
Source: 
Houghton, 1989
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Temperature Profile in the Atmosphere

• Surface: Transformation of incoming shortwave radiation into outgoing infrared 
radiation („hot plate“)

• Middle Atmosphere (Stratosphere): Photolysis of ozone and recombination to 
ozone via reaction of oxygen and atomic oxygen, thereby transformation of 
photon energy into kinetic energy which increases temperature
Th h H ti th h i i ti f N d O• Thermosphere: Heating through ionisation of N2 and O2

• On other planets (e.g. Venus) the O2 / O3 – heating mechanism is missing and 
hence the related warming in the middle atmosphere is missingg p g
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Source: Brasseur and Solomon, 1986



Vertical Exchange in the Atmosphere

• Vertical Exchange Coefficient = Eddy Diffusion Coefficient
• In the lower stratosphere the Eddy diffusion coefficient is at its minimum and 

hence vertical mixing is very low („stratified“). The vertical exchange coefficient 
strongly increases with altitude because the air is getting thinner, upward 
traveling waves develop larger amplitudes and lead to more mixing upon 
breaking (and hence more vertical exchange)breaking (and hence more vertical exchange). 

• The troposphere exhibits much stronger vertical mixing than the lower 
stratosphere. The reason is the development of deep convection (i.e. high-rising 
thunderstorms transport air quickly from the boundary layer to the upper p q y y y pp
troposphere).  The tropopause acts as a distinct transport barrier.
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The Ozone Layer
Source: Brasseur and Solomon, 1986
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The Ozone Layer

• Vertical profiles derived from ozone sondes and satellite measurements.
• The ozone concentration (number of molecules per cm3) shows a maximum at 

20 to 25 km altitude, depending on latitude.
• The „ozone layer“ is regarded as the layer between 20 and 40 km, where ozone 

concentration is most abundant.
• The ozone minimum at the tropopause (also referred to as the „ozonopause“) 

varies with latitude, reflecting the height of the tropopause (increasing from the 
Poles towards Equator)
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Source: Brasseur and Solomon, 1986



Absorption of shortwave solar radiation

• Absorption cross section of molecular oxygen (a), ozone (b) (only part of the 
whole wavelength band) and depth of solar radiation penetrating into the Earth‘s 
t h ( ) f ti f l thatmosphere (c) as a function of wavelength

• Strong dependence of absorption cross section upon wavelength
• For wavelengths below 100 nm radiation is almost completely absorbed above 

100 k b t i d l l d l l it100 km by atomic and molecular oxygen and molecular nitrogen
• Between 100 and 300 nm, the main drivers in the absorption of UV solar 

radiation are O2 (O2 + hv  O + O) and O3 (O3 + hv  O2 + O).
• O effectively absorbs UV in distinct bands:• O2 effectively absorbs UV in distinct bands: 

Lyman-α line: 121.6 nm
Schumann-Runge band: 175 – 200 nm
Herzberg continuum: 200 – 242 nmg

• O3 absorbs in the Hartley band: 200 – 310 nm   
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The atmosphere 
UV filt

Source: Falkowski et al., Scence, 2000

as a UV filter
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Coupling vertical and latitudinal coordinates
The Brewer-Dobson circulation or mean meridional circulationThe Brewer-Dobson circulation or mean meridional circulation
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From Brewer’s 
original work 1949


