Description of the GOES-R ABI Local Zenith Angle calculation in the Ground System


The local (view) zenith angle (LZA, or ) is the angle between the line from a view point on the Earth’s surface to a satellite and the line from the same view point that is perpendicular to the Earth’s horizontal surface at that point.  The local zenith angle ranges from 0 to 90 degrees and is calculated using spherical geometry with the equation below.  The Earth’s oblateness is ignored in the calculation.



where:
θe = local zenith angle (in degrees)
β = arccos(cos(φ – φ0) * cos(λ - λ0)) (in degrees)
(φ0, λ0) = satellite subpoint latitude and longitude on Earth (in degrees)
(φ, λ) = view point latitude and longitude on Earth (in degrees)
H = 42164.16 (satellite height from the center of the Earth, in kilometers)
req = 6378.137 (length of semi-major axis of the Earth, in kilometers, assuming a GRS80 ellipsoid for the Earth)

Bound the quantity within the parentheses of the arcsin in the above equation to values between    -1 and 1 so that the arcsin function returns valid values:

-1    1 

Calculate the local zenith angle, θe, using the above equation, then multiply by π / 180 degrees to convert the angle to units of radians:

θ = θe * (π / 180.0)

Note: For GOES-16, the longitude of the satellite sub-point on the Earth is -75.2 degrees.  However, the calculations of angles in the Ground System are based on a latitude-longitude projection centered at longitude of -75.0 degrees.  This difference is due to -75.0 being the prior sub-point position, however the ABI projection was not updated after the satellite settled at -75.2 degrees.  The difference of 0.2 degrees between the satellite position and the projection used for the angle calculations results in errors in the calculated LZA values of < 1 degree primarily around the equator.

It should be noted that the equations above will produce valid local zenith angles for all points on the Earth.  However, a point on the Earth is only visible to a satellite when the following conditions are met:
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