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Climate change: Lecture 2

Greenhouse gas effect

Anthropogenic GHG emissions
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http://www.livescience.com/37743-greenhouse-effect.html
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Greenhouse 
gases

If global warming 
continues unchecked, it 
will cause significant 
climate change, a rise in 
sea levels, increasing 
ocean acidification, 
extreme weather events 
and other severe natural 
and societal impacts, 
according to NASA, the 
EPA and other scientific 
and governmental 
bodies.
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Atmosphere
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GHG emitters
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WORLD CO2 EMISSIONS STATISTICS IN 2010
S.N. Country Mtoe CO2

1 China 7 366

2 United States 5 380

3 India 1 626

4 Russia 1 585

5 Japan 1 058

6 Germany 754

7 South Korea 545

8 Canada 522

9 United Kingdom 491

10 Saudi Arabia 452

Source:: http://yearbook.enerdata.net/2010-energy-consumption-data.html#/2010-CO2-emissions-data-
from-fuel-combustion.html
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http://www.climatechangeconnection.org/emissions/GlobalchangesinGHG.htm
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ALBEDO

• Albedo: reflection coefficient can range from 0 (no 
reflection) to 1 (100% reflection).

• On average earth has an albedo of 0.3 in the visible 
range.

• A (visible) = 0.3: 1/3rd from earth’s surface, 2/3rd

from atmosphere.

• A (IR) ~ 0
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Simplified scheme of the Earth radiation balance
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L – solar constant (1367 W/m^2)
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EARTH AS A BLACK BODY 
(Zeroth Order Model)

• Solar Flux Ω = 1,372 W/m2 (at a point directly under the sun)
• Average Flux = Ω/4 (Average over day and night and over all latitudes)
• Surface area: 4πR2; Perpendicular are (disc) = πR2

• Stefan-Boltzman Law describes the relationship between temperature of 
black bodies and their rate of radiation

• F = σT4

F is radiant energy output (units energy per unit time per unit area)
T is the absolute temperature of the object in Kelvins
σ = 5.67 x 10-8 J/m2 sec K4

• Fin = Ω/4; Fout = aΩ/4 + σT4

• T4 = (1-a) Ω/4σ
• Black body temperature of the earth, To = 255K

Lecture 2

Why is it one quarter?
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This is because the full energy does not vertically hit the full Earth surface, but only the 
cross section of the Earth. We know that half of the Earth is always in the night and the sun 
radiation under a low angle is weaker. Since the cross section of a sphere is one fourth of 
the surface of a sphere the total energy on the Earth surface is R = 1/4 L = 342 W/m2.
(L is solar flux = 1367 W/m2)
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Past atmosphere Past atmosphere
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Future atmosphere
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Sources of greenhouse gas
GHG Sources

CO2 Natural: ocean, volcano, decomposition
Anthropogenic: fossil fuel burning, exhaust

CH4 Natural: aerobic decomposition (wetland, cows, etc.)
Anthropogenic: fossil fuel burning, agriculture

N2O Natural: soil and ocean
Anthropogenic: fertilizer (nitrification of ammonium)

CFC/ 
HCFCs

Natural: x
Anthropogenic: refrigerant, aerosol propellent

O3 Natural: photolysis
Anthropogenic: NOx + VOC

SF6 Natural: x
Anthropogenic: insulator for high voltage equipment
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Earth surface temperature considering GHG emissions

• Incoming energy from sun: 
(1-a)*S*π*r^2 (energy absorbed) 

• Outgoing energy from the earth: 
4*π*r^2*ε*σ*T^4 (Energy emitted), ε – emissivity

• (1-a)*S*π*r^2 = 4*π*r^2*ε*σ*T^4
• (1-a)*S = 4*ε*σ*T^4
• T^4 = (1-a)*S/(4*ε*σ), by taking S=1367W/m^2 and 
ε=0.612 we get

• T^4 = 6.89E+09 K^4
• T = 288.15 K = 15.15°C
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Conclusions
• Warming of the climate system is unequivocal, as is now 

evident from observations of increases in global average air 
and ocean temperatures, widespread melting of snow and 
ice, and rising global average sea level.

• An increase in global temperature will lead to global climate 
change. 

• Not all the climate changes will in the end be adverse. While 
some parts of the world experience more frequent or more 
severe droughts, floods or significant sea level rise, in other 
places crop yields may increase due to the fertilising effect of 
carbon dioxide.

• Increasing demand of energy leads to more consumption of 
fossil fuels which ultimately increases the emission of 
greenhouse gas to the atmosphere.
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Homework

• Reading materials:

• Chapters 2 and 3 from ebooks on
– Energy and climate

– Global warming
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