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Abstract

Many researchers have raised reliability concerns about applying linear correlations when looking at drought
propagation. The essence of propagation from meteorological to hydrological drought is the causal relationship
between precipitation and runoff. Causal analysis in hydrology is a burgeoning area of modeling, but it is still rarely
done using observational data. This study aims to provide a new perspective on drought propagation (i.e., causality)
using a convergent cross mapping (CCM) technique based purely on observations. The causal influence between the
standardized precipitation index and the standardized stream flow index in the Hapcheon Dam basin in the
southeastern part of the Korean Peninsula is analyzed using observations from 1989 to 2023. Using the standardized
streamflow index calculated from dam inflow and dam discharge, this study examines how the transmission of
meteorological drought to hydrological drought was affected by the dam. Compared to the results of existing studies, this
paper shows how applying causal analysis in drought propagation studies differs from applying linear correlation analysis.
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Fig. 2. Average monthly hydrologic data in the Hapcheon Dam
watershed(data period: 1989-2023)
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Fig. 6. CCM results of drought propagation from SPI to SRI-1 for various SPI time—scale
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Table 1. Final results of CCM and LCA analysis

Method SPI-SRIn SPI-SRIa SPI-SRIafn
time—scale 10—day 360-day 330-day
E 4 4 44
CCM
n 0-day 12-day 22-day
p 0.76 0.68 0.40
time—scale 20-day 360—day 360—day
LCA n 0-day 9-day 0-day
p 0.72 0.66 0.39
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