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Due end of lab March 9, 2011
Thermal Infrared Remote Sensing
Background material

Radiation, temperature, blackbodies, flux, and emissivity.

In the visible and near-infrared (0.4 to 2.5 µm) we measured the reflected radiation from objects.  However, in the thermal infrared (3.0 - 15 µm, also called the mid-infrared), we measure the emitted radiation of objects.  At most terrestrial temperatures the emitted radiation peaks in the mid-infrared.  For a given temperature, there is a predictable wavelength at which the maximum energy is emitted.  This is given by Wien's Displacement Law:
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  where  is in  µm, T is in Kelvins.

The amount of thermal energy that an object emits depends on how well it absorbs the incident radiation and on how well it re-radiates this energy.  Remember that most incoming radiation on the earth's surface is from the sun, in the wavelength range 0.3 - 2.5 µm.  The more of this incident energy that is absorbed by the object, the more energy it will have available to radiate back. An object that absorbs all incoming radiation, and re-radiates this energy completely, is called a blackbody.  Perfect blackbodies do not exist, although some materials approximate them. 

The total amount of energy radiated at all wavelengths by an object is related to the temperature of that object.  For a blackbody, the radiant flux density (energy per unit time per unit area - like irradiance) is given by the Stefan-Boltzmann Law:
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where  (Steffan-Boltzmann Constant) is 5.67·10-8 W(m-2(K-4 and T is in Kelvins.

For real materials, this becomes:
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where  is called the emissivity.

From these equations you can show that 
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. In other words, the emissivity is the radiant flux density from an object relative to that of a blackbody at the same temperature.

A remote instrument measures radiance (W m-2 sr-1), from which an apparent temperature can be obtained.  If the target is a blackbody, this apparent temperature will equal the kinetic temperature of the surface of the object.  Kinetic temperature is what you would measure with a thermometer.  Of course, if the target is not a blackbody, the apparent temperature and the kinetic temperature will not be the same. 

Thermal properties of materials and thermal inertia.

All materials have a thermal conductivity and a thermal capacity (also called heat capacity).  Thermal conductivity (K) is a measure of how fast heat can pass through an object.  Metals such as copper and iron have high thermal conductivity, whereas most geologic materials, and particularly porous ones, have low thermal conductivity.  Thermal capacity (c) is a measure of an object's ability to store heat.  Water has a high heat capacity, basalt and marble have moderate heat capacities, and granite has a fairly low heat capacity.

Thermal conductivity and thermal capacity, combined with density (), give an indication of how rapidly an object will change temperature.  This property, thermal inertia, P, is given by:
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By measuring the temperature of a material just before dawn and again in the afternoon, we can estimate the thermal inertia of the material.  This can then be used to estimate geologic parameters such as density. 

Landsat TM Band 6

Using IMPACT display band 6 of the 1992 Seattle TM image. Lighter pixels indicate more radiant flux in the 10.4-12.5 micrometer range. Most of the energy in this image is being emitted from the surface. Remember that the band 6 pixels are 120 m.

The relationship between radiant flux and temperature is explained by Planck's Law and the Stephan-Boltzman Law. Because the radiant flux is a function of the fourth power of the temperature these images commonly are referred to as temperature images. To measure temperature, however, you would have to know the emissivity of the material(s) in each pixel, and to calibrate (convert from DN to temperature). Temperature can be measured on the ground, or estimated. But even without knowing the "absolute" values of temperature the image can be used to infer relative temperatures.

The radiant flux in the 120-meter pixels can be related to the 30-meter pixels by combining the thermal IR band with other reflective bands. For example: Try B = band 5; G = band 4; R = band 6. Or try B = band 4; G = band 5; R = band 6. Experiment with different stretches. Don't just rely on the default stretch. Experiment with different band combinations. To answer the next three questions below you will need to use all of your image-processing skills. Remember the spectral information that has helped you to interpret the surface materials in this image.
1. Sketch the band 6 histogram and label its main features in terms of the image.
2.  Briefly describe the warmest and the coolest features in the image. What are the materials? (Three of each would be fine.)

warm


cool

3.  Describe and explain the broad temperature gradients across Seattle. Why is the western part of the city north of the ship canal cooler than the eastern part?
4.  Giving examples from the image, describe and explain the relationship between relative "albedo" (as expressed by relative DN values in the visible wavelengths) of land-surface features and their relative temperature.

bright and warm:


bright and cool:


dark and warm:


dark and cool:
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