Effective range r is:
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Where r is the effective range between the center of the sensor and the base scatter, ( is the look angle, (1 is the incidence angle, ( is the surface local slope, (2 is the refraction angle, and
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Using the cosine law we have
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And
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Substituting the result of (2) into (1) we can get the thickness D + h – d as
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The ground range for the base scatter is:
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Parameter definitions are:
n1: refraction index for air ( n1 ( 1)

n2: refraction index for ice ( n2 ( 1.8)

n3: refraction index of land or seas water ( n3 ( 9 for sea water, n3 ( 5.5 for wet land, n3 ( 3 for Greenland subglacial terrain) 

v1: speed of electromagnetic wave in air C ( ( 3x108 m/s) 

v2: speed of electromagnetic wave in ice ( ( 3x108 / 1.8 m/s)

Ice attenuation taken to be 0.9 dB per 100 m.

Original derivation:

Assume the two antennas are located at x = 
[image: image11.wmf]2
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 on the ground range axis and each antenna transmits and receives separately. The distance between the sensor and a point on the surface can be described as :
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and the interferometric phase of the point can be written as :
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where H is the orbit altitude, h is the elevation of the point on the surface, x is the ground range of the point, k = 
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 and 
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 is the surface interferometric phase.  Figure 1 defines parameters of H, D, h, d, (1, (2 and (S.

Similar equations can be derived for the basal surface:



[image: image16.wmf]2

1

2

()

b

b

x

rHnDd

Dd

H

n

=+×-+×

-

+

                                                                         (9)

and
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where D is the global ice thickness and d is the basal elevation above D, 
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 is the incidence angle from sensor to the upper surface and 
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F

is the basal interferometric phase.

If two points on the upper surface and on the basal meet the relationship:
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or 
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they will be in the same range bin.

3.7.2   Extract surface DEM

We band pass filter the interferogram to retrieve the phase data associated with the surface.  The fractional phase value we measure from the filtered  interferogram has an undetermined phase offset 
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. If we use 
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to represent the measured phase value at each azimuth position and range bin we have
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If one ground control point is available we can use it to estimate the constant phase offset 
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. If more control points are available the baseline B can be refined.

With refined baseline B and the estimated phase offset 
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we can easily derive surface elevation for each point:
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3.7.3  Extract ice thickness

     Conversely from section 3.7.2, we can filter the interferogram to retrieve the basal signature.  We can unwrap the phase and make the phase measurements 
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. If all the basal phase is measurable starting from nadir, where the look angle (1 is zero, we do not need any other ground truth to determine unknown parameters. Practically speaking, we still need control points away from nadir because the basal phase changes rapidly near-nadir. To determine the phase offset 
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we need at least one control point and using the relationship below:
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After the phase offset 
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 is determined, the ice thickness can be derived from:
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Fig. 3.1 ice mass reflection and refraction model
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