
Electromagnetic Radiation: 
 
The remote sensing topics addressed in this class are built around 
measurement of and interpretation of E-M radiation:  
 
The fundamental property is the spectral radiance:                  which relates to 
the fundamental properties of an EM- wave  - and it is these properties and 
how they change via interaction with the atmosphere that carry information 
about the atmosphere.  
 
The properties include: amplitude (energy) and phase (motion) of wave, its 
spectral dependence (type of interaction that occurs), its direction of 
propagation  and the transverse properties of the wave (polarization). 
 
E.g. 1 The amount of energy  emitted by any body is related to its temperature, 
via the Planck blackbody relation  
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Angular dependence I: MISR 
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Aerosols over Houston and Galveston Bay!
12 September 2002!

Image credit: !
NASA/GSFC/LaRC/JPL!
MISR Team!



5/1/2003 4 

A Hard Look !
at Thin Clouds!
!
9 July 2002!
!
animated!
multi-angle!
“fly-over”!

Image credit: !
NASA/GSFC/LaRC/JPL!
MISR Team!
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Smoke from !
Fires in !
Southern Mexico!
!
2 May 2002!

Nadir 70° aft AOD 
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Okefenokee Swamp Fire, Georgia!
8 May 2002!

Image credit: !
NASA/GSFC/LaRC/JPL!
MISR Team!

natural!
color!
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Multi-angle Portrayals of Mt. Etna’s Plume!
29 October 2002!

Image credit: !
NASA/GSFC/LaRC/JPL!
MISR Team!



Phase function Polarized phase function 
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Eg. II Polarization 

Polarization at 90° 
Black = negative 

polarization 



SIMULTANEOUS ACQUISITION OF  
PARASOL AND MODIS DATA (2005/02/02) 

MODIS-AQUA Level 1 data 
Mosaic of 10 granules 

PARASOL Level 1 data 
Orbit n° 003211 

Sinusoidal projection centered on the PARASOL ascending node longitude 



Electromagnetic Radiation: 
 
Topics to be discussed: (Stephens Chapter 2) 
  
 
How we describe it 
                the EM spectrum 
                Simple wave properties 
                Energy 
                Doppler effect 
                            - heterodyne detection        
                Polarization 
 
How we measure it 
                Radiance & brightness temperature 
                Simple Radiometer 
                Stokes Parameters 
 
How we create it 
                Blackbodies 
 



Region Spectral Range Fraction 
of solar 
output 

Remarks 

X-rays λ < 0.01 µm 3 �10-6 Photoionizes all species; absorbed in 
upper atmosphere. 

Extreme UV 0.01 < λ < 0.1 µm 0.01% Photoionizes O2 and N2 ; absorbed above 
90 km 

Far UV 0.1 < λ < 0.2 µm 0.5% Photodissociates O2; absorbed above 50 
km 

UV-C 0.2 < λ < 0.28 µm 1.3% Photodissociates O2 and O3; absorbed 
above 30 km 

UV-B 0.28 < λ < 0.32 µm 6.2% Mostly absorbed by O3 in stratosphere; 
sunburn! 

UV-A 0.32 < λ < 0.4 µm 39% Reaches surface 

Visible 0.4 < λ < 0.7 µm 52% Atmosphere mostly transparent 

Near IR 0.7 < λ < 4 µm 0.9% Partially absorbed, H2O, some useful RS 
lines (methane, CO2, O2) 

Thermal IR 4 < λ < 50 µm negligible Absorbed & emitted by wv, co2, ozone, 
other trace gases 

Far IR 50 µm < λ < 1 mm Absorbed by water vapor 

Microwave 50 µm < λ < 30 cm Clouds & rain; semi transparent; o2 & 
h2o lines 

Radio λ  > 30 cm RADAR! (precipitation remote sensing) 



Electromagnetic radiation: 
basic properties  

•  EM radiation created via the mutual oscillations 
  of the electric  ε and magnetic fields H 
 
•  Direction of propagation is orthogonal to direction of  
• oscillations 

•  Speed of travel c= c0/n, where n is the refractive index 
•  Oscillations described in terms of 
  

• wavelength λ (distance between 
 individual peaks in the oscillation- 
 e.g. λ=0.7 µm 
• frequency ν (= c/ λ; the number of oscillations 
  that occur within a fixed (1 sec) period 
  of time - e.g. λ=0.7 µm → 4.3 x 1014 cycles 
  per second or Hz. 
• wavenumber    (= 1/ λ; the number of wave crests 
 (or troughs)  counted within a fixed length 
 (say of 1 cm) - e.g. λ=0.7 µm → 14286 cm-1 

 
We will tend to use wavelength, frequency and 

wavenumber interchangeably  



http://irina.eas.gatech.edu/EAS6145_Spring2011/Lecture1.pdf 





Electromagnetic radiation: 
basic properties  

Three basic properties define the EM radiation 
•  the frequency of oscillation -Rate of oscillation (i.e frequency or wavelength) is  
  very important - it determines how radiation interacts with matter - rule of thumb:  
 fastest oscillations (say UV wavelengths) affect lightest matter (e.g. electrons);  
 slow oscillations (IR and microwave affect larger more massive parts of matter  
 (molecules,….) 
 
•  Amplitude of the oscillation εo - this directly defines the amount of energy (and entropy)  
  carried by EM radiation. The energy carried is proportional to ⏐εo⏐

2 
 
•  Polarization of radiation- this defines the ’sense’ of the oscillation - it does not affect  
  the energy carried but it can affect the way radiation interacts with matter.  
 



A mathematical description of EM 
radiation 

 

Main point: energy carried by the wave, related to  
⏐ε(x,t)⏐2 → ⏐εo⏐

2 , does not get altered by the simple 
act of propagation (must interact with matter for 
the energy to be altered 
   

Plane wave propagation 
along x with plane of  
constant phase highlighted 

Wave propagation in 3D - 
examples of plane,  
cylindrical and spherical 
wave propagation  
 

Plane wave form is expressed as 
ε(x,t) = εo cosk(x-ct) = cos(kx-ωt) 
 
k=wavenumber ( not to be confused with      ) 
k=   2π/λ 
ω = kc =angular frequency 
φ = k(x-ct)= (kx-ωt) = phase 
 
or as ε(x,t) = εo exp(i φ) 
 

ν~



Basic measurement concepts -radiance 

Radiance or intensity is  
fundamental since 
we can measure it and 
 all other relevant 
parameters of interest 
to us derive from it. 
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•  Radiance is that portion of the 
flux that comes from a small 
amount of solid angle dΩΩ 

 
•  Radiance is CONSERVED along a 
path, assume no material to 
absorb or scatter it, or emit 
additional radiation! 

•  Therefore, forms the basis of 
radiative transfer (RT) 

•  Typical units are W m-2 µm-1 sr-1 

I 



Reminder of radiance quantities 

Iλ  Radiance    W m-2 µm-1 sr-1 

 Intensity 
 (Monochromatic) 

 
Fλ  Spectral Irradiance  W m-2 µm-1 

 Monochromatic Flux 
 
F  (Broadband) Flux   W m-2  
 

Fλ = Iλ (θ,φ)cosθ dΩ
hemisphere
∫

= Iλ (θ,φ)cosθ sinθ dθ dφ
θ=0

π /2

∫
φ=0

2π

∫

F(λ0,λ1) = Fλ dλ
λ0

λ1

∫



Polarization – a property of the 
transverse nature of EM radiation- 
doesn’t affect energy transfer but 
it is altered by the way radiation 
interacts with matter 

Simple illustration 
of the effects of 
two pieces of polarizing 
material (polarizers) 

Polarization is widely used in remote sensing: 
• ‘multi-parameter’ radar → particle characteristics 
• microwave emission → cloud water and precipitation 
• aerosol 
• sea-ice extent 
• design of instruments 





Stokes Parameters – an alternate set of 4 

intensity (i.e. energy based) parameters that  

derive directly from experiments: can be  

Measured! 
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Stokes Parameters – an alternate set of 4 

intensity (i.e. energy based) parameters that  

derive directly from experiments: can be  

Measured! 
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Vector Stokes

I = I par + I perp
Q = I par − I perp
U = 2 I parI perp cos(ϕ perp −ϕ par )

V = 2 I parI perp sin(ϕ perp −ϕ par )

I ≥ Q2 +U 2 +V 2

Iperp 

Ipar 

For a monochromatic wave: 

(in general) 

Total Intensity 

Linear polarization 

Linear pol at 45° 

Circular Polarization 
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NOTE: 
Measurements of polarization are actively used in remote sensing in the solar and 
microwave regions. 
Polarization in the microwave–mainly due to reflection from the surface. 
Polarization in the solar –reflection from the surface and scattering by molecules and 
particulates. 
Active remote sensing (e.g., radar) commonly uses polarized radiation.  



Basic Laws of Emission 

Consider an ‘isolated cavity’ 
and a hypothetical radiating body 
at temperature T 

An equilibrium will exist between the  
radiation emitted from the body  and 
the radiation that body receives from 
the walls of the cavity  

The ‘equilibrium’ radiation inside the cavity is determined solely 
by the temperature of the body. This radiation is referred to as 
black-body radiation. Two black-bodies of the same temperature 
emit precisely the same amount of radiation 

Cavity like - uniform 
glow of radiation-all 
objects look the same 



Cavity radiation - experimental  
approximation to black-body radiation  

As we will see below, the amount of  of radiation emitted from any  
body is expressed in terms of the radiation emitted from a hypothetical  
blackbody.  Although the concept of blackbody radiation seems abstract 
there are a number of very practical reasons to devise ways of creating  
such radiation. One important reason is to create a source of radiation 
of a known amount that can be used to calibrate instruments.  
We can very closely approximate blackbody radiation by carefully  
constructing a cavity and observing the radiation within it. 

Cavities are used both to create a source  
of blackbody radiation and also 
as a way of detecting all radiation  
incident through the cavity aperture.  

Insert Fig 3.7 Mcclunney p 74 

Cavities are designed to 
be light traps - any incident 
radiation that emerges from the 
cavity experiences many  
reflections. If the reflection 
coefficient of the walls is low, 
then only a very tiny amount 
of the energy of incident 
radiation emerges - most comes 
from the radiation emitted by the 
walls of the cavity   



Kirchoff’s law 

Suppose that      (T)   is the amount of blackbody radiation emitted  
from our hypothetical blackbody at wavelength λ and temperature T.  
Then  
 
is the amount of radiation emitted from any given body of temperature T 
 
aλ  is the absorptivity or emissivity of the body. Its magnitude and  
wavelength dependence is solely determined by the properties of the  
body -such as the composition, and state (gaseous or condensed).  
 
 
aλ =1 for a black body  
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λ

Iλ = aλBλ (T )

ε

ελ = aλ
This will also be true for layers of gases in the 
atmosphere! 



Planck’s blackbody function 
The nature of Bλ(T) was one of the great findings of the latter part  
of the 19th century and led to entirely new ways of thinking about 
energy and matter.  Early experimental evidence pointed to two  
particular characteristics of Bλ(T) which will be discussed later. 
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Derived Characteristics  
of Planck’s blackbody function 

Insert fig 3.1 p37/Taylor 

Wien Displacement Law 

Stefan-Boltzmann Law 
 
 
B(T=6000)/B(T=300) = 60004/3004 
                                                      
                                                     ~160,000 

KmTmax ⋅µ=λ 2898

4T)T(B σ=π

Insert eg 3.2 



The solar spectrum is a near 
blackbody at 5762K. 
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Solar & Terrestrial Blackbodies mostly 
don’t overlap 
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Implication: Light at a given wavelength either came 
from the sun, or earth-based thermal emission.  
It is almost never from both, except near 4 microns. 

Area-normalized  
blackbodies 



Rayleigh-Jeans limit 

Applicable for long wavelengths, when hc/λkBT << 1 
(typically applied in the microwave) 
 
Then: 
 
 
 
and hence:  
 

B λ =
2ckB
λ 4

T

Direct 
proportionality 
makes RT simpler! 



Brightness temperature 

Radiance Iλ, can always be expressed as the  
temperature of a blackbody that emits  
B(λ)=I(λ).  This is the brightness temperature: 
 
 
 
 
 
 

TB (Iλ ) =
λ 4

2ckB
Iλ

It is the physical temperature a 
perfect blackbody would have to 

yield the observed radiance (at the 
given wavelength). 

Rayleigh-Jeans 
Limit!! 

I(λ)↔TB (λ)
A unique, one-to-
one mapping!!! 



Brightness temperature 

Radiance Iλ, can always be expressed as the  
temperature of a blackbody that emits  
B(λ)=I(λ).  This is the brightness temperature: 
 
 
 
 
 
 

The spectral brightness 
temperature of planets  
and moons 

TB (Iλ ) =
λ 4

2ckB
Iλ

It is the physical temperature a 
perfect blackbody would have to 

yield the observed radiance (at the 
given wavelength). 

Rayleigh-Jeans 
Limit!! 



Example thermal IR spectrum 

TB Contours 



Example: Sea Ice Remote Sensing 
from Passive Microwave 









An example of Brightness Temperature: 
Natural vs. manmade micrwowave 

radiation 




