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Exploring factors of stochastic simulation of monthly streamflow
series using the hidden Markov model

DR S S TR A X

LTI 4 KPR
® & B
Chia-Mei Kao Jeng-Tzong Shiau

# &

r,gﬂk FEIREREYLIE R TEES 12,6 £ 5 fed 3 E A;p;uziﬂ 3 el ol
2= A ol S = RPN 'ﬂi’ﬁ:’ﬁ FRBP TS ERE LT LR T F]PoK ‘/}EIFIW%FI,E'
iév:a‘_ﬂ ° sﬁ*ﬁé/ﬁ’i Lt R BRSBTS Bk R R

Rk ?]'J%])\ *’)’%' SURCER NP 0 Tk A TL)J'"J‘}E? R et
FeF Mo Ft AFT T R F RS T X fist (hlddenMarkovmodel)ﬂirr LEDIRE =S i =3
FA 2 RREFF o T R R ek FHHRS BN R

#°
A2 EF L BAINEIE L O #f%:?‘ :& 1950 72021 & cEp f g
ARG Au R LR TR R T R TS ERE T A
Fo TR R AR BCE %M ® i) ‘ii,,,wh:%r mo R E R VBRI /ﬁ J,T;,ﬁfg_,rrp” L
# £ (%difference)fr4p ,;aLi 353 3% £ (relative mean absolute difference, RMAD) 4 47 22 F
LB A BAER T RSN F R eI P TR AR L EAR) oA H Y
XSS B R fS e R F&L‘%ﬁ«% AW SR G A Rislidge Bk 2R
BT ARG A2 oon AR LA BREZERE T ARG ELIEL

WA D RAE T LS RS ROR YRE

F

Abstract

The annual average rainfall in Taiwan is approximate 2.6 times that of the world average.
However, due to the dense population, spatio-temporal uneven distributed rainfall, and the
reduced reliability of water supply caused by global climate change, water resource
management is even more important than before. Stochastic simulation model can be used to
generate long streamflow series, which possesses the statistical properties of historical data.

The reproduced streamflow series provides alternatives instead of historical data to evaluate
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performance and reliability of water-resources systems. This study employs the hidden Markov
model (HMM) to stochastic simulate the monthly streamflow series and explore the factors
influencing the simulated results. The observed monthly streamflow data from 1950 to 2021 at
the Lan-Yang Bridge station in the Lan-Yang River basin are selected as the case study in this
study. The original and logarithmically transformed monthly streamflow data are used to
establish HMMs, respectively. Different state numbers and generation numbers are used to
simulate the monthly streamflow series with the same length of the historical data. The
simulated results are evaluated by the percentage difference and the relative mean absolute
difference (RMAD). The results show that declined errors are observed with increasing
generation number. Among HMMs, the performance of the HMM with log-transformed data
and 4 states is the best. The HMM with original data and 4 states ranks second, while the HMM

with original data and 2 states has the worst performance.

Keywords: hidden Markov model, stochastic simulation, monthly streamflow
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