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Surface area: 510 X 1012 m2 

Oceans: 360 X 1012 70% 
Land: 150 X 1012 30% 
More land surface in the Northern Hemisphere than in the Southern Hemisphere 
Highest point of land (Mt. Everest): 8935 meters 
Average height of land: 800 meters 
Average depth of the ocean: 3800 meters 





1. The Layered Structure

Log P = -0.06 A

P: pressure in bars
A: altitude in km

F = M (g)

g=980 cm/Sec2





Sunset, June 15, 1991. Following the Mt. Pinatubo eruption, the Space Shuttle Atlantis 
imaged volcanic dust in the atmosphere. Most of the ejecta was in two layers at about 
32 km.  The roofs of the convection-driven thunderstorm clouds mark the top of the 
troposphere at approximately 13 km. (Image from NASA).
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From: F. T. Mackinzie 2002



From: F. T. Mackinzie 2002

Sulfur aerosols in the stratosphere—the Junge layer



The Material Composition of the Atmosphere





















3. Biogeochemical Reactions in the Troposphere

(1). Ozone and Hydroxyl radicals
Given that some ozone is mixed into the troposphere from the 

stratosphere, photochemical reactions can add more ozone to the troposphere, 
such as these even in relatively clean air:

NO2 +hv (sunlight) NO + O  

and,  O + O2 O3,

so the net reaction is:

NO2 + O2 NO + O3

It follows approximately this quantitative relationship:

O3 (ppm) = 0.02 [NO2 ] / [NO]        Seinfield (1989)

NO2 and NO together are called NOx .  Some pollutants act like NOx .



3. Biogeochemical Reactions in the Troposphere-continues

(2). Hydroxyl radicals
Once certain level of ozone presents in the air hydroxyl radicals are 

produced:
O3 +hv (sunlight) O2 + O  (‘D)

and,  O(‘D) + H2 O 2OH,

and, 2OH + 2O3 2HO2 + 2O2,

and, 2HO2 H2O2 + O2

All these hydroxyl radicals are short-lived oxidizing agents which react with 
many other compounds (CO, CH4 , NO2 , SO2 , and hydrocarbons) in the air.

When the air is polluted with more NOx , hydrocarbons, or other similar 
pollutants, but without clouds, many photochemical reactions are elevated and 
entangled, and more ozone is produced as a result.  So a clear sky and a heavily 
polluted troposphere is proven harmful to human health.









A Dobson unit (DU) is the most basic measure used in ozone research.  The unit is named after 
G.M.B. Dobson, one of the first scientists to investigate atmospheric ozone (~1920 - 1960). He 
designed the 'Dobson Spectrometer' - the standard instrument used to measure ozone from the 
ground.  1 DU = 0.01 mm thickness of pure O3 at STP (0ºC &1 atm pressure) for the whole 
column of air.  A global mean concentration of 1 ppb of tropospheric O3 =0.65 DU.  

~36 DU for Northern Hemisphere (1999); ~32 DU for Southern Hmisphere; ~25 DU pre-industrial







4. Biogeochemical Reactions in the Stratosphere

Ozone Generation and Destruction:

In the stratosphere, oxygen absorbs ultraviolet sunlight (hv) in the wavelengths 
of 180-240 nm and produces ozone:

O2 +hv O + O,   
and 

O + O2 O3

Concurrently, ozone is destroyed when it absorbs uvB (200-320 nm):

O3 + hv O2 + O
and

O + O3 2O2

Ozone in the stratosphere can be destroyed faster when some catalyst-like 
agents are present such as NO (from oxidation of N2 O), OH, and Cl/F (from 
CFCs).









5. Atmospheric Deposition



Na+ (mg/L) Average July 1955-June 1956









6. Brief Introduction to the Global Climate









Coriolis Effect



Northern Hemisphere

Southern Hemisphere Coriolis Effect



Coriolis Effect







GCMs



Let us discuss the research paper on black carbons in the air



Aerosol optical depth gives a measure of opaqueness caused by aerosols in 
a medium (atmosphere) to radiation passing through it.



Greenhouse effect excluded?

Little changes with “white” aerosols 
if SST is fixed.

Greenhouse effect is included.



BC heats the air, strengthens local convection 
and precipitation, and causes surface cooling.



Increased precip. is reproduced
if BC is included.

Increased precip. is not reproduced
if BC is excluded.
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