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ABSTRACT

The World Economic Forum (WEF) report predicts extreme weather and severe changes in Earth's systems as the most
serious global risks in the short and long term. The agricultural sector is particularly vulnerable to climate change, and damage
from extreme weather is increasing. Korea mandates climate change adaptation measures at national and local levels, and the
Korea Rural Community Corporation (KRC) is leading efforts to assess climate change impacts and vulnerabilities in rural
water and agricultural production infrastructure. The KRC plans to update its vulnerability assessment using Shared
Socioeconomic Pathways (SSPs) scenarios from the the Intergovernmental Panel on Climate Change (IPCC) sixth assessment
report. This study selected Global Climate Models (GCMs) based on national climate change standard scenarios and the the
Rural Development Administration’s (RDA) GCMs for climate change vulnerability assessment of agricultural production
infrastructure. Downscaled data based on observation stations and a 1-km grid were constructed and evaluated for
reproducibility using key meteorological variables (precipitation, maximum temperature, minimum temperature, relative
humidity, wind speed, and solar radiation). Downscaled data based on observation stations and grid-based data were
successfully constructed using 18 GCMs and Multi-Model Ensemble (MME) data from the RDA. Scenario comparisons
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(SSP2-4.5 and SSP5-8.5) were also conducted. The results of this study can serve as foundation data for national climate

adaptation policies and the climate change vulnerability assessment of agricultural production infrastructure.
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Fig. 1. Flow chart of the study
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Table 1. Classification of SSP scenarios

SSp

. Explanation
scenarios

SSP1 Sustainability — Taking the green road
(Low challenges to mitigation and adaptation)
Middle of the road

SSP2 . L .
(Medium challenges to mitigation and adaptation)
Regional rivalry — A rocky road

SSP3 £ Y Y

(High challenges to mitigation and adaptation)

Inequality — A road divided
SSP4 (Low challenges to mitigation, high challenges to
adaptation)

Fossil-fueled development — Taking the highway

SSP5 (High challenges to mitigation, low challenges to

adaptation)
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Fig. 2. SSP-RCP scenario pathways
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Table 2. List of statistical downscaling data for SSP-based national climate change standard scenario

certification

Institution Meteorological administration

Rural development administration

Initial conditions

HadGEM3-RA, CCLM, WREF,
RegCM, GRIMs (SSP 1-2.6/5-8.5)

18 GCMs
(SSP 1-2.6/2-4.5/3-7.0/5-8.5)

18 GCMs
(SSP 1-2.6/2-4.5/3-7.0/5-8.5)

Spatial domain

South Korea

Korean peninsula

Korean peninsula

Spatial resolution 1 km 1 km 60 ASOS station
Used model PRIDEV2.0 SQM-Grid SQM
Temporal resolution Daily Daily Daily

Reproduction-

forecast period

Reproduction (2000 ~2019)
Forecast (2021 ~2100)

Reproduction (1981 ~2014)
Forecast (2021 ~2100)

Reproduction (1981 ~2020)
Forecast (2021 ~2100)

Output variable

Average temperature, Max
temperature, Min temperature,

Precipitation

Maximum temperature, Minimum
temperature, Precipitation, Average
relative humidity, Solar radiation,

Average wind velocity

Maximum temperature, Minimum

temperature, Precipitation

Journal of Climate Change Research 2024, Vol. 15, No. 5-2
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Table 3. List of target GCMs

SMEENZEZ AU=|Q 71t O 71 HOJEHI0|A 75 957

GCMs Production institution Resolution
Federal scientific and Industrial research organization, Australian research

ACCESS-CM2 . ; . 192x144

council centre of excellence for climate system science

ACCESS-ESM1-5 Commonwealth scientific and Industrial research organisation (CSIRO) 192x145
Canadian centre for climate modelling and analysis, Environment and climate

CanESM5 128%64

change canada
EC-Earth3 EC-Earth consortium 512x256
IPSL-CM6A-LR Pierre-simon laplace Institute 144x143

National center for Meteorological research, European centre for advanced | 24572 grids distributed over 128

CNRM-CM6-1 research and education in scientific computation latitude circles
CNRM-ESM2-1 National center for meteorologica.l re.searc?, ]?uropean cent.re for advanced | 24572 grids. distrib-uted over 128

research and education in scientific computation latitude circles
MPI-ESM1-2-HR Max planck institute for meteorology 384x192
MPI-ESM1-2-LR Max planck institute for meteorology 192x96
MIROC6 Agency for marine-earth science and technology 256x128
MIROC-ES2L Agency for marine-earth science and technology 128x64
MRI-ESM2-0 Japan meteorological agency (JMA) 320x160
KACE-1-0-G Korea meteorological administration (KMA) 192x144
NorESM2-LM NorESM climate modeling consortium 144x96
INM-CM4-8 Institute of numerical mathematics, Russian academy of sciences 180x120
INM-CMS5-0 Institute of numerical mathematics, Russian academy of sciences 180%120
UKESM1-0-LL Met office hadley centre 192x144
GFDL-ESM4 National oceanic and atmospheric administration (NOAA), Institute of 360%180

geophysical fluid dynamics
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Table 4. Variable list for database construction

Column . o
Detailed description
name

Date | Date (YYYYMMDD)

Daily precipitation (mm/day), calculated using the

Prec simple quantile mapping (SQM) technique from daily
precipitation data of GCM
ETo (mm), calculated from the FAO

Penman-Monteith reference evapotranspiration (ETo)

ETo using the bias-corrected maximum temperature,
minimum temperature, solar radiation, relative

humidity, and wind speed variables from GCM

Evaporation (mm), calculated from the previously
BV computed reference evapotranspiration (ETo) using
the conversion formula based on the pan coefficient

used by the meteorological agency

Tmi Daily minimum temperature (C), derived directly
min
from GCM with bias correction applied

T Daily maximum temperature (C), derived directly
max
from GCM with bias correction applied

Daily average temperature (C), calculated as the
Tave arithmetic mean of the maximum temperature
(Tmax) and minimum temperature (Tmin) obtained
from GCM with bias correction applied

Relative humidity (%), derived directly from GCM

with bias correction applied

Rhum

Daily sunshine duration (hr), calculated using the
Shine values produced during the computation of ETo and
solar radiation data

Wind velocity (m/s), derived directly from GCM

with bias correction applied

Wspd
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ge 4 (a2t

1
n—Nx(Re as)xb—s D)
714, n AA ARAIZE R+ HY B 9T F
AL R= A HAL, N& 7%—5 A ARAIZT E=

cgwm, 0= BFAR0.25),

o mEshs o)A YA ng(ﬂ

2 Zﬂ* 2a W gABIEYE |
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Raw GCM Rank(Overall Rank Period:1981-2010)

Temperature Rank based on Spatial & Temporal Correlation Coefficient

Precipitation Rank based on Spatial & Temporal Correlation Cortficient

Fig. 6. Ranking of spatiotemporal reproducibility of
GCMs before bias correction compared to
ASOS observation stations
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Table 5. Average percentage differences by
observation station for by target variable

Meteorological variable Average percentage difference
(%)
Precipitation 1.35
Average temperature 1.80
Maximum temperature 1.38
Minimum temperature 2.81
Average relative humidity -0.02
Average wind velocity -0.69
ETo 0.85
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(a) Percent difference in precipitation by SSP scenarios (b) Percent difference in average temperature by SSP scenarios
in the near future in the near future

TR

(c) Percent difference in maximum temperature by SSP scenarios  (d) Percent difference in Minimum temperature by SSP scenarios
in the near future in the near future

(e) Percent difference in average relative humidity by SSP scenarios  (f) Percent difference in average wind velocity by SSP scenarios
in the near future in the near future

(g) Percent difference in ETo by SSP scenarios in the near future

Fig. 7. Percent difference by major meteorological variables according to SSP scenarios
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Fig. 8. Evaluation result of climate characteristics
reproducibility
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(a) Result data of annual precipitation

Historical. 1981~2010 S5P2-4.5: 2011-2040

85P2-4.5: 2041-2070

55P2-4.5: 2071-2100

(b) Result data of annual average maximum temperature

Historical: 1981~2010 SSP2-4.5: 2011~2040 SSP2.4.5: 2041~2070 $SP2-4.5:2071~2100

SSP5-8.5: 2011~2040

(c) Result data of annual average minimum temperature
Fig. 9 Result data by scenario and period
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