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OCN 401

Atmosphere

Atmosphere structure and circulation

Importance of the Atmosphere

Sustains life on Earth

Has evolved as a result of biogeochemical reactions

Is a very dynamic part of the geosphere, hence the earliest to
respond to anthropogenic effects

Circulation transports material between the continents and the
ocean
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Structure of Atmosphere

Is held in place by gravity

F = M (g)
where g is gravity (980 cm/sec2 at sea level)

g is a function of the distance2 i.e. decreases dramatically with
distance, F decreases dramatically with distance

Consequently the overlying mass (i.e. pressure) of the 
atmosphere decreases with distance away from the surface of the
Earth

log P = -0.06 (A), where P is 
pressure in atmospheres 
and A is height above sea level
in km

At sea level log P = 0, P=1; 
at the top of Mauna Kea?
Elevation = 13700 ft = 4.18 km, 
log P = -.251, P= 0.562

Most planes pressurise the 
cabins to ~ 8,000 ft = 0.71 bars

Troposphere contains ~ 80% 
of atmospheric mass
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~50% of Sun's energy penetrates the atmosphere and is absorbed at 
surface of the Earth and re-radiated

Temperature structure of Atmosphere

Atmosphere heated from bottom, 
rising of hot air mixes troposphere, 
temperature decreases away from 
heat source ~ -60˚C at 10 km

Troposphere reaches 10-15 km 
varies with season and latitude 

Cold, not much water vapour

Stratosphere from 15-50 km, 
temp increases due to UV 
absorption by ozone.
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Only limited mixing between stratosphere and troposphere, at 
tropopause (weapons testing)

Important removal processes in stratosphere e.g. CFCs

Thermal instability and mixing of troposphere responsible for 
weather

Most heat at equator → evaporation of water vapour → rising 
air masses → rain → cooling at 30˚N/S  → air descends and 
heats→ deserts at these latitudes
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Tropospheric mixing time ~ few months
Interhemispheric mixing of tropospheric air ~ 1 yr
Thus interhemispheric gradients imply large sources

Transfer between troposphere and stratosphere
Seasonal change in tropopause height in tropics entrains air

Rising air masses in tropics
e.g. hurricanes carry 
tropospheric air into 
stratosphere
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Mean residence time (MRT) = Mass/Flux
Troposphere air input  = 75% mass of stratosphere
MRT stratosphere air = 1.3 years

Composition of atmosphere

Mass of dry atmosphere 5.14 x 1021 g 
(average amount of water in atmosphere= 1.3 x 1016 g)

Nitrogen, Oxygen, Argon = 99%

Relatively unreactive, MRT > atmospheric mixing time, well mixed

Low concentration trace gases have short MRT and variable 
distributions

Pollutants e.g. O3, CO found around cities, reduced gases found 
around swamps etc.
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Carbon  dioxide MRT 5 yrs, seasonal variation, greatest in N. 
hemisphere



8

Soils

Soil deflated into atmosphere 
large transport of continental 
material 
but how much?

1500 x 1012 g/yr (Schlesinger)
910 x 1012 g/yr (Duce)
~358 x 1012 g/yr (Prospero)

its only a factor of 4+!

Aerosols types and sources

Paleo records suggest large variations in dust deposition
correspond to atmospheric CO2 variations
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HNLC regions mostly correspond to low dust deposition regions

Mineral deposition to the surface ocean in g mMineral deposition to the surface ocean in g m-2-2 yr yr-1-1 (Duce et al. 1991) (Duce et al. 1991)

Important for surface water biogeochemical cycles e.g. Fe

Dec-Feb Mar-May

Jun-Aug
Sep-Nov

Optical transparency of the atmosphere
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SeaWifs March 22, 2002

Dissolved Al in Atlantic surface water show maxima where 
Saharan dust exits the African coast 
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CLIVAR cruise tracks occupied 2003-2009

Global estimates of mineral dust input to the surface ocean 
g m-2 yr-1 using surface water dissolved Al 
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Estimates of mineral dust input to Southern ocean 
waters g m-2 yr-1 using surface water dissolved Al 

Aerosols also add other nutrients to land e.g. P to Amazon
Soils of Caribbean islands are largely wind-blown from Sahara
Quartz in Hawaii’s soils is from Chinese deserts
Aerosols affect planetary albedo (reflectivity)
results in
warming of atmosphere over the land (high albedo)
but cooling over ocean (lower albedo)
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Sea spray

Water droplets evaporate

produces large particles that settle quickly

fluxes not well known ~1-10 x 1015 g/yr

Returns Cl to land

Volcanic

Source of soils downwind of eruptions
Violent eruptions put material in 
stratosphere, global dispersion, 
long residence time
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Soot
Forest fires, biomass burning ~ 1 x1013 g/yr from Amazon

http://dionysos.mpch-mainz.mpg.de/smocc/home.htm

May affect rainfall patterns as act as cloud condensation nucleii 
(CCN)
Sedimentary records show recent increase
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Gas to particle conversion

Oxidation of SO2 to H2SO4 and neutralisation with NH3 yields 
particles rich in (NH4)2SO4)

Sulphate also from oxidation of dimethylsulphide from plankton

Others

Coal burning, and other fossil fuel combustion 

Pollution controls in some countries are reducing some aerosols 
e.g. Pb from gasoline

Anthropogenic sources 10-20% of natural aerosols

Particle size

Small particles ~2 µm most numerous, longest residence time
Large particles settle more rapidly, account for most mass but not 
surface area
Mean residence time of all particles ~ 5 days
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CCN

Raindrops form on aerosols > 0.1 µm, 
collide and scavenge other 
atmospheric material 

Dissolves material from aerosol, 
also gases dissolve in rain

Biogeochemical reactions in the troposphere - 
Major constituents

Nitrogen

Nitrogen, very inert, triple bond v strong 945 kJ/mole, hard to 
break cf O2 498 kJ/mole

Reactive, N as NH3, NO3
-, NO2

- is in short supply and at times 
limits plant growth in the ocean and on land

Can form reactive N from N2 by "fixation" through lightning 
→ NO ~ 3 x 1012 g/yr

Bacterial reduction under anoxic conditions → most important 
fixation route  ~200 x 1012 g/yr
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N2 + 8H+ + 8e- +16 ATP  → 2NH3 +H2 +16ADP, uses lots of energy

Synthetic fertiliser production ~ 100 x 1012 g/yr

Balanced by denitrification, happens when no O2 available for 
organic matter diagenesis

5CH2O + 4H+ + 4NO3
-  → 2N2 + 5CO2 + 7H2O

Nitrification alone would deplete the atmospheric N2 in 20 million yrs

N-fixation and denitrification not driven by atmospheric N 
concentrations so biosphere not driving atmospheric N content

Oxygen

Mean Residence Time ~ 4,000  years

Oxygen accumulated from photosynthesis → organic carbon
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Contemporary organic C in plants = 0.03% of atmospheric O2

Long term burial of sedimentary C from oceanic photosynthesis
 balances rest of atmospheric O2

Balance between burial of org C and its oxidation controls 
atmospheric O2 levels at ~ 21%
Is  a link between burial rate and atmospheric O2 levels - through 
deep water oxygen concentrations and atmospheric oxygen levels

--But, rate of photosynthesis is also important, not so simple!

Oxidation of reduced crustal minerals (Fe, S) is another sink for O2 
but does not change with atmospheric O2 levels, i.e. not controlling

Carbon Dioxide

Mean Residence Time 5 years

Affected by rock weathering, photosynthesis and dissolution in the 
ocean

Rate of uptake by plants and ocean function of atmospheric CO2 
levels, therefore buffers atmospheric concs

Weathering uptake is slow, buffers on 100,000 yr timescale

Current increases in atmosphere CO2 
are non-steady-state
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Trace biogenic gases 

Most supplied by biogenic (microbial activity) and anthropogenic 
(combustion, fossil fuel use) activities, most concentrations are 
increasing

Have higher concs than expected with 21% O2 atmosphere

Reactive, short residence times days  → few years

Removal, oxidation in troposphere, wet deposition of products


