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1.2.1 Fossil Fuel Perturbations
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Oil Spills

Source: http://www.msnbc.msn.com/id/37330890/ns/gulf_oil_spill/ 5January 27, 2011 FLATE-FESC



1.2.2  Climate Change Variables

1.2.2A Solar Irradiance

1.2.2B Albedo

1.2.2C Greenhouse Effect
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Climate Change

• Climate is described in terms of the mean and 
variability of temperature, precipitation and wind 
over a period of time, the classical period ranging 
30 years.

• Three fundamental ways to change the radiation • Three fundamental ways to change the radiation 
balance of the Earth (i.e: heating/cooling effects)
1. By changing the incoming solar radiation.

2. By changing the fraction of solar radiation that is 
reflected (albedo- changes in cloud cover, 
atmospheric particles or vegetation).

3. By altering longwave radiation from Earth back 
towards space.

http://www.ipcc-wg1.unibe.ch/publications/wg1-ar4/wg1-ar4.html7January 27, 2011 FLATE-FESC



1.2.2A Solar Irradiance

8

Incoming Solar Radiation 
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3.1.1 Solar Irradiance Cycle

9

Sun has an 11-year cycle driven by 

dark sunspots and  bright faculae.

http://www.pmodwrc.ch/pmod.php?topic=tsi/composite/SolarConstant

Current Solar Constant: 1366 W/m2
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1.2.2B Albedo

Reflected Solar Radiation

10January 27, 2011 FLATE-FESC



Surface Albedo

•Clear sky albedo is the fraction of 

the incoming solar radiation that is 

reflected back into space by regions 

of the Earth on cloud-free days. 

Albedo- fraction of solar energy 

reflected back to space.  Earth’s 

is approximately 30%.

http://daac.gsfc.nasa.gov/giovanni/

•Total sky albedo include cloudy 

days.

•Can generate these graphs at: 

Source: http://en.wikipedia.org/wiki/Albedo

CERES-Aqua 2003-2004 data

Snow albedo: 0.7 to 0.9

Ocean albedo: <0.1
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1.2.2C Greenhouse Effect

Alteration of long wave radiation 

from Earth back to space
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• Oxygen (O2) and Nitrogen (N2) comprise about 

97% of the atmosphere and are transparent to 

solar and infrared radiation.

• If there were no other atmospheric gases then:

T= 255K = 0oF (-18oC)

σ= Stefan-Boltzmann constant

a= Planetary albedo

S0 = Solar Constant

T= Temperature

BUT!

Oxygen (O2)

Nitrogen (N2)

Carbon Dioxide (CO2) Methane (CH4)

Water (H2O)

• Some trace gases interact strongly with 
radiation:  Water vapor , Carbon Dioxide, 
Methane plus Nitrous Oxide.  (These are the 
major contributors to greenhouse gases.)

• Clouds interact strongly with radiation

– Mostly  water vapor

– Question: at what wavelength range does the 
water molecule absorb energy? Hint: think of a 
household item.

T≈ 60oF (or 14oC)So instead

Nitrous Oxide (N2O)

=255K + 33K (GHG)
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Greenhouse effect
• Sun radiates energy at the short wavelength scale (visible and 

ultraviolet…these have high energy).

• About 1/3 of solar energy that reaches the top of earth’s 
atmosphere is reflected back to space.

• Remaining 2/3 is absorbed by the surface and atmosphere.

• To balance the absorbed incoming energy, the earth radiates about 
the same absorbed energy out to space…..but is in the longer 
wavelength scale (infrared…lower energy).

SUN

Earth
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Energy Balance: Sun/Earth

Earth’s outgoing radiation falls in 

the infrared spectrum.
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Gases affecting Earth’s outgoing 

radiation in order of impact

1. Water Vapor  

2. Carbon Dioxide

3. Methane

4. Nitrous oxide
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http://earthobservatory.nasa.gov/Features/CALIPSO/CALIPSO2.php
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Earth’s Energy Balance

16

http://ceres.larc.nasa.gov/ceres_brochure.php?page=2
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CERES: Clouds and Earth’s Radiant 

Energy System 

�CERES is an instrument that provides very 
high quality measurements of the Earth's 
Radiation Budget, including both longwave
(Earth emitted) and shortwave (Earth 
reflected) radiation. reflected) radiation. 

�There are four functional CERES 
instruments currently in Earth orbit. 

oTwo CERES instruments are on Terra, 
launched in December 1999. 

oAn additional two are on Aqua, launched 
in May 2002.

http://ceres.larc.nasa.gov/
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•These measurements were acquired by 
CERES sensors during March 2000. 

•The top image shows shortwave 

CERES: Clouds and Earth’s Radiant 
Energy System 

CERES can measure the radiant energy reflected and emitted back into space accurately 
enough to tell scientists which aspects of the Earth’s climate system are changing.

18

http://veimages.gsfc.nasa.gov/187/ceres_monthly_200003.jpg

•The top image shows shortwave 
radiation (sunlight) that is reflected 
back into space by our planet, averaged 
over the entire month. 

•The bottom image shows longwave
radiation (heat) that is emitted by the 
Earth back into space.
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1.2.3 Greenhouse Gases

Carbon Dioxide, Methane, 

Nitrous Oxide
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Carbon Dioxide (CO2)

As recorded in ice cores from Vostok, Antarctica, the temperature

near the South Pole has varied by more than 20 degrees Fahrenheit

during the last 350,000 years. There have been peaks of warmth

approximately every 100,000 years. The temperature and the

carbon dioxide concentrations at the south pole parallel each other.

The rise and fall of temperatures gives rise to the ice

age/interglacial cycle.

http://www.koshland-science-museum.org/exhibitgcc/historical02.jsp
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CO2, Methane, Nitrous Oxide

In 2009: 387ppm CO2

http://www.ipcc-wg1.unibe.ch/publications/wg1-ar4/wg1-ar4.html
21January 27, 2011 FLATE-FESC



Recent CO2 Measurements

In 2009: 387ppm CO2

http://www.esrl.noaa.gov/gmd/ccgg/trends/

Why is there seasonal variation?
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Annual Greenhouse Gas Index

http://www.esrl.noaa.gov/gmd/aggi/

Note units. Although, it is a

more powerful greenhouse

gas than carbon dioxide, it is

found in smaller amounts.

But, note trend!

1 3

Global averages of the concentrations of the major, well-mixed, long-lived greenhouse gases - carbon dioxide, methane, nitrous 

oxide, CFC-12 and CFC-11 from the NOAA global flask sampling network since the beginning of 1979. These gases account for about 

96% of the direct radiative forcing by long-lived greenhouse gases since 1750. The remaining 4% is contributed by an assortment of 

15 minor halogenated gases . Methane data prior to 1983 are annual averages from Etheridge et al. (1998), adjusted to the NOAA 

calibration scale [Dlugokencky et al., 2005].

Note units.
2

4
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NOAA Sampling Locations Worldwide

NOAA Earth System Research Laboratory global cooperative air sampling 

network used to determine the AGGI. http://www.esrl.noaa.gov/gmd/aggi/ 24January 27, 2011 FLATE-FESC



http://dailyme.com/gallery/industry-term/greenhouse-gas-emissions.html25January 27, 2011 FLATE-FESC



Aim for 350ppm CO2 ?

http://arxiv.org/abs/0804.1126v3 26January 27, 2011 FLATE-FESC



1.2.4 Radiative Forcing
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Radiative Forcing
What is Radiative Forcing?

Radiative forcing is a measure of how the energy balance of the Earth-
atmosphere system is influenced when factors that affect climate, such as a
greenhouse gas, are altered.

The word radiative arises because these factors change the balance between incoming solar 
radiation and outgoing infrared radiation within the Earth’s atmosphere. 

The radiative balance controls the Earth’s surface temperature.

28

For a negative
radiative forcing, the 
energy will ultimately 
decrease, leading to a 
cooling of the system. 

The term forcing indicates that Earth’s radiative balance is being pushed away from its normal state.

The radiative balance controls the Earth’s surface temperature.

Radiative forcing is the ‘rate of energy change per unit area of the globe as measured at the top of the atmosphere’, in units 
of ‘Watts per square meter’. 

When radiative forcing from a 
factor is evaluated as positive, the 
energy of the Earth-atmosphere 
system will ultimately increase, 
leading to a warming of the system.

(+) (-)
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From methane oxidation with OH radicals
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Cloud Cover
One of the major sources of 
uncertainty in predicting 
climate change lies in the 
impact of clouds upon the 
radiative energy flow through 
the Earth-atmosphere system. 
The largest uncertainty in 
climate prediction models is 
how to correctly account for 
the effects of clouds.

The complex interaction between a changing climate system and 
the changing cloud conditions is called cloud-climate "feedback."

30

http://ceres.larc.nasa.gov/ceres_brochure.php?page=4

the effects of clouds.

As the Earth undergoes 
changes in its climate, the 
amount of cloud cover as well 
as the physical properties of 
clouds may well change in ways 
that are not yet understood. 

Sensitivity results above indicate that 
relatively small changes in global cloudiness can 
have a large impact on our climate system. For 
example, a 50% increase in carbon dioxide may 
warm the Earth much less than a 50% increase 
in the amount of high cirrus clouds. 

Do clouds decrease or increase global warming? 
Will a warmer climate result in fewer or more 
clouds?

January 27, 2011 FLATE-FESC



Water absorption
Water vapor prevents most UV 

light from  reaching earth from the 

sun.

Water vapor prevents most  

longwave radiation (light) from  

escaping earth.  Greenhouse gas.
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Average total precipitable water

http://www.learner.org/courses/envsci/unit/text.php?unit=2&secNum=5
32January 27, 2011 FLATE-FESC



Temperature changes from mean

http://www.ipcc-wg1.unibe.ch/publications/wg1-ar4/wg1-ar4.html

http://www.350.org/about/science
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http://www.ipcc-wg1.unibe.ch/publications/wg1-ar4/wg1-ar4.html
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Global Carbon Cycle

http://www.ipcc-wg1.unibe.ch/publications/wg1-ar4/wg1-ar4.html
35January 27, 2011 FLATE-FESC



w
g

1
.u

n
ib

e
.c

h
/p

u
b

li
ca

ti
o

n
s/

w
g

1
-a

r4
/w

g
1

-a
r4

.h
tm

l
h

tt
p

:/
/w

w
w

.i
p

cc
-w

g
1

.u
n

ib
e

.c
h

/p
u

b
li

ca
ti

o
n

s/
w

g
1

Important challenges for climate scientists are to identify all the factors that affect
climate and the mechanisms by which they exert a forcing, to quantify the radiative forcing
of each factor and to evaluate the total radiative forcing from the group of factors.
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