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1. Atmosphere Fundamentals 

• Structure 

• Mixing 

• Aerosols 

 

2. Atmospheric Deposition 

• Wet deposition 

• Dry deposition 

• Gas absorption 

• Regional patterns of deposition 

 

3. Atmospheric Models 

• Model classification 

• Limiting factors on model accuracy 

• Consensus results 

• Cooling effects due to aerosols 

 

4. Use and Abuse of Climate Models 

Outline 



~50% of Sun's energy penetrates the atmosphere and is 

absorbed at surface of the Earth and re-radiated 

Thermal Structure of Atmosphere 

(Vapor condensation) 



• Tropospheric mixing time  few months 

• Inter-hemispheric mixing of tropospheric air  1 yr 

• Thus, inter-hemispheric gradients imply large sources 

Atmospheric Mixing 



Transfer Between Troposphere and Stratosphere 

Dominated by rising air masses in tropics 

 

Extreme case: hurricanes  

Carry tropospheric air into  

stratosphere 



Only limited mixing between stratosphere and troposphere, at  

tropopause -- known from mixing of products of atmospheric 

weapons testing: 
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End of atm testing (i.e., input to 

stratosphere) 

Calculate this mixing using residence-time calculations 



Aerosol:  very small particle of solid or liquid suspended in a gas 

 

Range of size: 

• From <10 nm to >100 mm in diameter 

• From a gathering of a few molecules to the size where 

the particles no longer can be carried by the gas 

 

Some of these particles are emitted directly to the atmosphere 

(primary emissions) 

 

Some are emitted as gases and form particles in the 

atmosphere (secondary emissions) 

 

Aerosols Types and Sources 



Soils (dust) 

 

Soil blown into atmosphere 

 large transport of 

continental material 

  

But how much? 

 
1500 x 1012 g/yr (Schlesinger) 

910 x 1012 g/yr (Duce) 

360 x 1012 g/yr (Prospero) 

 

Differ by a factor of 4+! 



Sea spray 

 

Water droplets evaporate and produce large 

particles that settle quickly 

 

Fluxes not well known (~1-10 x 1015 g/yr) 

 

Returns Cl to land 



Volcanic Sources 
 

Source of soils downwind of 

eruptions 
 
Violent eruptions put material in  

stratosphere.  Global dispersion,  

long residence time. 



Soot 

 

• Mostly from forest fires and 

fossil fuel burning 

 

• Biomass burning  1 x1013 g/yr 

from Amazon alone 

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



Rain 

 

Raindrops form on cloud 

condensation nuclei (CCN) 

aerosols (~ 0.2 µm diameter) 

 

 Raindrops: 

• Collide and scavenge other 

atmospheric material  

 

• Dissolve material from 

scavenged solid aerosols 

 

• Absorb atmospheric gases 



Gas-to-particle conversion 

 

SO4
2- (sulfate) aerosol is produced from atmospheric 

oxidation of dimethylsulfide (DMS), which is produced by 

plankton 

 

 

 

Other sulfate aerosol sources include sulfur dioxide from 

combustion of coal and other fossil fuels (SO2    SO4
2-) 

 

Oxides of nitrogen from combustion are converted to nitrate 

aerosol (NOx    NO3
2-) 

 

Oxidation of SO2 to H2SO4 and partial neutralization with NH3 

yields hydroscopic particles rich in ammonium sulfate 

(NH4)2SO4
 

 



Transfer of material from the atm to the earth’s surface 

 

Wet deposition 

  

Rainout: incorporation of material in clouds, requires nucleation 

of raindrops 

 

Washout: scavenging of material by rain as it falls  

 

Inverse relationship between conc of component in atm and 

amount of rain, as continuing rain "cleanses" atmosphere 

 

Smaller drop sizes have higher concentrations.  Thus, fog 

waters can have very high concs of material;  important for high 

elevation coastal plants 

Atmospheric Deposition 



Scavenging ratio (s.r.) =  

 Amount of material in rain (mg/L) * rain volume (L /m3) 

  Amount of material in air (mg/m3) 

 

Use rainvolume to make dimensionless ratio 

 

Can calculate s.r. for each component from  

aerosol and rain measurements 

 

High s.r. for easily scavenged materials (e.g.,  

elements from large particles, soluble gases etc.) 

 

Dust values range from 200 (Atlantic) to 

1000 (Pacific) 

 

Snowfall lowers s.r. (less efficient than rain) 



Can get "local" contamination -- leads to overestimation of 

flux 

 

Some particulate material is readily soluble in ground waters, 

so is important source of nutrients to soils -- especially in 

regions with low release rates of nutrients from soil 

weathering 

Dry deposition 
From gravitational settling of particles 
 
Very important downwind of desert regions  
with loess soils (deposits of silt (2-64 µm 
diameter) that have been laid down by wind 
action) 
 
Collect dry deposition with collectors that close 
during rain 



Gas absorption 

Direct absorption of N and S gases by plants – important in 

humid regions (e.g., Tennessee forest receives 75% of N 

input from absorption) 

 

 

 

Problem with wet/ dry deposition measurements on 

vegetation 

Hard to measure direct impaction of material moving 

horizontally onto leaf surfaces – or upwards onto the lower 

surfaces of leaves 



Regional patterns of 

deposition 

 

Reflect relative importance of  

sources 

 

Coastal regions have high 

sea-salt components (e.g., 

Na, Cl) 

 

Arid regions have high soil  

components (e.g., Ca, Fe) 

Precipitation 



Regions downwind 

of pollution sources 

have high SO4
2-, 

low pH etc. 



 

Can use chemical ratios 

in rain to identify sources 

 

E.g., ratio of element to 

Na is used to identify 

sea-salt component of 

element when you have 

multiple sources 

Enriched 

wrt 

seawater 

Same as 

seawater 



Al and Fe can be used to calculate dust components and, by 

ratio, other elements from dust sources 

 
 

Correlation of H+ and SO4
2- downwind of pollution sources – due 

to oxidation of anthropogenic SO2.  NO3 also can contribute to 

acidity. 

 

Note: equilibrium pH for rain in contact with current atm CO2 

levels = 5.6 

 

Rainfall pH buffered by NH4
+ and Ca2+ from vegetation and soils 

 

 In rain:  H+ = [NO3
- + 2SO4

2-] – [NH4
+ + 2Ca2+] 

 

Globally, 22% of rain acidity is neutralized;  greater in Southern 

Hemisphere (less pollution) 



Sulfate levels in the  

Greenland ice cores 

show recent increases 

matching both global 

and US increases in 

SO2 output: 

SO4
2- and NO3

- recorded in Greenland ice-cores increased 

3 - 4 times since 18th century: 

Laki eruption, Iceland, 

1783 

Tambora eruption, 

Indonesia, 1815 

Deposition of SO4
2- in 

eastern US is 2 – 16 

times background rates 
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Other trace element increases (e.g., Pb, Hg) seen in lake 

sediments from anthropogenic activity 
 

Recent controls on emissions may reduce some materials 

(e.g., Pb);  seen in Sargasso Sea (north-central Atlantic), and 

Danish peat: 

 

 

 

 

 

 

 

Conflicting effects – e.g., N deposition can increase fertility, 

but increased H+ can lead to deficiencies in other nutrients 



Model classification 

1-D models consider vertical column (Z) of atmospheric 

processes, but apply same values to all of the Earth surface 

(i.e., no variation in X or Y) 

 

 

 

 

 

 

 

 

 

2-D models allow variation in parameters or processes along 

one horizontal scale (X or Y) (e.g., latitude) 

Atmospheric Models 



3-D models (General Circulation Models, GCMs) allow vertical 

and horizontal exchange of properties along X and Y 

directions. 

GCMs can show 

fates of parcels of 

air 

 

Can include 

chemical & physical 

processes 

 

The large number of 

chemical rxns can 

make them very 

complex 



Limiting factors on model accuracy 
 

• Initial-condition data 
 

• Computational speed – for complex models, one day of 

model can take nearly a day to calculate! 

Consensus results 

Nearly all models predict atm warming of 1.5 - 5.5˚C from 

increased IR absorption by greenhouse gases 

 

Greatest warming at poles, where IR net loss is greatest 

 

Warming of ocean will absorb heat  increased water 

evaporation  increased greenhouse effect (positive 

feedback) 

 

Expect changes in next century greater than in last 2 Myr  



Currently hard to see global effects from satellite data, 

but regional temperature increases appear 

 

Can see effect from surface-based measurements: 



Cooling effects due to aerosols 

 

Increasing SO4
2- and dust aerosols reflect more incoming 

radiation 

 

Also increase cloud formation through CCN effect 

 

Clouds increase reflectivity, slowing increase in warming 

 

Thus, models now include aerosols  better T predictions 

 
 
 

Radiation balance: 

 Incoming     340 W/m2  

 Natural greenhouse trapping 153 W/m2 

 Anthropogenic greenhouse 2.1 W/m2 

 Increased clouds   -0.3 W/m2 



CLAW hypothesis 
 
• Named for the four scientists who formulated it - Charlson, 

Lovelock, Andreae and Warren (Charlson et al., 1987) 

www.whoi.edu/science/ 

• In the following decade, was the 

subject of >700 scientific papers 

describing the biogeochemistry of 

DMS, its precursors, and the 

connection to earth's climate 
 

• Now have evidence that some of the 

steps within the CLAW hypothesis are 

correct – but we still don't know 

whether the system really operates as 

a negative feedback loop 

• One hint: last glacial max had higher aerosols and lower CO2 -- 

maybe connected through enhanced Fe inputs to ocean, and 

greater oceanic photosynthesis 





All of these factors need to be included in global climate models 



The details of a model can 

greatly affect the results! 
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