
Thermal Remote Sensing:

 Thermal remote sensing is the branch of remote sensing that 

deals with the acquisition, processing and interpretation of 

data acquired primarily in the thermal infrared (TIR) region 

of the electromagnetic (EM) spectrum. or

 Sensing of terrestrial objects under the IR ranges on the 

basis of their temperature emittance variations is called 

thermal remote sensing. 

 In thermal Remote Sensing we measure the radiations 

'emitted' from the surface of the target, as opposed to optical 

remote sensing where we measure the radiations 'reflected' 

by the target.
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Spectral Range of Thermal regions
 O.7-1.3 NIR for both absorption and reflection 
  1.6.to3 MIR reflection and emission
 8 to 14 TIR only emission

Figure: IR region of EM Spectrum



Principles of TIR:

Temperature of the object is controlled by physical, chemical 

and biological environment of the object.

Kinetic temperature:

It is actually measured temperature of the object by 

physically touching it. Such kinetic temperature will give the 

internal manifestation of energy of the molecules.

The internal or kinetic heat energy of matter is then 

converted in to radiant energy



Kinetic temperature is the surface temperature of a 

body/ground and is a measure of the amount of heat energy 

contained in it. 

It is measured in different units, such as in Kelvin (K); 

degrees Centigrade (°C); degrees Fahrenheit (°F).

The Kelvin scale is called absolute temperature and the 

Kelvin is the SI unit for temperature



Radiant Temperature

 The heat is radiated by the terrestrial object is called 

Radiant Temperature

 How much energy is radiated, and at which wavelengths, 

depends on the  emissivity of the surface and on its  

kinetic temperature. 

 Thermal remote sensing exploits the fact that everything 

above absolute zero (0 K or -273.15°C or –459°F) emits 

radiation in the infrared range of the electromagnetic 

spectrum



Emissivity is the emitting ability of a real material 

compared to that of a black body, and is a spectral 

property that varies with composition of material and 

geometric configuration of the surface.  

Emissivity denoted by epsilon (ε) is a ratio and varies 

between 0 and 1. For most natural materials, it ranges 

between 0.7 and 0.95. 



Black body is one which totally absorb and reemits all 

energy incident upon it.

Heat transfer

Heat energy is transferred one place to another place by 

three ways, Conduction, 2. Convection and 3.Radiation

Conduction: It transfer the heat through a material by 

molecular contact.

Convection. It transfer the heat the physical movement 

of heated matter

Radiation transfer the heat in the form of EM waves. 

Heat from the sun reaches the earth by radiation. 

Radiation can transfer the heat through the vacuum



Atmospheric Transmission:

 The atmosphere does not transmit all W.L of TIR radiation 

uniformly. CO2, O3 and H2O absorb the energy in certain 

W.L regions called absorption bands.

 The atmosphere transmit the W.L of 3 to 5 and 8 to 14 um. 

These bands are called atmospheric windows. 

 The windows normally used for aircraft platforms are in 

the 3-5 micron and 8-14 micron wavelength regions

 10.5 to 12.5 is suitable for satellite images because band 9 

to 10 is affected by the ozone layer at the top of the earth’s 

atmosphere.

– emissivity



Planck Radiation (Blackbody) Law

E= Energy or total radiant exitance, W m-2
h = Placnk’s constant
k = Boltzmann constant
c = speed of light 
(constant) 
T = temperature (in K)
λ = Wavelength

Plank's Radiation Law for blackbodies gives the position of 
the peak and total spectral radiance (area under the curve) of 
an object as a function of its temperature



Principles of Emitted Radiation

The amount of radiation emitted by an object is determined 
primarily by its:
- internal temperature;  and
- emissivity 



Wien’s Displacement Law

As the temperature  of an object increases, the total amount of 

radiant energy (area under the curve, in W/m2) increases and the 

wavelengths  at which the objects emits the most energy 

decreases.

To determine this peak wavelength (λmax) for a blackbody:

λmax = A/T

where A is a constant (2898 μm K) and T is the temperature  in 

Kelvins.

•  The 300 K Earth’s peak emmitance wavelength is: 2898 / 300 = 

9.7 μm, in the thermal IR

•  What wavelength is the Sun’s radiant energy peak (6000 K)? 



Once electromagnetic radiation is generated, it is propagated 
through the earth's atmosphere almost at the speed of light in a 
vacuum. 

• Unlike a vacuum in which nothing happens, however, the 
atmosphere may affect not only the speed of radiation but also 
its wavelength, intensity, spectral distribution, and/or direction.

Thermal Energy Interaction with Atmosphere

Atmospheric Scattering



Scatter differs from reflection in that the direction associated 
with scattering is unpredictable, whereas the direction of 
reflection is predictable. There are essentially three types of 
scattering: 

• Rayleigh, 

• Mie, and 

• Non-selective. 



Atmospheric Scattering

Type of scattering is a function of:

1) the wavelength of the incident radiant energy, and 

2) the size of the gas molecule, dust particle, and/or water vapor droplet encountered.



Major subdivisions of the atmosphere and the types of molecules and aerosols found in each layer.



Rayleigh scattering occurs when the diameter of the matter 
(usually air molecules) are many times smaller than the 
wavelength of the incident electromagnetic radiation. 

The energy required to excite an atom is associated with short-
wavelength, high frequency radiation. The amount of scattering 
is inversely related to the fourth power of the radiation's 
wavelength. For example, blue light (0.4 µm) is scattered 16 
times more than near-infrared light (0.8 µm). 

Rayleigh Scattering

• Rayleigh scattering is responsible for the blue sky. The short 
violet and blue wavelengths are more efficiently scattered than 
the longer orange and red wavelengths. When we look up on 
cloudless day and admire the blue sky, we witness the 
preferential scattering of the short wavelength sunlight. 



The approximate amount of Rayleigh scattering in the 
atmosphere in optical wavelengths (0.4 – 0.7 mm) may be 
computed using the Rayleigh scattering cross-section (tm) 
algorithm:

where n = refractive index, N = number of air molecules per 
unit volume, and l = wavelength. The amount of scattering is 
inversely related to the fourth power of the radiation’s 
wavelength. 
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Mie Scattering

• Mie scattering takes place when there are essentially spherical 
particles present in the atmosphere with diameters approximately 
equal to the wavelength of radiation being considered. For visible 
light, water vapor, dust, and other particles ranging from a few 
tenths of a micrometer to several micrometers in diameter are the 
main scattering agents. The amount of scatter is greater than 
Rayleigh scatter and the wavelengths scattered are longer. 

• Pollution also contributes to beautiful sunsets and sunrises. The 
greater the amount of smoke and dust particles in the 
atmospheric column, the more violet and blue light will be 
scattered away and only the longer orange and red wavelength 
light will reach our eyes. 



Non-selective Scattering

• Non-selective scattering is produced when there are particles in 
the atmosphere several times larger than the he diameter of the 
radiation being transmitted. This type of scattering is non-selective, 
i.e. all wavelengths of light are scattered, not just blue, green, or 
red. Thus, water droplets, which make up clouds and fog banks, 
scatter all wavelengths of visible light equally well, causing the 
cloud to appear white (a mixture of all colors of light in 
approximately equal quantities produces white). 



• Absorption is the process by which radiant energy is absorbed 
and converted into other forms of energy. An absorption band is 
a range of wavelengths (or frequencies) in the electromagnetic 
spectrum within which radiant energy is absorbed by 
substances such as water (H2O), carbon dioxide (CO2), oxygen 
(O2), ozone (O3), and nitrous oxide (N2O). 

• The cumulative effect of the absorption by the various 
constituents can cause the atmosphere to close down in certain 
regions of the spectrum. This is bad for remote sensing because 
no energy is available to be sensed. 

Absorption



• In certain parts of the spectrum such as the visible region (0.4 - 0.7 
m), the atmosphere does not absorb all of the incident energy but 
transmits it effectively. Parts of the spectrum that transmit energy 
effectively are called “atmospheric windows”.

• Absorption occurs when energy of the same frequency as the 
resonant frequency of an atom or molecule is absorbed, producing an 
excited state. If, instead of re-radiating a photon of the same 
wavelength, the energy is transformed into heat motion and is 
reradiated at a longer wavelength, absorption occurs. When dealing 
with a medium like air, absorption and scattering are frequently 
combined into an extinction coefficient. 

• Transmission is inversely related to the extinction coefficient times 
the thickness of the layer. Certain wavelengths of radiation are affected 
far more by absorption than by scattering. This is particularly true of 
infrared and wavelengths shorter than visible light.

Absorption



Absorption of the Sun's Incident Electromagnetic Energy in the 
Region from 0.1 to 30 m by Various Atmospheric Gases

window



a) The absorption of the Sun’s incident electromagnetic energy 
in the region from 0.1 to 30 mm by various atmospheric gases. 
The first four graphs depict the absorption characteristics of 
N2O, O2 and O3, CO2, and H2O, while the final graphic depicts 
the cumulative result of all these constituents being in the 
atmosphere at one time. The atmosphere essentially “closes 
down” in certain portions of the spectrum while “atmospheric 
windows” exist in other regions that transmit incident energy 
effectively to the ground. It is within these windows that 
remote sensing systems must function. 
b) The combined effects of atmospheric absorption, scattering, 
and reflectance reduce the amount of solar irradiance reaching 
the Earth’s surface at sea level.
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Radiometric resolution
The radiometric resolution specifies how well the differences in brightness in an 
image can be perceived; this is measured through the number of the grey value 
levels. The maximum number of values is defined by the number of bits (binary 
numbers). An 8 bit representation has 256 grey values, a 16 bit (ERS satellites) 
representation 65.536 grey values.

The finer or the higher the radiometric resolution is, the better small differences in 
reflected or emitted radiation can be measured, and the larger the volume of 
measured data will be (compare with the image on the right).

The advantage of a higher radiometric resolution is rather small - when comparing 
LANDSAT-MSS (6 bits) and TM (8 bits) the improvement is in the order of 2-3%.

Radiometric resolution depends on the wavelengths and the type of the 
spectrometer:

1.     LANDSAT-MSS (from LANDSAT 1-3): 6 bits (64 grey values)
2.     IRS-LISS I-III: 7 bits (128 grey values)
3.     LANDSAT-TM (from LANDSAT 4-5) & SPOT-HRV: 8 bits (256 grey values)
4.     LANDSAT-ETM & ETM+ (from LANDSAT 6-7): 9 bits (only 8 bits are 

transmitted)
5.     IRS-LISS IV: 10 bits (only 7 bits are transmitted)
6.     IKONOS & QuickBird: 11 bits. 



Landsat 8 Instruments

Thermal Infrared Sensor (TIRS) provides two thermal bands. 
These sensors both provide improved signal-to-noise (SNR) 
radiometric performance quantized over a 12-bit dynamic 
range. (This translates into 4096 potential grey levels in an 
image compared with only 256 grey levels in previous 8-bit 
instruments.) 
Improved signal to noise performance enable better 
characterization of land cover state and condition. Products 
are delivered as 16-bit images (scaled to 55,000 grey levels)



Thermal Radiometer

Infrared Radiometers (IRRs) measure surface temperature by 

converting thermal energy radiated from any surface in its 

field-of-view (FOV) to an electrical signal with a response time 

of 0.6 seconds. 

Infrared radiometers, also referred to as infrared thermometers, 

provide a non-contact method of measuring the thermal energy 

emitted by any object

The resilient 8-14 μm germanium window corresponds to the 

atmospheric window in order to minimize the effects of water 

bands below 8 μm and above 14 μm. 





Radiation from Real materials:

The terrestrial objects do not behave like black body. They 

emits only a part of energy received from the sun, which is 

called emissivity.

That is....

radiant existence of an object at a 
given temperature

radiant existence of a black 

body at the same temperature 

Ε(λ)=



or radiant existence  from an object

Kinetic temperature of the same object
Ε(λ)=

Interaction of thermal radiation with terrain elements

When a sun is incident on a terrestrial objects the energy is

1. Absorbed (EA)

2. Reflected (ER))

3. Transmissivity (ET)

So, we can get the relationship between incident and 

disposition upon interaction with the terrain elements as

EI = EA + ER + ET -----------------1

Where EI=Energy incident on the surface of the terrain 

element



EA= component of Incident energy absorbed by the terrain 

element

EF= component of Reflected energy absorbed by the terrain 

element

ET= component of Transmitted energy absorbed by the 

terrain element

We obtain the relationship by dividing the equation no. 1 

by EI

EI     EA + EF + ET, further we define------------2EI     EA + EF + ET   

=



Thermal capacity:

Thermal conductivity:



EI     EA + EF + ET

EI     EA + EF + ET   

=



Weins Law

When the black body is getting heated from 200k to 6oook, 

its emittances is gradually increasing that too it is 

gradually shifted to lower wavelength. This is called weins 

displacement law. λm= b/T

λm = W.L of maximum spectral radiance existence µm

b= 2.8977721(26)×10−3 m K. (weins displacement constant)

T= Temperature k



Black body radiation as a function of wavelength for various absolute 

temperatures. Each curve is seen to peak at a somewhat different 

wavelength; Wien's law describes the shift of that peak in terms of 

temperature
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Wiens Displacement Law:
A law which states that for a blackbody, the wavelength of 
maximum radiation is inversely proportional to its 
absolute temperature. Also called Wien's law.



Wien’s law, also called Wien’s displacement law, relationship 
between the temperature of a blackbody (an ideal substance 
that emits and absorbs all frequencies of light) and the 
wavelength at which it emits the most light. It is named after 
German physicist Wilhelm Wien, who received the Nobel 
Prize for Physics in 1911 for discovering the law. 





APPLICATIONS
Thermal property of a material is representative of upper several centimetres 
of the surface. As in thermal remote sensing we measure the emitted 
radiations, it proves to be complementary to other remote sensing data and 
even unique in helping to identify surface materials and features such as rock 
types, soil moisture, geothermal anomalies etc. The ability to record variations 
in infrared radiation has advantage in extending our observation of many 
types of phenomena in which minor temperature variations may be significant 
in understanding our environment. Thermal remote sensing reserves immense 
potential for various applications. The following is a list of some of the areas 
in which thermal data is put to use



• Identification of geological units and structures
• Soil moisture studies
• Hydrology
• Coastal zones
• Volcanology
• Forest fires
• Coal fires
• Seismology
• Environmental modelling
• Meteorology
• Medical sciences
• Vetenary sciences
• Intelligence / military applications
• Heat loss from building



For example, when you stand in the sun on a cold winter day 

you feel radiant heat gain from the sun even though the air 

temperature is cold. On the other hand, when you open the 

freezer door on a hot summer day you feel radiant heat loss to 

the interior of the freezer. 

In both cases your thermal comfort is being largely affected by 

difference in radiant heat gain or loss, not air temperature
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