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Machine Learning-Based Analysis of the Influence of Meteorological Variables
on Atmospheric Refractive Index in the Korean Peninsula
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Abstract

In this study, we analyzed the effects of the vertical gradients of pressure, temperature, and water vapor pressure on the atmospheric
refractivity gradient using meteorological data from seven upper-air observation stations across the Korean Peninsula from 2020 to 2023.
Through correlation coefficient analysis and machine learning techniques, we observed that, among the three meteorological factors, the
water vapor pressure gradient had the most significant influence on the refractivity gradient changes. Using the partial dependence plot
analysis, we quantified the relationships between the three meteorological variables and the refractivity gradient, confirming that the
impact of water vapor pressure variations was substantially greater than that of pressure and temperature changes. These findings indicate
that when operating radar systems in environments with significant water vapor fluctuations, such as coastal or mountainous regions,
priority should be placed on the vertical distribution characteristics of the water vapor pressure.

Key words: Atmospheric Refractivity, Machine Learning, Radar Wave Propagation, Random Forest, Water Vapor Pressure, XGBoost
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Table. 1. Example of upper air observation data
(2024.07.24. 12 Z).

Dewpoint | Relative
Height (m) Pressure Tempuerature temperature | humidity
(oo | ()
158 1,000.0 238 233 97
382 970.0 25.0 25.0 100
458 960.0 24.8 23.7 94
707 928.0 24.2 19.5 75
731 925.0 24.0 19.4 75
1,078 889.0 223 18.8 81
32,569 8.5 —413 —82.1
32,839 8.2 —40.0 —8L.5
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