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Objectives:

To describe the solar radiation and ist interactions with trace 
substances for understanding photochemical processes, climate 
change and the energy budget in the atmosphere as well human
energy resources 

solar spectrum
radiation (solar and terrestrial)
photolysis of molecules
earth energy budget
solar era
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Solar spectrum at upper border of the atmosphere (1) and 
at earth surface (2) with showing the absorbing gases



Spectral distribution of extraterrestrial solar radiation, after WMO (1986) 
 
region wave length 

(in nm) 
radiation flux density 

(in W m-2) 
percentage at total 
radiation  (in %) 

UV-C 100-280                7,0                  0,5 
UV-B 280-315              16,8                  1,2 
UV-A 315-400              84,1                  6,2 
UV tital 100-400            107,9                  7,9 
visible light 400-760            610,9                44,7 
infrared light 760-106            648,2                47,4 
total 102-106          1367              100 
 



Different radiative interactions through the atmosphere

reflexion

absorption

terrestrial
radiation

Sun

direct solar
radiation

scattering

L = h secΘ⋅
h  (height of the layer; vertical projection)

L (length of beam)

Θ (solar zenith angle)
(sec = 1/cos)

scattering

Earth surface (albedo)
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Scheme of the geometry of radiation



Absorption (Lambert-Beer Law)

The German mathematician Johann Heinrich Lambert (1728-1777) found that the 
weakening of a light beam is proportional to the layer thickness: 

∆I   L I⋅∼

dI
dL

 = - m I′ ⋅Lambert Law: Extinction modul m´
.

The German mathematician, chemist and physician August Beer (1825-1863) found that the 
radiation weakenig depends from the concentrations of substance within the medium:

[ ]em = ε X where εe Extinktion coefficient

Combining both observations, we obtain the Lambert-Beer Law: 

[ ]( )0 eI = I exp - ε X secΘ



The extinction coefficient depends from absorption and
scattering of all gaseous and particulate substances:

The radiation absorbed by a substance x is proportional to the 
radiation intensity I and the concentration [X]:

where σ absorption cross section (dimension: cm2 molecule-1). 

g g p p
e a s a sε  = ε + ε + ε + ε

( ) ( ) ( )[ ]abs
x xI λ  = I λ σ λ X



0 10 30 50 70 90

A
kt

in
ic

 fl
ux

on
ea

rth
 su

rf
ac

e
(in

 1
014

ph
ot

on
sc

m
-2

s-1
(5

nm
)-1

)

Solar zenith angle Θ

575 nm

445 nm

402,5 nm

375,5 nm

325,5 nm

312,5 nm

35

30

25

20

15

10

5

0

Wave length depending solar flux for different zenith angles



- hν (emission)

+ hν ( absorption)
AB AB* A + B

+ M (quenching)

photophysical photochemical

Absorption by molecules, dissociation (photolysis) and deactivation
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B       first electronic excited state

(1) direct dissociation from  excited ground state
(2) excitation from ground state into first excited state
(3) radiation transfer into ground state

A                         ground state

Scheme of electronical excitation of a two-atomic molecule, also called  
potential curve of an AB molecule (anharmonic oscillator; harmonic
oszillators showing a parabel curve). 



A + hν → B + C (chemical reaction: mechanism)

Kinetics of a photochemical process

[ ] [ ]A

d A
 = - j A

dt
(first-order rate law)

j specific photolysis rate or photolysis frequency (dimension: s–1) 

j is a function of the spectral actinic flux1 I, the spectral absorption cross section σ and the spectral 
quantum yield Φ over the whole wave length region in dependence from temperature (T). Spectral
means the relation to the wavelength (λ).  

( ) ( ) ( ) ( )
max

min

λ

λ

j λ, T  = I λ σ λ, T Φ λ, T dλ∫

1
The actinic flux is spheric, i.e. photons come from all directions: ( ) ( )

2π π

0 0

I λ  = R λ, Θ, j dΩ∫ ∫

( ) ( ) ( )
iλ

λ=290nm

j = I λ σ λ Φ λ∑Simplified by summing over ∆λ:     
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Diurnal variation of jO(1D) and jNO2 (summer days in 1995 airport Munic, after Reder 1999)

O3 + hν (λ < 336 nm) → O(1D) + O2 NO2 + hν (λ < 420 nm) → O(3P) + NO



Some definitions on energy J = Joule
N = Newton
W = WattEnergy is the capacity to do work (or produce heat)

There are different kinds of energy

Heat is the transfer of thermal energy from one object to another

Radiation is the transfer of energy by elctromagnetic waves from one 
object to another

energy ≡ heat ≡ radiation ≡ work (1 J = 1 N m = 1 kg m2 s-2)

Temperature is an expression of the inner of energy of a system

Power is the rate of energy change (1 J s-1 = 1 W = 1 kg m-2 s3) 

Force is the change of energy on distance (1 J m-1 = 1 N = 1 kg m s-2)

power = force · velocity
force = mass · acceleration
work = power · distance

Climate forcing is expressed by the 
energy flux (1 W m-2 = 1 J s-1m-2)



(+ 3)(+16)

IK/4 ≈ 343 W 
m-2 (= 100%)

IR Rp Rw IR      
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A absorption of terrestrial radiation by gas
molekules (incl. water vapour)
T transmission of terrestrial radiation to
space
I direct olar radiation
Dp diffuse solar radiation by particles
Dw diffuse solar radiation by clouds
Rw reflexion of shortwave solar radiation
at clouds
Rp reflexion of shortwave solar radiation 
particles
RE reflexion of shortwave solar radiation 
earth surface
IR infrared radiation to space
AG atmospheric counter radiation
SW sensible heat flux
LW latent heat flux

Radiation and heat budget of the
system atmosphere - earth



solar extraterrestrial flux
(5,5⋅1024 J)

Solar flux at earth surface
(175000 TW ≅ 3.5 GJ/m2a)

photosynthesis
(2000 TW)

0,01%

NPP
(20 TW)

global energy need of humans
(13 TW oder 4⋅1020 J/a)

fossil fuels
(still ~ 5,5⋅1022 J)

85%
geoenergy
(5⋅1030 J)

wind energy
(2000 TW)

0.01%

water energy
(100 TW)

0.0005%

0.007%

negl.

negl.10%

nuclear energy

≅1011 m2 or 1013 m2 for
1% efficiency (according
to 10% of continents)

5%

Human energy sources

(5%)

(food)



CO2 H2O

biomass (HC)

valuable materials (HC)

photosynthesis

H2

CH4

CO2

respiration

burnable gas

fuel cell

fertilizer (NH3)N2
fixation

The atmosphere as resource reservoir („solar era“)


