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Theoretical Dilemma of Relative Humidity Calculation Below Zero:
Comparative Analysis and Experimental Study Based on Supercooled Water
Model and Ice Surface Model

[ Abstract ] Accurate calculation of relative humidity below zero is a long—standing theoretical difficulty and
practical challenge in the field of humidity metrology. This paper comprehensively investigates the systematic differenc—
es in relative humidity calculation between the supercooled water model and the ice surface model under the sub—zero
temperature conditions. By comparing the saturation vapor pressure calculation formulas of the two models (including
the Magnus formula recommended by WMO and its modified forms), theoretical analysis shows that the difference in
saturation vapor pressure between the two models varies non—linearly within the temperature range of =30 “C to 0 °C.
An experiment on relative humidity measurement below zero was designed and implemented. With a high—precision
chilled—mirror dew—point hygrometer adopted as the reference standard, low—temperature humidity generators applying
two distinct calculation methods were measured, and the relative humidity differences between the two approaches were
further analyzed. This paper further discusses the specific impacts of diverse standard selections on meteorology, aviation,
industry and other fields, proposes model selection principles based on application scenarios, measurement purposes and
error tolerance, and provides guidance for users to calculate relative humidity at low temperatures. >

[ Keywords ] Relative humidity calculation; Supercooled water model; Ice surface model; Saturation vapor pressure
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