozone / Oxygen




UV rays <.32 um
very harmful to
life on Earth arrows

1,2+3

255

How incoming
SOLAR
radiation of
different
wavelengths
gets
TRANSMITTED
or ABSORBED
by different
gases

on its way to
the Earth’s

surface

uv Near UV A NearIR 8
UV UV cie  +visible p3
200 | - -
1 2| 3 4 5
L dorbdl T an?r:_nitked Thermosphere
100:- nearly
oy N & undiminisheg Some
EHUP*IIIIOI%IIII[III mellllllablsorlegllll
£ sc¢attering slights
s by O,
Me

by 02

L. absorped. X

ab
by O

e EEEEEEEENENER EENERER

III‘I-

rbed'

Troposphere
0

\ £

10 Transfer and absorption of solar radiation.

1. U'Ir“, A<012 T, absorbed hf Ns and 0O,

2. UV, 0.12 pm = X < 0.78 um, absorbed by O,.
3. UV, 0.18 um = A < 0.34 um, absorbed by O,.
4. Near UV and visible, 0.34 um = A < 0.7 um, transmitted nearly undiminished except

for scattering.

5. Near IR, 0.7 um = A\ < 3 pm, absorbed slightly by O,, and in troposphere by H,O vapor.




REVIEW ...

http://learthquide.ucsd.edu/earthquide/diagrams/atmosphere/index.html
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IN-CLASS
“SELF CHECK”
TIME !!



Q 1 - The atmospheric layer of the
troposphere is important to global climate
change because:

1. it is the layer closest to the

sun, which is the source of
the Earth’s energy

2. it is the layer in which
temperature INCREASES
with altitude in the
atmosphere and where most
of the atmosphere’s ozone
occurs

3. it is the layer in which most
of our weather, heat transfer,
& greenhouse gases occur




Q 1 - The atmospheric layer of the

troposphere is important to global climate

change because:
1. it is the layer closest to the

sun, which is the source of
the Earth’s energy

2. it is the layer in which
temperature INCREASES
with altitude in the
atmosphere and where most
of the atmosphere’s ozone
occurs

. it is the layer in which most

of our weather, heat transfer,
& greenhouse gases occur




Altitude {km)

Q2 - Here are 3 graphs showing “something” varying with
altitude in the atmosphere. Which is which?

-—h

Altitude (krn)
05888883888

A = water vapor
B = pressure
C =temperature

A = temperature
B = pressure
C = ozone concentration

A = ozone concentration
B = temperature in the troposphere
C =temperature in the stratosphere



Q2 - Here are 3 graphs showing “something” varying with
altitude in the atmosphere. Which is which?

-—h

Altitude (krn)
00888883888

Altitude {km)

1. A =water vapor
B = pressure
C =temperature

A = temperature

B = pressure

C = ozone concentration

3. A =o0zone concentration
B = temperature in the troposphere
C =temperature in the stratosphere



Q3 - Here is the graph of
atmospheric pressure vs. altitude,
with “parcels of air” shown to
depict the density of the
atmosphere’s gases at 3 different
altitudes. If the airin Parcel X is e
forced to subside (sink) to the o 2N
altitude of Parcel Z, what will e I
happen to the air in Parcel X?

1

Altitude (kr)
S885883388
X
(ao ‘_0
e ®e
© 00
©e
‘“«ounﬂ“: ¢ ¢ g

22 9,
— °
s o N
% o @
-

it will get more dense and get
cooler

it will get more dense and warm up

it will get more dense, and no
change in temperature will occur



Q3 - Here is the graph of
atmospheric pressure vs. altitude,
with “parcels of air” shown to
depict the density of the
atmosphere’s gases at 3 different
altitudes. If the airin Parcel X is !
forced to subside (sink) to the o Z
altitude of Parcel Z, what will e I
happen to the air in Parcel X?
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it will get more dense and get
cooler

©
it will get more dense and warm up -

it will get more dense, and no
change in temperature will occur




THE
SUSTAINABILITY
SEGMENT

Short video on:

Photographic artist
Chris Jordan




ATMOSPHERIC
COMPOSITION

Which gases?
What concentration?
Which ones are

Greenhouse Gases (GHG)?
Where do the GHG’s come from?

Which GHG’s are changing in
concentration due to
HUMAN ACTIVITIES?




Most Abundant Gases in the Atmosphere

Nitrogen N, 78.08 780,000
6-0 5O
Oxygen 0O, 20.95 209,500
-0 56

Argon Ar 0.93 9,300

{
Total = 99.96%




Next Most Abundant Gases:

Water Vapor 0.00001
. T H,O | (SouthPole) | (.1 -40,000
@ @w | | tod.0
o, . (Tropies)
Carbon Dioxide 360
?-0-@ CO, | 0.0390 (in 1997)
;&mg _ w"; 2 (an.d rising!) 390!

(in May 2009)

Greenhouse Gases'!

p 39




Other Important Greenhouse Gases:

Methane CH, 0.00017 1.7
Nitrous Oxide N,O 0.00003 0.3
Ozone O, 0.0000004 0.01
CFCs CCI;F | 0.000000026 | 0.00026
(Freon-11)
CFCs CCI,F, | 0.000000047 | 0.00047
(Freon-12)

Greenhouse Gases!

p 39




Absorption by ALL the gases in the
atmosphere put together -

i.e. cur\<e\io; /the Whole Atmosphere

-

- — Outgoing LW

thru UV / Vis
atmospheric

thru IR
atmospheric

v

100

Atmosgheric Atmosphere

wIingow closes down

0.2 03 04 06 08 1 | 3 & 5 & 20 30
Wavelength, pm
uv Visible NIR Far IR

Review bottom of p 384




WATER VAPOR

* Arrives in atmosphere naturally
through evaporation & transpiration

* Due to unique guantum rotation
frequency, H,O molecules are
excellent absorbers of IR wavelengths
of 12 um and longer;

Just listen!
. . This info is in
low rotation rate Faster rotation rate Table on P 39




Virtually 100% of IR longer than 12 ym
is absorbed by H,0 vapor and CO,

IS
o ' e

ey .
Graphs on p 38 Class Notes @’ »’
1 ' = :

‘ WHOLE
0

 ATMOSPHERE
1 ] ' ] ] 1 ] V 1 i I I ¥ LR I 1
o2 03 04 05 06 08 1 15 2 3 4 5 6 78910 20 30

—» IRat12 ym

(12 pm close to the radiation wavelength of
10 pm, at which most of Earth’s terrestrial absorbed
radiation is emitted.)

Just listen!




WATER VAPOR (cont):

* H,0 has variable concentration
and residence time in the atmosphere
depending on location and
atmospheric curculatlon

Blue = wettest
climates, lots of
humidity & water
vapor

Yellow = driest 130
climates, less | Average W\ b
[ Annual Rainfall

atmospheric water S (e =
Memet ¢ NLHES  CENTIMETERS /NGIES AETEAS
vapor i

iver 60 [ Ovse GO0 304 nu[‘"‘| s 100
8 e o [ 15 an 200 ez 20 ] s 50
A1 B0 [ 102 o 150 Uniter 10 ] Under 25

Just listen!




At higher air temperatures, H,0 Z
molecules collide & rebound more =
frequently, leading to expansion of the
air & the water vapor in the air.

Hence hot
climates can




. . H,O LIQUID
At lower air temperatures as air (9
gets more dense, H,O molecules @Q

are more likely to bond so that a p&% ©

phase change to liquid water or @()) g’
even solid ice can occur. ~a

..lf{“ (( j} A=

Hence in cooler climates, more of the
available H,0 is likely to be in the liquid or
solid state on the Earth’s surface




WATER VAPOR (cont):

*H,0 is NOT globally increasing in
direct response to human-induced
factors, but if global temperatures get
warmer, H,O vapor in the atmosphere
will increase. . ..

Why ??7?

. . . due to more evaporation
in the warmer climate!

THINK ABOUT THIS!




CARBON DIOXIDE:

* Arrives in atmosphere naturally
through the natural carbon cycle

* Due to unique quantum bending
mode vibration behavior, CO,
molecules are excellent absorbers
of electromagnetic radiation of

about 15 ym ;

@-©-@

\ Y

Bending mode Just listen!
This infois in
Table on p 39




CO, is excellent absorber of
radiation of about 15 um

m———
1

] 1 1 ]
02 03 04 0506 08 1

v.-.n"
I

WHOLE
ATMOSPHERE

! T
20 30

V 1 v I I ¥ IR
15 2 3 4 5 6 78910
Wavelength (um}

I -
(15 um close to the radiation /l'R at 15 uym

wavelength of 10 um, at which most
of Earth’s terrestrial radiation is absorbed

emitted.) See figure on p 34




CARBON DIOXIDE (cont.):

* Has increased dramatically since
the 1800s due to:

(1) fossil fuel combustion: oil, coal,
gas -- especially coal, and

(2) deforestation -- which has the
effect of increasing the amount of carbon
in the atmospheric “reservoir” by reducing
the photosynthesis outflow and increasing
the respiration inflow.

(Deforestation also accelerates forest
decomposition, burning, etc. adding to the overall
respiration inflow.)

This info is in Table on p 39




CARBON DIOXIDE: Trends
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CO, concentration (ppm)

CARBON DIOXIDE --- Trends:
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—

Annual Emissions to the Atmosphere (Pg C)

e . B = B
|

CARBON emissions into the
atmosphere are increasing:

http:/‘'www.whrc¢.org/science’
carbon/carbon.htm

Combustion of Fossil Fuels

- Land Use Change

(mostly deforestation)
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CARBON DIOXIDE (cont.):

* RESIDENCE TIME in the atmosphere of

CARBON ATOMS in the carbon cycle=~12.7
years;

but residence time of CO, GAS MOLECULES
is estimated at about 100 years

Plus it takes 50 to 100 years for atmospheric
CO, to adjust to changes in sources or sinks.

If we make changes now, it will still be

many, many years before the effect will
be felt!

This info is in Table on p 39




METHANE (CH,):
Sources

* Produced naturally in anaerobic
processes (e.g., decomposition of plant
material in swamps & bogs)

* Has increased due to the following
activities: raising cattle / livestock, rice
production, landfill decomposition, pipeline
leaks

* Has relatively short atmospheric
residence time because it reacts with OH
(~10 years)

This info is in Table on p 39




METHANE: Trends
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NITROUS OXIDE (N,O):
Sources

* Produced naturally in soils

* Has increased due to fossil fuel
combustion (esp. diesel), forest
burning, use of nitrogen fertilizers

* Has long atmospheric residence
time (~ 150 years)

This info is in Table on p 39




N20 CONCENTRATION (ppbv)
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NITROUS OXIDE: Trends
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CO, (ppm), N,O [ppb)
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Concentrations of Greenhouse Goses from 0 to 2005
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TO BE CONTINUED. ...



