Greenhouse
Gases







the natural greenhouse effect

Rock (2003)



the atmosphere: Earth, Mars & Venus

MARS
~ too cold

EARTH
~ Just right

VENUS
~ t00 hot

Maslin (2002)



The Atmospheric Composition of Earth

Three main gases:

1. Nitrogen (78.09%)
2. Oxygen (20.95%)
3. Argon (0.93%)

greenhouse gases
— trace gases (0.03%)

— Yet GHGs matter! influence energy
budget/balance

Maslin (2002)



GHGs and the Enhanced
Greenhouse Effect

The most important GHGs:
— carbon dioxide (CO,)
— methane (CH,)
— nitrous oxide (N,O)
— tropospheric ozone (O,)

— chlorofluorocarbons
(CFCs) and
hydrochlorofluorocarbons
(HCFCs, HFCs)

— water vapor (H,0,)



Carbon Dioxide (CO,)

e approx. 70% of
enhanced warming

e has increased ca.
30% since
Industrialization

MacKenzie (1998)



Why Focus on Carbon Dioxide? #1

* Increases directly from human
activities — fossil fuel burning etc.

e contributes most to enhanced
warming

Maslin (2002)

* CO, doubling:
predicted by 2050 (from 280 to 560
ppm)

temp. increase
from 2.5 to 10.4°F



How Much Is Left?



How Much Is Left?
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How Much Is Left?
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Why Focus on Carbon Dioxide? #2

* It Is not destroyed through
chemical reactions
cycling through spheres

 has a long residence time
(a.k.a. atmospheric
lifetime) In the atmosphere
IPCC (2001)

Model T Ford



Residence Times & Inertia



Methane

e approx. 24% of enhanced

warming

e has doubled in atmosphere
since 1700

human activity:
— 20 to 30% of total methane

natural sources:
— 70 to 80% of total methane

runaway greenhouse effect
— methane hydrates

METHANE SOURCES

INSECTS

COAL MINING

LAMNODFILL

OTHER

DOMESTIC
BIOMASS ANIMALS
BURNING




Nitrous Oxide

e approximately 6% of enhanced
warming

e has increased 16% since
Industrialization

human activity:
— 33% of total N,O

natural sources:
— 67% of total N,O

IPCC (2001)



Stratospheric and Tropospheric Ozone

Stratospheric ozone: ‘good’
e UV protection
e destruction from CFCs

Tropospheric ozone: ‘bad’
e a.k.a. smog

e contributes to warming
through photochemical
reactions



chlorofluorocarbons (CFCs) and
hydrochlorofluorocarbons
(HCFCs, HFCs)

CFC residence time:
— 100-200 years

HFC/HCFC residence time:
— 12 years

100% anthropogenic

Montreal Protocol (1987)






Radiative forcing = how much
the atmosphere Is energized
(“warmed”) by certain molecules



Water Vapor (H,O,)

e the most
abundant GHG

e short residence
time ~ dynamic
cycling

MacKenzie (1998)



Residence Time and GWP

residence time (atmospheric lifetime)
time in atmosphere

global warming potential (GWP)

— heat-trapping capacity relative to CO2

— ratio of radiation (heat) change by some kind of GHG
compared to one carbon dioxide molecule

— E.g. for methane, GWP = 20x 1 CO,






another forcing factor

small airborne particles
net cooling effect
CCN activity

natural sources:
— example: volcanoes
— example: sea spray/DMSO

human sources:

— example: coal burning
e connections to acid rain

- Aerosols






Summary



