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ABSTRACT 
 

The traditional hydrologic frequency analysis assumes that climate, and hence the 
frequency of hydrologic events is unchanging over time. But, Hydrologists have 
always   known our world is inherently non-stationary, and they routinely deal with this 
in management and planning. The goal of this paper is to give a brief introduction to 
non-stationary extreme value analysis methods and how does climate change effect 
on Design flood estimation in Korea. The design approach of the drainage system 
has limitation not to consider the extreme rainfall condition of which I-D-F curve is 
non-stationary by climate change and variability. 
 
In this paper, design rainfall by rainfall duration and non-stationary I-D-F curve are      
derived by the conditional GEV distribution. Furthermore, the effect of design flood    
with increase of rainfall intensity was analyzed by distributed rainfall-runoff model,     
S-RAT. Although there are some difference by rainfall duration, the traditional I-D-F   
curves underestimates the extreme rainfall events for high-frequency rainfall 
condition. As a result, this paper suggests that traditional I-D-F curves could not be 
suitable for the design of drainage system under climate change condition. 
 
Keywords: climate change, Non-stationary, I-D-F curve, S-RAT, Design flood. 

 
1. INTRODUCTION 
 
The design concept of the drainage systems is based on the I-D-F (Intensity – 
Duration – Frequency) curve for each region. I-D-F curve is developed on the basis of 
the previous rainfall time-series data. Also, it calculates the rainfall intensity 
corresponding to the specific time (for example, 1 hour, 2 hours, 6 hours, and 24 
hours) by making the theoretical probability distribution suitable to the extreme annual 
rainfall. The current I-D-F curve is based on the conception that the probability of an 
extreme rainfall event does not show a meaningful change with time. But climate 
change considers that the I, D and F of rainfall could change with time (IPCC, 2007).  
 
Considering that extreme rainfall events beyond the design size of hydraulic and 
hydrologic facilities have recently taken place and that they have destroyed a number 
of hydraulic structures and flood protection systems, it is important to figure out the 
current temporal and spatial characteristics of extreme rainfall events (Osborn, 2000; 
Osborn and Hulme, 2002). Similarly, it is also important to understand how extreme 
rainfall events might change under future climate change and how the distribution 
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form will change during the design period of the hydraulic facilities (Fowler and Kilsby, 
2003 a, b). 
 
Previous studies argued that the design of the urban drainage systems should be 
revised so that the I-D-F curve method can properly explain climate change wherein 
an increase in localized torrential rain has been observed. So far, a number of studies 
have been conducted, which chiefly deal with the intensity or frequency of rainfall. In 
addition, the multivariate frequency analysis has also been performed. Nevertheless, 
there are few methods that can estimate the intensity, duration, frequency of rainfall, 
and change in their uncertainty in a Non-stationary climate.  
 
Kim et al. (2008) used the SRES B2 scenario to analyze the I-D-F curve in order to 
consider the climate change and distribution characteristics of extreme rainfall events 
caused by climate change. Kim et al. (2008) proposed a method to calculate the 
probability rainfall suitable to each region. The proposed method calculates the 
probability rainfall during the future period and then compares it with the increase and 
decrease rate tendency of the existing observed value in order to analyze the effects 
of climate change on the design standards for hydraulic structures. Meanwhile, Seo et 
al. (2012) proposed a method to calculate the ensemble probability rainfall by 
connecting the relationship among the annual rainfall time series, the observed 
annual largest rainfall time series, and the parameter of the probability distribution 
function through the regression model in order to calculate the design rainfall 
reflecting climate change. Kim and Ha (2013) calculated the design rainfall for the 
duration and frequency to which the Non-stationary frequency analysis technique was 
applied by using the RCP (Representative Concentration Pathways) 8.5 scenario in 
order to estimate the effects of climate change on the drainage systems.  
 
The aim of this study is to drive the Non-stationary I-D-F curve by using the 
conditional GEV (Generalized Extreme Value) distribution, which takes into 
consideration the RCP 8.5 climate change scenario, as well as to evaluate the effects 
of climate change on the design flood. Figure 1 below shows the flow of this study. 
 

 

Figure 1. Flowchart of study 
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2. ANALYSIS DATA AND METHODOLOGY 
 
2.1  Description of Climate change scenario data 
 
This thesis used the local climate change scenario data of the RCP 8.5 produced at 
the 12.5 km resolution of HadGEM3-RA as the Meteorological Administration 
observation post through the bilinear interpolation, in order to predict extreme rainfall 
in the future in South Korea (refer to Fig. 2).  
 
While we used the RCP 8.5 forecast data to examine the change in the future (2011-
2040) in preparation for the current climate (1980–2005), the RCP 8.5 is an emission 
scenario under the assumption that no policy to reduce greenhouse gases, which 
corresponds to the A2–A1F1 of SRES. 
 

 

Figure 2. Grid of climate change scenario and location of weather station  
 
2.2  Conditional GEV Distribution and Non- Stationary frequency analysis 
 
The stationary frequency analysis technique, which has been the most widely used so 
far, statistically expresses extreme rainfall through the GEV probability distribution 
(Coles, 2001). The cumulative density function of the GEV probability distribution is 
identical to formula (1), and the extreme rainfall to the return period (T) can be 
estimated using formula (2). 
 

F(z) = exp {−[1 + ξ (
z−μ

σ
)]−1/ξ}  (1) 

T =
1

[1−F(z)]
     (2) 

 
Here, a, b and c are the location parameter, the scale parameter and the shape 
parameters, respectively. 
 
In the stationary base, the return period is independent of time, and this concept is 
used to estimate the service level of a specific hydraulic structure. For example, if the 
return period of a structure is 100 years, it means that it is designed to withstand an 
event that, on average, takes place once per 100 years. In the Non-stationary base, 
however, it means that the frequency of the occurrence of extreme rainfall can 
change in time. As mentioned in the introduction, climate change goes remarkably 
beyond the tendency of extreme events taking place in the past and, therefore, the 



2nd World Irrigation Forum (WIF2) 
6-8 November 2016, Chiang Mai, Thailand 

W.2.1.05 

 

 
4 

 

series of annual maximum, SAM, will no longer satisfy the assumption of stationarity. 
Non-stationarity is expressed as a case in which the first and second moment of the 
probability distribution can change according to time. This thesis used the conditional 
GEV probability distribution to conduct a non-stationarity frequency analysis, which is 
expressed using equation (3). 
 

F(z, t) = exp {−[1 + ξ(t) (
z−μ(t)

σ(t)
)]−1/ξ(t)}  (3) 

 
Here, 𝜇(𝑡)  is the position parameter is dependent on the time variable, 𝜎(𝑡)  is a 
variable dependent on the time scale, 𝜉(𝑡)  refers to the shape parameters are 
dependent on time. 
 
This thesis reflected an external explanation variable by using a linear model for each 
location parameter and each scale parameter. 𝜇(𝑡) , the time-dependent location 
parameter, and 𝜎(𝑡) , the time-dependent scale parameter, can be expressed as 
follows. Here, 𝑥(𝑡)means the external explanation variable. 

 

𝛍(𝐭) = 𝛍𝟎 + 𝛍𝟏𝐱(𝐭)    (4) 

𝛍(𝐭) = 𝛍𝟎 + 𝛍𝟏𝐱(𝐭)    (5) 

𝛏(𝐭) = 𝛏      (6) 

 
2.3  S-RAT (Spatial Runoff Assessment Tool) MODEL 
 
The S-RAT model was designed to simulate a change in the temporal and spatial 
runoff in a study basin by using GIS data to form the lattice with a fixed targeted basin 
size and by calculating the hydrological balance for each lattice according to the time 
interval and conception. In addition, the most significant characteristic of the S-RAT 
model is that it is independent of the GIS model and that it can draw and simulate the 
Grid to Grid method. The S-RAT model into which DEM, land use, and soil can be put 
in a file with the form of the ESRI-ASCII creates the topography parameter from DEM. 
Furthermore, the S-RAT model calculates the value of CN for each lattice from soil 
and land use as well as conducts the runoff calculation and pursues temperature data 
to finally create a runoff simulation data at the simulation point. Figure 3 shows the 
analysis flowchart of the S-RAT model. 
 
The pursuit of runoff using the S-RAT model was conducted using the Muskingum-
Cunge method and the finite-difference method for both ground runoff and 
underground runoff. Meanwhile, the value of roughness coefficient for each lattice 
necessary to this process was created from the input and reflected land use. The 
estimation of the water balance for each lattice is identical to formula (7). 
 
𝑑𝐹(𝑡)

𝑑𝑡
= −𝐹(𝑡) [

1

𝐻𝑠
+

𝑃

𝐻×𝑆
] + 𝑃 − 𝐸  (7) 

 

3. APPLIACTION AND RESULTS 
 
3.1  Study of watershed and meteorological data used in paper 
 
This thesis predicted the effects of climate change on the future design flood while 
choosing the Seomjin River as its study basin. Figure 4 shows the basin locations 
along the Seomjin River and the current situation of the hydrometric stations located 
in the basin. The basin of the Seomjin River is located in the southern and central 

western part of the Korean Peninsula at a longitude of 126° 51′ 41″ – 127° 52′ 56″ 
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and a latitude of 34° 40′ 9″ – 35° 49′ 60″. Its flow length is 222.05 ㎞, and its basin 

area is 4,914.32 ㎢, thus making it South Korea’s fourth largest basin.  

 

 

Figure 3. Flowchart of S-RAT Model 

 

 

 

Figure 4 (a) Location of Seomjin Figure 4 (b) Location of weather stations 

Figure 4 description of study watershed 
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Table 1. Description of weather station used in this study 

Stationcode Station name latitude  longitude Data period 

146 Jeonju 25-24-07 127-23-49 1961∼2014 

168 Yeosu 34-44-20 127-44-27 1961∼2014 

244 Imsil 35-36-43 127-17-09 1973∼2014 

245 Jeongeup 35-33-46 126-51-57 1973∼2014 

247 Namwon 35-24-31  127-23-29 1973∼2014 

256 Suncheon 35-01-12 127-22-08 1973∼2014 

 
3.2  Comparison of Stationary and Non-stationary frequency analysis 
 
Figure 5, which shows the comparison of the results of the stationary frequency 
analysis and the non-stationary frequency analysis for each rainfall station within the 
basin of the Seomjin River, found that the result of the non-stationary frequency 
analysis was more increased than that of the stationary frequency analysis. It was 
also found that the difference became particularly larger as frequency rose.  
 

 
 

(a) Stationary (b) Non-Stationary 

Figure 5(a) Comparison of Frequency Analysis (Jeonju) 

 

 
 

(a) Stationary (b) Non-Stationary 

Figure 5(b) Comparison of Frequency Analysis (Yeosu) 
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(a) Stationary (b) Non-Stationary 

Figure 5(c) Comparison of Frequency Analysis (Imsil) 

 
 

(a) Stationary (b) Non-Stationary 

Figure 5(d) Comparison of Frequency Analysis (Jeongeup) 

  

(a) Stationary (b) Non-Stationary 

Figure 5(e) Comparison of Frequency Analysis (Nanyuan) 

  

(a) Stationary (b) Non-Stationary 

Figure 5(f) Comparison of Frequency Analysis (Suncheon) 

Figure 6, which represents the I-D-F curve, found that as the duration was shorter, 
the difference between the low frequency and the high frequency became larger in 
Jeonju and Jeongeup. Also, it was found that the I-D-F curve was higher compared 
with the present Yeosu. Moreover, Figure 6 showed that the difference was not large 
when the frequency was low, but it grew as the frequency rose in Imsil. In relation, as 
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duration grew shorter, the I-D-F curve increased in Imsil, which was particularly 
shown in the case of the 200-year frequency.  
 

  

(a) 10 year (b) 30 year 

  

(c) 100 year (d) 200 year 

Figure 6(a) I-D curve of Stationary and Non-Stationary (Jeonju) 

 
 

  

(a) 10 year (b) 30 year 

  

(c) 100 year (d) 200 year 

Figure 6(b) I-D curve of Stationary and Non-Stationary (Yeosu) 
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(a) 10 year (b) 30 year 

  

(c) 100 year (d) 200 year 

Figure 6(c) I-D curve of Stationary and Non-Stationary (Imsil) 

 

  

(a) 10 year (b) 30 year 

  

(c) 100 year (d) 200 year 

Figure 6(d) I-D curve of Stationary and Non-Stationary (Jeongeup) 
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(a) 10 year (b) 30 year 

  

(c) 100 year (d) 200 year 

Figure 6(e) I-D curve of Stationary and Non-Stationary (Nanyuan) 

 

  

(a) 10 year (b) 30 year 

  

(c) 100 year (d) 200 year 

Figure 6(f) I-D curve of Stationary and Non-Stationary (Suncheon) 
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3.3  Probability flood Estimation using S-RAT Model 
 
This study used the GIS topographical data it acquired from the Water Resources 
Management Information System (WAMIS) to develop the topographical input data of 
the distribution runoff model. Also, it will use the runoff flowchart, CN, and the 
roughness coefficient by recalculating them for each lattice while using such 
topographical data. Figure 7 (a) to (c) shows the input data such as digital terrain 
elevation data, land use, and soil, while Figure 7 (d) to (f) shows the input values of 
the calculated distributed model. 
 

  

 

Figure 7(a) Dem Figure 7(b) Land Use Figure 7(c) Soil  

 

  

Figure 7(d) Flow direction Figure 7(e) Curve Number Figure 7(f) Roughness 

Figure 7. GIS input data for S-RAT Model 

 
In order to estimate the parameters of the S-RAT model, this paper used the rainfall 
and runoff data from August 2, 2014 to August 10, 2014 that was provided by the 
Yeongsan River Flood Control Center. Table 3 shows the comparison between the 
before and after the correction of parameters of the S-RAT model. The parameters of 
the S-RAT model are the saturation permeability coefficient (Ksat), the watercourse 
river width (Bp), the minimum watercourse roughness coefficient (Ksr1), and this 
thesis developed the optimal parameters of the Seomjin River basin by adjusting 
them (Figure 8). 
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Table 3. Input parameters to the S-RAT model 

Parameters Un-calibration calibration 

saturation permeability 
coefficient 

0.0024 0.0024 

Riparian width to the river 0.5 0.5 

River channel roughness 
minimum number 

6.67 4.5 

The maximum penetration 
storage 

400000 400000 

Blocking layer parameters 0.65 0.01 

Penetration layer 
parameters 

0.08 0.08 

 
 

 

Figure 8. Parameter optimization results of S-RAT model 

Figure 9 shows the probability of flood calculated by using the stationary and non-
stationary frequency analysis results and Huff 3rd quartile method. The analysis result 
found that as the frequency increased, the difference between the stationary peak 
flood and the non-stationary peak flood also became larger. Figure 10, which shows 
the comparison of the stationary and non-stationary peak flood, found in the analysis 
of its results that when duration was less than 3 hours, the difference between the 
stationary and non-stationary peak flood was 1,143 CMS in the case of the 10-year 
return period, 2,067 CMS in the case of the 30-year return period, 3,810 CMS in the 
case of the 100-year return period, and 5,302 CMS in the case of the 200-year return 
period. Meanwhile, when duration was less than 12 hours, the difference between the 
stationary and non-stationary peak flood was 1,219 CMS in the case of the 10-year 
return period, 1,558 CMS in the case of the 30-year return period, 1,900 CMS in the 
case of the 100-year return period, and 2,072 CMS in the case of the 200-year return 
period  
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(a) 10 Year (b) 30 Year 

  

(c) 100 Year (d) 200 Year 

 
Figure 9. Comparison of Design flood Hydrograph of Stationary and  

Non-Stationary (3hr) 
 

 

 

(a) 10 Year (b) 30 Year 

  

(c) 100 Year (d) 200 Year 

Figure 9. Comparison of Design flood Hydrograph of Stationary and  
Non-Stationary (12hr) 
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(a) 3Hr 
(b) 12Hr 

Figure 10. Comparison of Design Peak Discharge of Stationary and Non-Stationary  

4. CONCLUSIONS 
 
As the traditional frequency analysis is based on the assumption of stationary, it can 
be hardly free from limitations in reflecting the external elements caused by climate 
change. Stationary, regarding statistics, is expressed as a constant in which average 
and distribution will remain constant as time changes. However, in a case of extreme 
rainfall, the parameters and distribution itself of the probability distribution will change 
as time goes because of a variety of factors. Thus, the existing frequency analysis 
based on the assumption of stationary suffers from some drawbacks in simulating the 
future. That is why a new frequency analysis method is required. Consequently, this 
thesis drew a new I-D-F curve according to the RCP 8.5 climate change scenario and 
calculated the future probability of flood by using the distribution runoff model. In 
summary:  
 
(i) This paper conducted the non-stationary frequency analysis by using the annual 
highest time-series data for each station under the assumption that the extreme 
rainfall data for each point along the Seomjin River basin followed the GEV 
distribution. In addition, this thesis conducted the non-stationary frequency analysis 
by designating the RCP 8.5 climate change scenario summer rainfall data as an 
external factor. The results of the stationary and non-stationary frequency analysis 
found that the result of the non-stationary frequency analysis was generally more 
increased than that of the stationary frequency analysis. Furthermore, when this 
paper construct the I-D-F curve by using the probability rainfall result, it was found 
that as for Jeonju and Jeongeup, as the duration became shorter, the difference 
between the high frequency and the low frequency became larger. Meanwhile, for 
Yeosu, the I-D-F curve was higher compared with that of the present. In a case of 
Imsil, there was no large difference at a low frequency period, but the difference 
increased as it approached the high frequency. In particular, it was also found that in 
a case of the 200-year period, as duration became shorter, the I-D-F curve increased 
more.  
 
(ii) In order to estimate the effects of climate change on the design flood, this paper 
calculated the rainfall time distribution for each duration and frequency by using the 
probability of flood results, which this thesis broke down earlier, and the Huff 3rd 
quartile method. In addition, this paper conducted the stationary and non-stationary 
probability flood analysis in the Seomjin River basin by applying the rainfall time 
distribution result to the S-RAT model, a conceptual distribution model. The analysis 
result showed that when the duration was 3 hours, the difference between the 
stationary and non-stationary peak flood was 1,143 CMS in the case of the 10-year 
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frequency, 2,067CMS in the case of the 30-year period, 3,810 CMS in the case of the 
100-year period, and 5,302 CMS in the case of the 200-year period. Meanwhile, when 
the duration was 12 hours, the difference between the stationary and nonstationary 
peak flood was 1,219 CMS in the case of the 10-year period, 1,558 CMS in the case 
of the 30-year period, 1,900 CMS in the case of the 100-year period, and 2,072 CMS 
in the case of the 200-year period.  
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