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Root Cause Analysis in Multivariate Time-Series Data Using Granger Causality
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(IKyushu Institute of Technology

In recent years, the advancement of IoT and observational technologies has led to the accumulation of multivariate time
series data across a wide range of fields, from natural sciences to industry. Estimating causal relationships among variables
from these data and identifying the fundamental factors that drive fluctuations in the target variable are essential for under-
standing phenomena and making informed decisions. In this study, we propose a root cause analysis method based on the
Granger causality test. The Granger causality test is a statistical method that evaluates whether the past values of one time
series can statistically improve the prediction of another time series, thereby determining the presence of a pseudo-causal
relationship between two variables. Our method sequentially searches for variables with significant Granger causality by
tracing backward from the target variable, performs only the necessary tests to construct a Granger causality graph, and ex-
tracts the starting nodes on the causal paths as the root causes. The advantage of this method is that it reduces computational
cost by conducting only the necessary tests sequentially, compared to conventional methods that test causal relationships for
all variable pairs, while still identifying both direct and indirect sources of influence on the target variable. For root cause
analysis, we apply the proposed method to observational data, including solar activity, solar wind parameters, and geomag-
netic variations and evaluate the results in comparison with the existing time-series causal discovery method, PCMCI (Peter
and Clark Momentary Conditional Independence). Using the Dst index, representing geomagnetic storm activity, as the target
variable, and solar activity indicators such as sunspot numbers as explanatory variables, we conduct a root cause analysis.
The results show that the selected parameters and causal structure are consistent with established scientific knowledge, and
that our approach yields a structure more consistent with domain expertise and easier to interpret.
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