


































Thermal images will vary considerably in appearance depending on whether they 

are acquired during the warm part of the day or after a night of absence of the Sun 

and resultant cooling of the atmosphere as well as heat loss from the surface and 

shallow depths beneath. 

This is evident in these two images of central Atlanta, GA. taken during the day 

(left, or top) and then just before dawn (right, or bottom). The thermal sensor was 

flown on an aircraft. 



In the day thermal image, contrasts between heated buildings and streets and areas in shadow create a scene that resembles 
an aerial photo. But in the dawn image, differences in temperature have decreased sharply (no shadows), although a part of 
that image is brighter, representing a local "heat island" effect. Also, in the dawn image, many streets are evident because, 
being asphalt paved, they absorb more heat and remain warmer through the night.

Unlike remote sensing reflected light from surfaces in which only the topmost layers (a few molecular layers thick) are involved, 
thermal remote sensing includes energy variations extending to varying shallow depths below the ground surface. This takes 
time and is the normal consequence of heating during the day and cooling at night. The most critical consideration in analyzing 
and interpreting thermal data and imagery is that of knowing the physical and temporal conditions that heat the near surface 
layers. Over the seasons, minor shifts in the mean temperature in bedrock can occur to depths of 10 m (33 ft) or more. Solar 
radiation and heat transfer from the air significantly heat materials at and immediately below the surface during the day. 
Temperatures usually drop at night primarily by radiative cooling (maximum radiative cooling occurs under cloudless 
conditions), accompanied by some conduction and convection. During a single daily (diurnal) cycle, the near surface layers 
(commonly, unconsolidated soils) experience alternate heating and cooling to depths typically between 50 and 100 cm (20-40 
in). The daily mean surface temperature is commonly near the mean air temperature. Observed temperature changes are 
induced mainly by changes during the diurnal heating cycle, but seasonal differences (averages and range) in temperature and 
local meteorological conditions also affect the cycle response from day to day.









Timing of image acquisition

The urban heat island is considered to be a night-time phenomenon, since it is best 

developed a few hours after sunset when the rural surface cools rapidly and heat is 

extracted from the adjacent air. (Figure 1). The urban atmosphere on the other hand 

continues to be warmed by the man-made urban surfaces which have higher heat 

capacity and thermal inertia than rural surfaces. In high-rise areas, these radiatively 

active surfaces are extensive, and potential energy loss by outgoing long wave 

radiation is blocked by the urban canyon geometry, with low sky view factors. 



 Thermography is a printing or imaging method. 

 The term comes from the Greek words "therme," 

meaning heat and "graphos," meaning writing or 

drawing. 

 The printing method, known as thermographic 

printing uses heat to create an image. 

 The imaging method, known as thermographic 

imaging captures infrared energy emitted by the subject.



 Thermography is a technique for visualizing the temperature of 

surfaces by recording their emission of long-wavelength 

variation. 

 This heat radiation is detected electronically and displayed 

with different colours representing different temperatures.

 Thermograms are used to check houses for heat loss, so their 

heat insulation can be improved.





Objects transfer heat by three means: conduction, 

convection and radiation. 

Conduction is the transfer of heat through solid 

objects. 

Convection is the transfer of heat through the 

movement of a fluid such as air and 

Radiation is the transfer of heat energy via 

electromagnetic radiation emitted by the object. 



The radiation emitted by the object includes the infrared 

radiation which can be detected by an infrared camera. 

Infrared radiation is emitted by every object above 

absolute zero. 

The amount of infrared emitted by the object is partly a 

function of the temperature of the object as described by 

Steffan-Boltzmann law. Infrared radiation is 

electromagnetic waves of a  length between 0.7um and 

1000 um. 















DN to Radiance 

1. There are two formulas that can be used to convert DNs to radiance.

2. This method use depends on the scene calibration data available in the header file(s).

3. One method uses the Gain and Bias (or Offset) values from the header file.  

4. The another method uses the LMin and LMax spectral radiance scaling factors.   





𝐿𝜆 = (𝑅𝑀𝐴𝑋− 𝑅𝑀𝐼𝑁)𝑄𝐶𝐴𝐿𝑀𝐴𝑋− 𝑄𝐶𝐴𝐿𝑀𝐼𝑁× (𝐷𝑁− 𝑄𝐶𝐴𝐿𝑀𝐼𝑁) + 𝑅𝑀𝐼𝑁 

Where,  

Lλ= Spectral Radiance at the sensor’s aperture (w/m2*sr*µm) 

DN= Quantized calibrated pixel value (Q cal) 

QCALMIN = Minimum quantized calibrated pixel value corresponding to LMINλ [DN] =1 

QCALMAX= Maximum quantized calibrated pixel value corresponding to LMAXλ [DN] =255 

However, QCALMAX for Landsat 8 is 65535 

RMIN= Spectral at-sensor radiance that is scaled to Qcalmin (W/m2* sr * μm)  

RMAX=Spectral at-sensor radiance that is scaled to Qcalmax (W/m2* sr * μm) 



Conversion of Spatial Radiance into Temperature Kelvin: Step 2

ETM+ thermal band data converted to spatial radiance, which is a 

more physically useful variable. Assuming surface emissivity =1 (USGS, 

2001), the following equation is used to convert radiance to temperature 

Kelvin:

Where, T= Temperature in Kelvin, Lλ= Spectral Radiance

Conversion of Temperature Kelvin to Degree Celsius: Step 3

The temperature in Celsius was calculated using the equation

T (°C) =T-273.13        

Where, T (°C) = Temperature in Celsius, T= Temperature in Kelvin, 

273.13= Zero Temperature Kelvin 

𝑇= 𝑘2𝐼𝑛[ሾ𝑘1 ÷ 𝐿𝜆 ሿ+ 1] 
Where, T= Temperature in Kelvin, Lλ= Spectral Radiance 



CONSTANTS

(UNITS)

K1

(W/m2* sr * μm)

K2

(Kelvin)

L7 ETM+ 666.09 1282.71

L8 TIRS 774.89 1321.08
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