
Description of Excel spreadsheet labeled “Rain Rate” and Mathcad sheet labeled “Percent Outage”

The Excel spread sheet calculates the rain rate exceeded for 0.01% of an average year as a function of the latitude and longitude of a specific point on the surface of the earth. The spreadsheet is based upon ITU Rec. P.837-2 “Characteristics of Precipitation for Propagation Modeling”.  This Recommendation uses 3 data bases, that are contained within the spreadsheet, to look up values of Pr6(Lat, Lon), Mc(Lat, Lon) and Ms(Lat, Lon) based upon the latitude and longitude of the point of interest.  The final value for rain rate is based upon the four steps and several equations contained within the recommendation.

The spreadsheet is divided into six interlocked sub-sheets.  An “Input” sheet contains the locations and altitude of the 32 cities used in the NPRM.  A sheet labeled “work sheet” is where the actual lookups and calculations are performed.  The bilinear interpolations are performed along constant latitude lines first and then along the longitude line.  The rain rate exceeded 0.01% of the time is calculated.  This value is “hard-wired” into the worksheet in cell “AT1”.  The sub-sheet labeled “output” repeats the input location data, rounded to 1 decimal place, and includes the calculated value of R0.01(Lat, Lon),  the rain rate exceeded for 0.01% of an average year, again rounded to two decimal places.   The three sheets labeled “PR6”, “XMS” and “XMC” contain the ITU data bases required for the calculation.

The Mathcad sheet takes a number of input parameters and determines the percentage of time, in an average year, that a space system will experience a rain outage.  A geostationary satellite system is assumed. 

The input parameters are:
Satellite longitude (degrees)

Earth station latitude (degrees)


Earth station longitude (degrees)


Earth station altitude above mean sea level (km)


Frequency (GHz)

Rain Rate exceed 0.01% of the time (%) at the site of the Earth station

Rain margin (dB).  This is the amount of loss, and increase in noise temperature, due to rain that can be introduced in the communications link to drive the total link margin to zero. 

Polarization tilt angle for the satellite-to-earth station link.  Assumed to be 45 degrees (i.e., curricular polarization) for the BSS

The Mathcad sheet calculates the elevation angle from the earth station to the satellite and then uses the procedures and equations contained within ITU-R Rec. P618-6 to determine the rain loss exceeded for various percentages of an average year.   The value of rain margin is used, via a Mathcad interpolation function, to obtain the corresponding percentage of time.  For convenience, the attenuation vs. percentage of time curve is graphed towards the bottom of the sheet.  
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