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Estimation of the Future Probable Precipitation based on the
Assumption of Non-Stationarity in Seoul
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Abstract

In this study, an estimation of the future probable rainfall in Seoul, Korea, was performed, using non-stationary frequency analysis
according to climate change and it was compared with the current probable rainfall. Hourly rainfall data provided by the Korea
Meteorological Administration with durations of 1, 2, 3, 6, 12, 24, and 48-h were used as input. For the future projection of precipitation,
the RCP 8.5 scenario was selected with the same durations. Moreover, the future hourly rainfall was extracted from using the
daily precipitation from 29 Global Climate Models (GCMs), based on the statistical temporal down-scaling method and their corresponding
bias corrections. Subsequently, the annual maximum precipitation was extracted for each year. In this study, both stationary and
non-stationary frequency analysis was applied based on the observed and predicted time series data sets. In particular, for the non-stationary
frequency analysis, the Differential Evolution Markov Chain technique, which combines the Bayesian-based Differential Evolution
and Markov chain Monte Carlo methods, was adopted. Finally, the current and future intensity-duration-frequency curves were
derived from the optimal probability distribution, and each probable rainfall was estimated. The results of the 29-scenario are presented
with quantile estimations. The non-stationary frequency analysis results for Seoul revealed rainfalls of 94.4 mm/h for 30 y, 101.7
mm/h for 50 y, and 111.5 mm/h for 100 y return periods. The average value of the 29-GCM model ensemble was estimated to
be approximately 5 mm/h higher than that obtained from the stationary frequency analysis. Considering the changes in hydrological
characteristics due to climate change in Seoul, the results of this study could be utilized to pro-actively respond to natural disasters
due to such phenomena.
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2.1 Input Data
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2.2 Temporal Downscaling of Precipitation Data

AAE 297) GCME T2 2 Current (1976~2005): Base
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o] A FHA| AlY, F2 A2 A=717KCurrent) ol 4]
FAIEHE A Hol A A, 549 F2A A
RCP 4.5, RCP 8.5 AlUe] @1 AZHA ZgA|stolnt. A5t
743} Current 7|31l A A E Hol 73-9-2-S AlLstA Znt
Aoz AT Z7} FAIE UEith vl ey = #=
7Rk vlsl e 719k WiEAdo] At STkEE He=E
LHERSETE

Table 1. Selected GCM Models (Yoon et al., 2017)

No GCMs Re:solution e
Latitude (') | Longitude (")
1 CCsM4 0.9420 1.2500
2 | CESM1-BGC 0.9420 1.2500
3 CESMI-CAMS5 0.9420 1.2500
4 | CMCC-CM 0.7480 0.7500
5 CMCC-CMS 1.8650 1.8750
6 CNRM-CM5 1.4010 1.4060
7 | CSIRO-Mk3-6-0 1.9000 1.9000
8 | CanESM2 2.7910 2.8130
9 | FGOALS-g2 1.6590 2.8130
10 | FGOALS-s2 1.6590 2.8130
11 | GFDL-CM3 2.0230 2.5000
12 | GFDL-ESM2G 2.0230 2.5000
13 | GFDL-ESM2M 2.0230 2.5000
14 | HadGEM2-AO 1.2500 1.8750
15 | HadGEM2-CC 1.2500 1.8750
16 | HadGEM2-ES 1.2500 1.8750
17 | IPSL-CM5A-LR 1.8950 3.7500
18 | IPSL-CM5A-MR 1.2680 2.5000
19 | IPSL-CM5B-LR 1.8950 3.7500
20 | MIROC-ESM 2.7910 2.8130
21 | MIROC-ESM-CHEM 2.7910 2.8130
22 | MIROCS 1.4010 1.4060
23 | MPI-ESM-LR 1.8650 1.8750
24 | MPI-ESM-MR 1.8650 1.8750
25 | MRI-CGCM3 1.1220 1.1250
26 | NorESMI-M 1.8950 2.5000
27 | BCC-CSM1-1 2.7910 2.8130
28 | BCC-CSM1-1-M 1.1220 1.1250
29 | INM-CM4 1.5000 2.0000
3. =4 4

R

8 38

+

={
2
k)
(il
=
ol
b
n\]
ON

9] 71583}
£40] o] o]



200

100

Precipitation{mm)

1950 2000 2050 2100

(a) 1hr

Frecipitation{mum;
ra
=

(=]

1950 2000 2050 2100

(c) 6hr

300
E 0
=
1=
=
o
[+ N
= 100
z
(=8

0

1950 2000 2050 2100
(b) 2hr
&00
m— Obs

£
= 400
L=
=
=
=
ﬁ 200
(=

0

1950 2000 2050 2100
(d) 24hr

Fig. 1. Temporal Downscaling of Precipitation and its Annual Maximum Series (GCM-1: CCSM4). (a) to (d) indicate rainfall

duration of 1-hr, 2-hr, 6-hr, and 24-hr, respectively
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3.1 Trend Analysis of Rainfall
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3.2 Probable Rainfall Estimation
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3.3 Non-Stationary Frequency Analysis
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2013).
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4.1 Stationary Frequency Analysis with Obs
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Fig. 2. Results on Trend and Change Analysis of (a) Annual Total Precipitation and (b) JJAS Precipitation over Seoul
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4.2 Nonstationary Frequency Analysis with
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Fig. 4. Stationary IDF Curves Based on the Observed Data in Seoul

Table 2. Current state Probable Rainfall based on the Stationary Frequency Analysis in Seoul

. Duration (hr)
Return Period
1 2 3 6 12 24 48
10 yr 74.7 110.6 139.1 181.4 225.4 290.7 344
20 yr 85.2 126.5 160.2 208.8 259.3 338.9 400.8
30 yr 91.1 135.6 172.4 224.6 278.9 366.6 433.5
50 yr 98.6 146.9 187.5 2443 303.3 401.2 474.4
100 yr 108.7 162.3 208 270.9 336.3 447.9 529.4
200 yr 118.8 177.6 228.3 297.4 369.2 494.5 584.3
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Fig. 5. Results on Non-stationary Frequency Analysis for the CMIP5 29-GCM Under RCP 8.5
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Fig. 6. Non-stationary IDF Curves Based on the RCP 8.5 Scenarios in Seoul

Table 3. Future Probable Rainfall under RCP 8.5 Using Nonstationary Frequency Analysis in Seoul

. Duration (hr)
Return Period
1 2 3 6 12 24 48
10 yr 78.3 120.9 156.0 210.3 267.2 345.6 433.2
4.8) 9.3) (12.1) (15.9) (18.5) (18.9) (25.9)
20 yr 88.4 137.2 177.1 241.4 307.3 401.6 506.1
(3.8) (8.5) (10.5) (15.6) (18.5) (18.5) (26.3)
30 yr 94.4 146.3 189.0 258.9 330.3 433.5 547.4
(3.6) (7.9) 9.6) (15.3) (18.4) (18.2) (26.3)
101.7 157.4 203.6 280.2 358.5 473.5 599.1
20 yr 3.1 (7.1) (8.6) (14.7) (18.2) (18.0) (26.3)
100 yr 111.5 172.5 222.5 308.3 395.7 528.0 668.2
(2.6) (6.3) (7.0) (13.8) 17.7) 17.9) (26.2)
121.8 187.4 240.9 335.9 433.0 581.6 736.9
200 yr 2.5) (5.5) (5.5 (12.9) (17.3) (17.6) (26.1)

* Note: () indicates percentage of the result in Eq. {(RCP 8.5-Obs.)/Obs.}x100.
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