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Background of L-band Microwave Radiometry

Direct Methods:

The demanded quantity is directly measured. E.g. the soil water content results from the mass loss measured after drying a soil sample.

Indirect Methods:

An other physical quantity (a proxy-quantity) which can be related to the demanded quantity is deduced. E.g. the dielectric constant (permittivity) is the well suited proxy for deriving soil moisture.

The Pros and Cons:

Direct methods are generally more accurate, but also more laborious. Direct methods are important for calibrating indirect methods. Indirect methods often require models. Indirect methods allow for remote sensing of quantities.

Background Modeling Concepts
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The permittivity of water is e W » 80 at frequencies < 2 GHz. This is significantly larger than the permittivities of all the other soil components.

dry soil matrix: e M » 2-5

Air:

e A » 1
Ice:

e Ice » 3 measures the "strength" of the interaction between the electric field and the material El. material property

Background

Modeling Concepts

The soil permittivity e S is highly sensitive with regard to changes in the soil water content.

Therefore e S is the suited proxy for determining the volumetric soil moisture q in units of m 3 m -3 .

Permittivity; Dielectric Constant
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A dipole experiences a torque M when a constant electric field E is applied. 

Effective Media Models (dielectric mixing approaches):

Such models are used to represent the effective permittivity "seen" by a electromagnetic field with a wavelength considerably larger than the dimension of the dielectric inhomogenities. The brightness temperature T B p of a black body (e = 1) is:

T B p = T
a gray body (0 < e < 1) is:

T B p = e T
a perfectly reflecting body (e = 0) is:

T B p = 0
This is why T B p = (1 -r p ) T depends on the permittivity e which serves e.g. as a proxy for water content.

Nature is much more complex Þ sophisticated models for r 

  use the visible and infrared regions of the electromagnetic spectrum to collect data on the Earth and atmosphere. Visible channels use reflected sunlight to create images. In the infrared and microwave, satellites sense Earth-emitted energy to create images. The graph shows that Earth-emitted energy drops off sharply beyond the infrared region of the electromagnetic spectrum.

The

  3K radiation is remarkably uniform in all directions. The temperature in one direction is the same as in 180 deg the opposite direction to an accuracy of 1 part in 100,000! Here is a map of the whole sky from COBE, scaled so blue would be 0 K and red 4 K. The fact that it is all the same colour shows how uniform the 3K radiation is. This is why passive mwave radiometers can be calibrated against this polar-orbiting satellites offer the unique capability to provide global coverage •2. mwave radiation penetrates most clouds and allows for observation of surface features in the vast majority of weather conditions. This is especially important over the oceans, where cloud cover averages nearly 70% •3. two important properties that impact mwave radiation, polarization and emissivity, vary depending on both wavelength/frequency and characteristics of the emitting material As a result, satellite observation of mwave radiation and its variability makes it possible to identify and characterize specific surface properties important to weather and climate, such as soil moisture, snow cover and water equivalent, sea ice cover and age, and SST Example of polarization dependent transmissivity: Background Modeling Concepts

  This causes to align the dipole along the field direction.As the H 2 O-molecule is highly polar, M is large and therefore: Þ strong interaction with E two soil samples with approximately the same m g but significantly different bulk densities resulted in significantly different values for e' and e", but samples with the same m v , and different bulk densities resulted in approximately the same values for e' and e".

  These methods can be used to model effective permittivities of: • approaches can be applied in the regime of physical optics.• Physical optics is an intermediate method between geometric optics, which ignores wave effects, and full wave electromagnetism, which is a precise theory.Three phases: Spherical air bubbles and grains embedded in water:Maxwell-Garnett formula: h = porosity q= volumetric water content e A , e W , e M , permittivities of air, water, and matrix (grains) Not only the fractional amount of the phases determines the effective permittivity, but also the structure of phases!relation (three phases, parameter a =0.46) Roth et al. (1990):Example of empirical mixing models for the effective permittivity of a moist soil:Polynomial fit to e S measured for soils with different moisture q

  p and T are needed! Background Modeling Concepts In thermal equilibrium emissivity and reflectivity are related via: e = 1 -rReflectivity of a specular surface is given by the Fresnel equations: reflecting material. This makes it possible to discriminate between solid, liquid, and frozen elements on both land and ocean

  This can be accomplished by calculating brightness temperature differences between high and low frequencies, or by comparing how a single frequency responds when compared to a reference observation for dry conditions. Derivation of soil moisture content is a more complex process that typically involves models and climatology information of the soil layer itself How does a Wet vs. Dry Surface Appear from Space) because of their ability to penetrate deeper into the soil.L band

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

This decrease of energy with increasing wavelength continues into the microwave regions. Indeed, the energy per unit area in the microwave region is several orders of magnitude less than in the infrared. Since we often use frequency units (Hertz) rather than wavelength when referring to microwave energy, we note that energy decreases as frequency decreases The relatively small amount of emitted microwave energy available to passive satellite sensors requires large fields-of-view to collect sufficient energy for a measurement. Thus, in contrast to visible or infrared sensors, where there is sufficient energy for relatively small fields- of-view on the scale of meters (hyperspectral) or kilometers, passive microwave sensors require larger fields-of- view on the scale of 10 km or more. Spectral Distribution of Energy Radiated from Blackbodies at Various Temperatures Wien's Law 6000

  

	K	à	VIS (0.4 mm)
	300 K	à	IR (10 mm)
	??? K	à	mwaves (

ex. 20 cm) the answer is coming up soon … The 3K Cosmic Background Radiation

  

How does a Wet vs. Dry Surface Appear from Space? Dry vs. Wet Surface If we isolate the dry land, wet land, and sea water curves for a moment, we see dramatic differences between the three surface types. Emissivity over land can vary strongly, with surface type and frequency in the microwave between 10 and 100 GHz. Notice how much the emissivity is reduced for wet surfaces compared to dry land, especially at the lower frequencies. How does a Wet vs. Dry Surface Appear from Space? Dry vs. Wet Surface This graph plots emissivity for vertically polarized radiation as a function of different magnitudes of surface wetness. The curves help illustrate two important points. First, as more water is introduced to a surface, the smaller its emissivity, and second, the effect is more pronounced at lower frequencies. We should note that emissivity increases with increasing frequency and that this trend is especially pronounced for a wet surface. Most algorithms that compute some measure of surface wetness, like a wetness index, take advantage of the change in microwave emissivity as water is introduced.