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An Empirical Model of Effective Path Length for
Rain Attenuation Prediction
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Abstract

The engineering of satellite communication systems at frequencies above 10 GHz requires a method for estimating
rain-caused outage probabilities on the earth-satellite path. A procedure for predicting a rain attenuation distribution from
a point rainfall rate distribution is, therefore, needed.

In order to predict rain attenuation on the satellite link, several prediction models such as ITU-R, Global, SAM, DAH
model, have been developed and used at a global basis. However, since these models have been developed under a
particular propagation condition, they may not be appropriate to a propagation condition in Korean territory.

In this paper, a new rain attenuation prediction method appropriate to a propagation condition in Korea is introduced.
Based on the results from ETRI measurements, a new method has been derived for an empirical approach with an
identification of the horizontal correction factor as in current ITU-R method, and the vertical correction factor has been
suggested with decreasing power law as a function of rainfall rate. This proposed model uses the entire rainfall rate
distribution as input to the model, while the ITU-R and DAH mode! approaches only use a single 0.01% annual rainfall
rate and assume that the attenuation at other probability levels can be determined from that single point distribution.

This new model was compared with several world-wide prediction models. Based on the analysis, we can easily know
the importance of the model choice to predict rain attenuation for a particular location in the radio communication
system design.
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Fig. 2. Structure of rain attenuation path.
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& : Rainfall Rate distribution
A : Rain Attenuation distribution
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Fig. 3. Observed distributions of rainfall rate and
attenuation.
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Fig. 4. Rain attenuation characteristics at 12.25 GHz.
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[ & : Effective path length by ITU-R method
¢ : Effective path length by ETRI analysis
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Fig. 5. Characteristics of empirical effective path length.
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< : slant path sdjustment factor
A : horizontal adjustment factor
& : vertical adj 1t factor
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Fig. 6. Horizontal and vertical adjustment factor.
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Fig. 7. Prediction results of rain attenuation.
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