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Abstract

최근 연구에 의하면 기상 등의 외부  요인이 수문학  빈도를 변화시킨다고 알려지고 있다. 그러나 통

인 수문학  빈도해석은 자료의 정상성을 제로 하기 때문에 어떤 외부인자의 따른 향을 고려할 수 없다. 

본 연구에서는 비정상성 빈도해석 모형의 기본 개념  차에 해서 살펴보았고 이를 국내 자료에 해서 

용 검토하 다. 본 연구에서는 계층  Bayesian 방법을 이용하여 한국에서 극치사상의 향을 미치는 다양한 

향 인자를 평가하 다. 해수면온도, 측 GCM 강수량  기상인자를 잠재 인 향인자로 고려하 다. 수문 

험도 분석에 련된 매개변수는  Markov Chain Monte Carlo (MCMC) 방법을 이용하 다. 각 측 인자의 

합성  요성은 각 측인자와 련된 매개변수의 사후분포를 이용하여 검토 평가하 다.
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1. Introduction

Climate is continuously changing and the signature of change is evident in records of hydrologic cycle 

and rainfall patterns. The most prominent example of interannual climate variability, El Niño-Southern 

Oscillation (ENSO), has been extensively investigated for its apparent effects on hydrologic variables. 

Mounting evidence demonstrates that climate variability also modifies the frequency of extreme 

hydrologic events (Kwon et al., 2007;  Sankarasubramanian and Lall, 2003). It was found that large 

floods at a given site may be related to large scale atmospheric circulation anomalies and studied the use 

of mixture models for estimating flood frequency. More specifically, large scale circulation anomalies such 

as the  Pacific Decadal Oscillation (PDO) and the Northern Atlantic Oscillation (NAO) which exhibit low 

frequency modes, may result in decadal scale variability in flood risk. 

In recent decades, water resources managers are challenged by the recognition of nonstationarity in 

the frequency distribution of extreme hydrologic events. While the impact of climate variability on flood 

risk is acknowledged, promising use of this information, such as seasonal forecasts of flood risk and 

incorporation in flood management methodology remains rare. The existing techniques for flood frequency 

analysis regard the time series of annual maximum floods as stationary, an implicit assumption that the 

distribution of flood flows is not significantly affected by climatic conditions (Sankarasubramanian and 

Lall, 2003). However, observed flood records that exhibit cycles, secular trends and low frequency 

variability provide evidence that the stationarity assumption is not valid in many cases. Furthermore, 

cyclical modes of variability in the frequency spectrum of hydrologic variables invalidate the common 

practice of treating hydrologic variables independently from the frequency of their generating 

mechanisms. In fact, they introduce the potential for prediction, for example of periods of enhanced flood 
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risk.

Previous studies have modeled the impact of exogenous (to the flow record) variables on flood risk. A 

parametric quantile regression approach and a semiparametric local likelihood approach using climate 

indices were compared using synthetic data sets and for data from a streamflow gauging station in 

Montana (Sankarasubramanian and Lall, 2003). This study builds from that approach, comparing available 

surface and climate data as predictors of annual flood risk.  In this study, a Bayesian modeling is used 

to estimate the mean values and distributions of the parameters of the flood frequency distribution.

2. Climate Informed Bayesian Flood Frequency Analysis

A Bayesian based Nonstationary Flood Frequency Analysis model is proposed to incorporate 

nonstationarity using time-dependent climate predictors. The objective of Bayesian inference is to 

compute the posterior distribution of the desired variables, in this case the parameters of the annual 

maximum flood distribution. The posterior distribution ∣  is given by Bayes Theorem as follow:

∣ 

×∣






×∣

×∣
(1)

where   is the vector of parameters of the distribution to be fitted,   is the space parameter, 

∣  is the likelihood function,   is the vector of observations and   is the prior distribution. 

Here, we present a method for incorporating climate information into updated estimates of the parameters 

for the extreme value distribution used to represent the annual maximum flood. The Bayesian based 

Nonstationary Flood Frequency Analysis is expressed in terms of both a location (mean) parameter   

and a scale (standard deviation) parameter , which both change with time,  . The parameters are 

hypothesized to be functions of climate indicators, such as SST, snowpack and GCM output that are 

developed here and others, such as ENSO and PDO, that are generally recognized climate phenomena 

with expected local impacts. Using the Gumbel extreme type distribution, the distribution of annual peak 

flood    can be modeled as follows:

 ∼  (2)

Figure 1. Nonstationary flood frequency 

Concepts with Hierarchical Bayesian Model
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3.  Applications and discussion

The largest flow volumes in Montana streams usually occur during the spring and early summer 

months with the melting of the winter snowpack. The mechanisms for peak values are heavy rains 

falling during the spring thaw of a large snowpack. Here we evaluate the influence of the preceding 

snowpack near the streamflow station. The preceding snowpack (January-February-March-April) are 

averaged over eleven stations, and then used as a predictor in the model. 
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Figure 2. 10 0  year return period flood with 

The final predictor used for flood risk estimation is output from the ECHAM 4.5 GCM. The ability to 

use GCM output to reproduce important hydrologic variables such as annual flood risk in present time 

may guide the use of such output for estimations of future flood risk under climate change scenarios. 

For this reason, we evaluate the ability of GCM output to produce skillful prediction of annual maximum 

streamflow. Winter precipitation is used because of the high skill achieved using observed snowpack. 

The nonstationarity of the annual maximum flood on the Clark Fork River is apparent in the time series 

depicted in Figure 2. In addition to the stochastic nature of extreme events, there is evidence that the 

flood time series is influenced by climate anomalies, that is, persistent anomalous conditions of 

climatologic variables such as SSTs at seasonal or longer timescales. 

Each of the climate indicators was then evaluated as a predictor of the annual peak flow using the 

Hierarchical Bayesian model to estimate the parameter values of the extreme value distribution function. 

Bayesian estimation of the parameter values allows the estimation of confidence intervals for each 

parameter. Note that uncertainty bands are smallest for the snowpack and SST predictors. Estimates of 

the annual flood value with 1% probability of occurring in a given year were produced using the 

Bayesian model based on each predictor. Each time series also includes the confidence interval based on 

the uncertainties associated with the parameter estimation. The signals show strong nonstationarity. In 

addition, they demonstrate the skill of the climate predictors in indicating the pronounced increases and 

decreases in flood risk inter-annually. Given the parameters of Gumbel distribution, Gumbel probability 

density function with different predictors is shown in Figure 3a. Figure 3b shows a probability density 

function in Seoul when trend is considered.
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This study investigated use of a Bayesian hierarchical model to estimate annual flood risk based on 

climate indicators in comparison with traditional flood risk estimation. The results demonstrate 

statistically significant links to climate patterns. The Bayesian hierarchical model allowed estimation of 

uncertainty bands for model parameters and flood risk estimates and detection of nonstationarity in flood 

risk. Used in prediction mode, the climate indicators exhibited the ability to capture year to year 

variations in flood risk and to provide a reduction in the uncertainty accompanying the estimated value 

of the 100 year flood. 
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