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ABSTRACT

Several studies regarding drought indices and criteria have been widely studied in the literature. If one defines the onset, severity, and
end of droughts, in general, a certain threshold needs to be set to assess the drought events. However, the uncertainty associated with
the threshold is a critical problem in drought analysis. To take full advantage of the inherent features in the rainfall series, a Hidden
Markov Model (HMM) based probabilistic drought analysis was proposed rather than using the existing threshold based analysis. As
a result, the proposed HMM based probabilistic drought analysis scheme shows better performance in terms of defining drought state
and understanding underlying characteristics of the drought. In addition, the HMM based approach is capable of quantifying the
uncertainties associated with the classifying meteorological drought condition in a systematic way.
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Fig. 1. Definition of Drought State Using the Run Theory for a
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Table 1. Transition Probability Matrix of Hidden States for Average Deficit of Rainfall at Seoul Station
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State-1 State-2 State-3 State-4 State-5 State-6 State-7
State-1 0.50 0.30 0.17 0.00 0.00 0.03 0.00
State-2 0.20 0.35 0.26 0.00 0.00 0.19 0.00
State-3 0.01 0.09 0.49 0.14 0.19 0.07 0.01
State-4 0.00 0.00 0.41 0.39 0.18 0.00 0.02
State-5 0.00 0.20 0.02 0.00 0.63 0.15 0.01
State-6 0.08 0.12 0.02 0.15 0.00 0.55 0.08
State-7 0.03 0.06 0.11 0.00 0.00 0.13 0.67
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Table 2. Transition Probability Matrix of Hidden States for Average Deficit of Rainfall at Busan Station

State-1 State-2 State-3 State-4 State-5 State-6 State-7
State-1 0.37 0.63 0.00 0.00 0.00 0.00 0.00
State-2 0.11 0.27 0.47 0.00 0.10 0.05 0.00
State-3 0.03 0.19 0.34 0.00 0.41 0.00 0.02
State-4 0.01 0.08 0.28 0.43 0.19 0.00 0.00
State-5 0.00 0.00 0.00 0.23 0.38 0.34 0.05
State-6 0.00 0.05 0.03 0.21 0.00 0.60 0.10
State-7 0.00 0.02 0.05 0.11 0.00 0.09 0.73
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Fig. 4. SPI According to Drought State and Their Frequency
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Table 3. Transition Probability Matrix of Drought States for SPI at Seoul Station
State-1 State-2 State-3 State-4 State-5 State-6 State-7
State-1 0.61 0.00 0.34 0.00 0.00 0.05 0.00
State-2 0.27 0.55 0.08 0.05 0.04 0.00 0.00
State-3 0.00 0.00 0.53 0.04 0.08 0.34 0.01
State-4 0.00 0.68 0.12 0.06 0.00 0.14 0.00
State-5 0.22 0.11 0.00 0.27 0.00 0.29 0.11
State-6 0.00 0.09 0.01 0.20 0.09 0.50 0.11
State-7 0.09 0.00 0.00 0.25 0.00 0.00 0.66
Table 4. Transition Probability Matrix of Drought States for SPI at Busan Station
State-1 State-2 State-3 State-4 State-5 State-6 State-7
State-1 0.48 0.45 0.00 0.00 0.00 0.07 0.00
State-2 0.00 0.23 0.06 0.16 0.51 0.03 0.00
State-3 0.32 0.02 0.28 0.35 0.00 0.03 0.00
State-4 0.06 0.00 0.17 0.38 0.12 0.24 0.04
State-5 0.02 0.00 0.35 0.11 0.24 0.27 0.00
State-6 0.00 0.00 0.00 0.00 0.49 0.19 0.31
State-7 0.02 0.02 0.05 0.06 0.17 0.07 0.62
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Fig. 5. Posterior Probabilities of Hidden State over Time
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