
 Blackbody is an object 
that absorbs radiation 
perfectly (i.e., 
completely) . 

 
 Blackbody radiation is 

the radiative field 
inside a cavity in 
thermodynamic 
equilibrium. 



 Radiation emitted by a blackbody is isotropic, 
homogeneous and unpolarized 

 Blackbody radiation at a given wavelength 
depends only on temperature; 

 Any two blackbodies at the same temperature 
emit precisely the same radiation; 

 A blackbody emits more radiation than any 
other type of an object at the same 
temperature; 



 Planck function B(T) gives the intensity (or 
radiance) emitted by a blackbody having a 
given temperature. 

 It can be expressed in wavelength, frequency, 
or wavenumber domains as  
 



 Planck function relates the emitted 
monochromatic intensity to the frequency and 
the temperature of the emitting substance. 
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Where C1 = 2πhc2 and C2=hc/K are known as the  
first and second radiation constants, respectively. 



The spectrum of solar radiation (at the top of the 
atmosphere) and a blackbody with T=6000 K. 



 Blackbody radiant 
intensity increases 
with temperature 
 

 Wavelength of 
maximum intensity 
decreases with 
increasing 
temperature 



 The total radiant intensity of a blackbody can 
be derived by integrating the Planck function 
over the entire wavelength domain from 0 to ∞. 
 





 d

e

hc
dTBTB

TKhc 
  




0 0

/

52

)1(

2
)()(

On introducing a new variable x=hc/kλT, the above eqn 
becomes 
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The integral term in the above eqn is equal to π4/15. 
                    B(T) = bT4 
 

Where     b = 2π4K4/15c2h3 

 

Since the blackbody radiation is isotropic, the flux  
density emitted by a blackbody is 
                      
                     F=π.B(T) = σT4 
 
Where ‘σ’ is the Stefan-Boltzman constant and is equal to 
5.67x10-8 Jm-2sec-1K-4. 

The above eqn states that the flux density emitted by a 
blackbody is proportional to the fourth power of the 
absolute temperature. 
 



 The wavelength at which the blackbody emission 
spectrum is most intense varies inversely with the 
blackbody temperature.  The constant of 
proportionality is Wien’s constant (2897 K µm). 

Tm /2897

Where λm is the wavelength in micrometers at which peak  
emission intensity occurs, and T is temperature of 
blackbody. 



 This law is derived from   dBλ/dλ=0 
 
 Easy to remember statement of the Wien’s 

displacement law: 
 
  “The hotter the object the shorter the 

wavelengths of the maximum intensity emitted” 



 The wavelength of maximum solar emission is 
about 0.475 µm, which corresponds to blue 
light.  Use Wien’s displacement law to 
compute the color temperature of the sun? 

 
          T=2897/λm = 2897/0.475 = 6100 K 
  Sun appears more yellow than blue because of 

the asymmetry in the shape of the blackbody 
curve. 

 





 The emissivity (Єλ) of a medium is equal to the 
absorptivity, Aλ of this medium under 
thermodynamic equilibrium: 

                  Єλ =Aλ 

Where Єλ is defined as the ratio of the emitted 
intensity to the Planck function. Aλ is the ratio 
of the absorbed intensity to the Planck function. 

 
For a blackbody:  Єλ =Aλ=1 

For a gray body: Єλ =Aλ<1 

 
Gray body is characterized by incomplete 

absorption and emission. 







  Consider a nonscattering medium that is in 
local thermodynamic equilibrium.  The beam 
will undergo absorption and emission 
simultaneously, 

Source function is given by the Planck 
function,  J=B(T). 

Equation of radiative transfer can be written 
as 
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Assignment - 1 



Solar Radiative heating and infrared cooling rates 

Objectives 
 
•  Solar heating rates 
 
• IR Radiative heating/cooling rates 
   
•Total radiative heating/cooling rates in a cloudy 
atmosphere 
 





•  Absorption of solar radiation by various gases is important 
because of its generation of heating in the atmosphere. 
 
•The net flux density (downward) at a given height ‘z’ is defined 
by 



NOTE: Instantaneous heating/cooling rates are the rates 
calculated for a given moment of time (e.g., at a given sun angle 
for solar heating). Hourly, diurnally, monthly and annually 
averaged rates are also used. 
 
NOTE: The solar net flux as Fnet (z)= F (z) -F (z) 
 
 This definition is commonly used in the literature. Then 
divergence is calculated as 

In cloud- and aerosol-free atmospheres, the main absorbers of 
solar radiation are ozone, water vapor and CO2  



Radiative processes may affect the dynamics and 
thermodynamics of an atmosphere through the generation of 
radiative heating/cooling rates. 
 
The radiative heating (or cooling) rate is defined as the 
rate of temperature change of the layer dz due to 
radiative energy gain (or loss): 

where Cp is the specific heat at the constant pressure (Cp = 
1004.67 J/kg/K) and ρ is the air density in a given layer. 









To calculate the IR heating/cooling rates one needs 
to know: 
 
i) Profiles of IR upwelling and downwelling fluxes (to 
calculate the profile of the IR net fluxes); 
 
To compute the IR downward and upward fluxes one needs 
to know: 
1) Atmospheric characteristics: vertical profiles of T, P and 
air density; and 
2) The vertical profiles of IR radiatively active gases, 
clouds and aerosols. 
 
ii) Using the profile of net fluxes and air density, one 
calculates the IR radiative heating/cooling rates 







NOTE: To first order, the differences in heating 
profiles mirror the differences in mixing ratios of these 
gases. 
 
• In cloud- and aerosol-free conditions, total solar 
heating is the sum of solar heating due to individual 
gases. 



Effect of the varying amount of a gas on IR radiation under the 
same atmospheric conditions 





•  H2O increases in a layer => F ↓ increases because more 
IR radiation emitted in a layer => F ↓ (surface) increases 
 
• H2O increases in a layer => F ↑ decreases because more 
IR radiation absorbed  but reemitted at the lower 
temperature => F↑ (TOA) decreases 
 
• Increase of an IR absorbing gas contributes to the 
greenhouse effect. 









NOTE:  
 
 CO2 has very small radiative heating rates. Radiation emitted 
at one level is absorbed at nearby level having almost the same 
temperature. Only at the tropopause (near 15 km), where the 
temperature profile has a minimum, there is a small amount of 
heating. At higher altitudes, pressure broadening is much weaker 
allowing emitted radiation to escape to space with little 
compensating radiation downward from higher levels. 

 H2O is concentrated in the lower atmosphere resulting in 
the high cooling rates between 3 and 10 km. The two peaks in the 
profiles are associated with different absorption bands, the 
stronger of these being associated with the higher altitude peak. 



 
H2O continuum absorption is very sensitive to pressure. The 
mass absorption coefficient falls off rapidly with height. 
Consequently, the atmosphere in the upper troposphere and 
above is effectively transparent in this spectral band, while 
lower altitudes see fairly strong absorption. 

 
O3 is responsible for only instance of significant IR warming 
in the atmosphere below 30 km, with the peak warming between 
20 and 30 km. This heating is due to the absorption at the base 
of the ozone layer of radiation emitted by the ground in the 9.6 
μm band. 



Representative heating profiles due to solar absorption in 
a cloud-free tropical atmosphere for H2O, O3 and CO2. 



Atmospheric Aerosols 
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 Atmospheric Aerosols 
◦ Sources 
 Natural - Sea salt, Dust 
 Anthropogenic – Combustion sources - Sulfates, BC 

◦ Different compositions, sizes, shapes and optical 
properties 

◦ Sinks 
 Dry deposition 
 Coagulation / Scavenging 
 Rain washout 

 
Aerosol loading or amount 
  Mass Concentration or Aerosol Optical Depth (AOD) 
     
 AOD is the vertical integral of the fraction of incident 

light either scattered or absorbed by airborne particles 
per unit length. 



Mechanisms of interaction between incident radiation  
and a particle 
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The interactions between aerosols and solar 
radiation are determined by: 
 
•  Combination of aerosol properties (loading, 
chemical composition, size distribution, shape) 
  
• Surface properties (spectral and angular 
variations of surface albedo) 
  
• Clouds (cloud fraction, optical thickness and 
vertical distribution) 
 

• Geographical parameters (latitude, season) 
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Optical properties determining the aerosol 
direct effect: 
  Aerosol optical depth (AOD)  
  Single scattering albedo (SSA=1.0 for       
sulfates and 0.2 for smoke) 
  Asymmetry parameter (g=0 for isotropic 
scattering, +1 for completely forward 
scattering & -1 for completely backscattering) 

 

 Aerosol optical properties vary with the 
wavelength of radiation.   
The wavelength dependence of AOD is 
usually represented by the Angstrom 
exponent. 
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  Generally at visible wavelengths, the SSA decreases 
with wavelength for non-dust aerosols and increases  
for dust aerosols. 
 

 The asymmetry parameter decreases with wavelength 
because of the decrease in the scattering-effective 
particle size. 
 

 Aerosols have large spatial and temporal variability 
 

 Variability in sources and sinks - Different aerosol 
components are associated with geographical areas 
 

 Vertical distribution is determined by the injection 
height and a variety of atmospheric processes 
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 Aerosol optical properties also depend strongly on the 
size distribution.  Therefore, any factors affecting the 
size distribution will impact the optical properties.  One 
critical factor is the relative humidity (RH).  
 
The method by which different species mix in aerosols 
can have a significant effect on aerosol optical 
properties.  In reality, different chemical species can 
be in the same particles (internal mixing) or different 
particles (external mixing).   
 

  Light absorption of a mixture of black carbon and 
transparent particles is significantly higher for an 
internal mixture than for an external mixture. 







Scattering and absorption efficiencies from Mie theory 



n and k are real and imaginary part of refractive indices of internally 
mixed  soot and (NH4)2SO4 particles 
Refractive indices at 0.5 µm :   Soot      –   1.90-0.66i 
                                                    Sulfate -   1.53-0i 
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Satheesh et al (2009) 







    Earth’s Atmosphere presently composed of 
two    groups of gases 
◦ Nearly permanent concentrations (Nitrogen, Oxygen, 

Argon) 
◦ Variable concentrations (Water vapor, CO2, CH4) 
◦ Aerosols, clouds and precipitations 
◦ N2, O2, Argon account for 99.96% 
◦ Permanent gases have constant volume ratio upto 

about 60 km 







Molecular 
Structure of  
Key  
Atmosphereic 
Gases and the 
Dipole moment 
status 



 Radiative transitions of purely rotational 
energy require that a molecule possess a 
permanent electrical or magnetic dipole 
moment. 

 
NOTE:  If charges distributed 

symmetrically => no permanent dipole 
moment => no radiative activity in the 
far-infrared (i.e., no transitions in 
rotational energy) 

 
Eg., homonuclear diatomic molecules (N2, O2) 





CO2 and CH4 don’t have permanent dipole moment 
=>no pure rotational transitions.  But they 
can acquire the oscillating  dipole moments 
in their vibrational modes=>have vibration-
rotation bands 

 
CO, N2O, H2O and O3 exhibit pure rotational 

spectra. 
 




