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The Uncertainty of Extreme Rainfall in the Near Future and its Frequency
Analysis over the Korean Peninsula using CMIP5 GCMs
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Abstract

This study performed prediction of extreme rainfall uncertainty and its frequency analysis based on
climate change scenarios by Coupled Model Intercomparison Project Phase 5 (CMIP5) for the selected nine-
General Circulation Models (GCMs) in the near future (2011-2040) over the Korean Peninsula (KP). We
analysed uncertainty of scenarios by multiple model ensemble (MME) technique using non-parametric
quantile mapping method and bias correction method in the basin scale of the KP. During the near future,
the extreme rainfall shows a significant gradually increasing tendency with the annual variability and
uncertainty of extreme ainfall in the RCP4.5, and RCP8.5 scenarios. In addition to the probability rainfall
frequency (such as 50 and 100-year return periods) has increased by 4.2% to 10.9% during the near future
in 2040. Therefore, in the longer—-term water resources master plan, based on the various climate change
scenarios (such as CMIP5 GCMs) and its uncertainty can be considered for utilizing of the support tool
for decision—makers in water-related disasters management.
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Table 1. Climate Models and the Spatial Resolutions Used in This Study

GCMs/RCM Institution Matrix
HadGEM2-AO .
(KMA-12.5 km) Korea Meteorological Agency 125 x 125 km
CanESM?2 Canadian Centre for Climate Modelling and Analysis, 1208 X 640
Canada (2.8°x2.8°)
. ) . 144 x 90
GFDL-ESM2G Geophysical Fluid Dynamics Laboratory, USA (2.5° x 2.0°)
. ) . 144 x 90
GFDL-ESM2M Geophysical Fluid Dynamics Laboratory, USA (2.5° x 2.0°)
) 192 x 144
HadGEM2-CC Met Office Hadley Centre, UK (1.875° x 1.25°)
inmcm4 Institute for Numerical Mathematics, Russia 18(3 ) 1200
(2.0°x1.5°)
) ) . 96 x 96
IPSL-CM5A-LR Institut Pierre Simon Laplace, France o o
(3.8°x1.9°)
Atmosphere and Ocean Research Institute, National 198 x 64
MIROC-ESM Institute for Environmental Studies, and Japan Agency (2.8° x 2.8°)
for Marine-Earth Science and Technology, Japan ’ ’
Atmosphere and Ocean Research Institute, National 198 x 64
MIROC-ESM-CHEM | Institute for Environmental Studies, and Japan Agency (2.8° x 2.8°)
for Marine-Earth Science and Technology, Japan ' '
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Step 1 CMIPS GCMs Daily Data | KMA-12.5km Daily Data
Download > (cmip3 download.R) . Y Y Download > (manually)
CMIP: DB EMA-12.5kom
| (Global, NC) (Korea, gdat) J
Step 2 Data Extraction over Korean « . .5 KMA-12 5km Format Change
Peninsula = (clip_netcdf.sh) L [ 2> (gdat2nercdf.R)
CMIPS DB EAA-12.5km
(Korea, NC) (Korea. NC)
Step 3 Time series data Extraction in | Time series data Extraction in
Station 2 (extract timeseries.R) Station 2 (extract kmal25km.R)
[ station DB )
l (Korea, ASCTI) J
v
Step 4 Duﬂ-‘nsca.ling / Bi‘as Correction
< (quantile_mapping.R)

Fig. 1. Climate Change Scenario Data Analysis and Processing Flow Chart using CMIP5 GCMs (Cho, 2013)
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Table 2. Rainfall Relevant Variables List for support Local Governments Climate Change Adaptation Detailed
Implementation Plan Related to vulnerability Assessment (National Institute of Environmental Research, 2012)

.. Weather Exposure - .
D . . Vul bility Field
1vision Representative Variables wnerabliity Tields
Rainfall June t 0 September Water Management (Flood Control)
Rainfall (mm)
Health (Floods, Typhoons, Insects and Rodents,
Extreme Daily Maximum Waterborne Diseases Mediated), Disasters (Infrastructure for
Rainfall Rainfall (mm) Flooding), Water Management (Flood Control, Water Quality and
Aquatic Ecosystems), Forest (Landslide)
Health (Floods, Typhoons, Insects and Rodents, Waterborne
Number of Davs over Diseases Mediated), Disasters (Infrastructure for Flooding),
Rainfall oays Forest (Landslide), Water Management
80 mm Daily Rainfall . .
Frequency (Frequency) (Flood Control, Water Quality and Aquatic Ecosystems),
d Y Ecosystem (National Park), Ocean / Fisheries (Aquaculture),
Agriculture (Agricultural Soil Erosion)
Az}, webd 54 BEA ol nk WAE F)3ke] A5 -
o e PI A SeE 3.1 o{BH(6~98) 24t = ol M
gt Tgol A AdE = Q7] witol] TEjael A B
A= FHgke] A= 7 Al dibd oz A - AEH6~99) Ao & v A Fig. 290 Al
S gHER A Aol B Aot Ao} glek. 4 9HA #5713 Bore] HFA (Obs) o
Cbs Historical
2000 . g -
1500~ * 1 H
1000 z
500
2000 - ¥ : 2 : :
—~ %0 =, g
E 1000 g;
; %00 I =
N
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& 2000 i v :
Q
§ 1200 1 i
g 1000 §
v £00
E
5 - ” &
= 3
i
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3
P s i TIREY OSYcisToRIYoseicioiioy
° g B3 g £ & 7 © 8 2 % 7 § 2 8§ ° s =5 8 z £ 8 5
¢ & = S g g & = 4 S g @ = e 2
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CMIP5 GCMs

Fig. 2. The Variability of Warm Season (June to September) Rainfall over the 4-Major River Basin
during Past (1976-2005) and Future (2011-2040) Periods
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