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Abstract

Flood planning needs to recognize trends for extreme precipitation events. Especially, the r-year return
level is a common measure for extreme events. In this paper, we present a nonstationary temporal model for
precipitation return levels using a hierarchical Bayesian modeling. For intensity, we model annual maximum
daily precipitation measured in Korea with a generalized extreme value (GEV). The temporal dependence
among the return levels is incorporated to the model for GEV model parameters and a linear model with
autoregressive error terms. We apply the proposed model to precipitation data collected from various stations
in Korea from 1973 to 2011.
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Figure 2.1. Yearly maximum precipitations (block maxima) of Ulleung-do, Geoje, Haenam and Daegu (clockwise
from the left).
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Table 4.1. Posterior means and standard errors of all model parameters at Ulleung-do, Geoje, Haenam and Daegu.

Coefficient 2S5 kil Rk i

Est. S.E Est. S.E Est. S.E Est. S.E
ap 66.586 1.389 100.744 1.803 97.692 3.025 69.567 1.666
[e%1 2.187 0.224 1.642 0.291 2.045 0.488 1.965 0.269
Bo 2.887 0.062 3.662 0.069 3.300 0.063 3.351 0.054
51 0.033 0.010 —0.039 0.011 0.045 0.010 0.032 0.008
Yo 0.386 0.066 0.333 0.065 0.724 0.089 0.244 0.021
o1 —0.040 0.011 —0.022 0.010 —0.066 0.014 —0.034 0.003
b1 0.409 0.339 —0.340 0.329 0.089 0.351 —0.367 0.266
b2 0.078 0.307 0.604 0.320 0.345 0.341 0.076 0.304
b3 0.184 0.316 10.534 0.389 0.269 0.326 —0.131 0.286
T1 1.865 0.869 2.422 0.978 4.241 1.893 1.812 0.849
T 0.077 0.003 0.085 0.004 0.087 0.004 0.065 0.003
T3 0.086 0.004 0.085 0.004 0.120 0.007 0.025 0.001
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Figure 4.1. Estimated location (left), scale (middle) and shape (right) parameters of GEV distributions for each

time interval at Ulleung-do (left) and Daegu (right).
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Figure 4.2. Posterior means of the return levels at Ulleung-do, Geoje, Haenam and Daegu (clockwise from the
left).

29 ZWNE B YL A 218717} 2 2

9 APAL WAL T Aolo] the 274 A7 Bed Ao B, AvAom A
B4 Waje] M Fx) geerel 49 WARSHT HEEL0 S Wol WA 220 Zulo|A
£ QgRsol o Us weshe A2 & 4 AUtk 2AH0 AdE By 7128 B3] o
3 BHAQ Hefol 2o B3 ATE 5 Ao AR

References

Casson, E. and Coles, S. (1999). Spatial regression models for extremes, Extremes, 1, 449-468.
Coles, S. G. (2001). An Introduction to Statistical Modeling of Extreme Values, Springer-Verlag, London.

Coles, S., Heffernan, J. and Tawn, J. (1999). Dependence measures for extreme value analysis, Exztremes, 2,
339-365.



148 Yongku Kim

Cooley, D., Naveau, P., Jomelli, V., Rabatel, A. and Grancher, D. (2006). A Bayesian hierarchical extreme
value model for lichenometry, Environmetrics, 17, 555-574.

Cooley, D., Nychka, D. and Naveau, P. (2007). Bayesian spatial modeling of extreme precipitation return
levels, Journal of the American Statistical Association, 102, 824—-840.

Cunderlik, J. M., Burn, D. H., Posbherg, D., Robinson, B. A. and Zyvoloski, G. A. (2008). Generalized likelihood
uncertainty estimation(GLUE) using adaptive Markov Chain, Journal of Hydrology, 276, 210-223.

de Haan, L. (1985). Eztremes in Higher Dimensions: The Model and Some Statistics, In Proceedings of
the 45th Session of the International Statistical Institute.

Embrechts, P., Klippelberg, C. and Mikosch, T. (1997). Modelling Extremal Events for Insurance and Fi-
nance, Springer-Verlag, Berlin.

Heffernan, J. E. and Tawn, J. A. (2004). A conditional approach for multivariate extreme values, Journal of
the Royal Statistical Society, Series B, 66, 497-546.

Jang, S. W, Seo, L., Kim, T. W. and Ahn, J. H. (2011). Non-stationary rainfall frequency analysis based on
residual analysis, Journal of the Korean Society of Civil Engineers, 31, 449-457

Lee, J. J. (2010). Assessment of Non-Stationarity in Precipitation and Development of Nonstationary
Frequency Analysis, Ph.D Thesis, Chonbuk National University.
REVSTAT - Statistical Journal, 4, 81-109.

Schlather, M. and Tawn, J. (2003). A dependence measure for multivariate and spatial extreme values:
Properties and inference, Biometrika, 90, 139-156.

Strupczewski, W. G., Singh, V. P. and Mitosek, H. T. (2001). Non-stationary approach to at-site flood
frequency modeling III: Flood analysis of Polish rivers, Journal of Hydrology, 248, 152—167.



A Hierarchical Bayesian Modeling of Temporal Trends in Return Levels for Extreme Precipitations 149

ol
I
Ral
12
IRa
OfN
Ol

Ol Thier Preks=D19] |0 A| F

rA=ststey SHSH

(20154 2 10 &4, 20154 3 129 3, 20154 3& 12 AHE)

O Ok

a5
2ol uAA 3 24 Asel osl ASA WAL BYS Agske] A7kl WE B4o) WslE F48
o, o) BE A5l U Fugk RS Sskn o olrh wE 2ol tig A% oS ghe AnA} ek o
Ao A FA PN B A4 AR B4 24AT A9, A2o) A4 A4 sl 2N B4E 24
Eopiom, A Vehd WA 24 AT 2o) Bade] AAE B2 Bad WE) dlaE s A9 A
A7 AR o @ BARS A 8l mae UL ATl BE A7) 47 AW B9 B4 AY
B AZA WolA BYe T AQE 2ye) 52AL T FalA 1973135 20118714 30 F
o) Lejuet oA o) A4 BE2olN BEH A 29T AR AgS] thEA Tt 222 Generalized
Extreme Value(GEV) 20| 373, AZH Wlol At BHE ol g3l o5 Lxo| By A7|4akw A7
2S£ F el Aol tha M|k oja A7) W Aee st

801: HO[X|Q A, HARP3, ST}, generalized extreme value 2%, YtStRT| AIZH23.

o L 2014 % AR (vl F2AR) ] AYoE FFATATE A AL Wol YW A2 ATALY (No.
2014R1A1A1007075).

1(702-701) th-F A B kg 80, AEthetw EA 83} E-mail: kim.1252@knu.ac.kr



