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Abstract

Using 18 multi-model-based a Shared Socioeconomic Pathway (SSP) and Represen-

tative Concentration Pathways (RCP) climate change scenarios, future changes in temperature
and warmth index on the Korean Peninsula in the 21st century (2011~2100) were analyzed. In
the analysis of the current climate (1981~2010), the ensemble averaged model results were
found to reproduce the observed average values and spatial patterns of temperature and warmth
index similarly well. In the future climate projections, temperature and warmth index are
expected to rise in the 21st century compared to the current climate. They go further into the
future and the higher carbon scenario (SSP5-8.5), the larger the increase. In the 21st century, in
the low-carbon scenario (SSP1-2.6), temperature and warmth index are expected to rise by
about 2.5°C and 24.6%, respectively, compared to the present, while in the high-carbon sce-
nario, they are expected to rise by about 6.2°C and 63.9%, respectively. It was analyzed that
reducing carbon emissions could contribute to reducing the increase in temperature and warmth
index. The increase in the warmth index due to climate change can be positively analyzed to
indicate that the effective heat required for plant growth on the Korean Peninsula will be stably
secured. However, it is necessary to comprehensively consider negative aspects such as changes
in growth conditions during the plant growth period, increase in extreme weather such as abnor-
mally high temperatures, and decrease in plant diversity. This study can be used as basic scien-
tific information for adapting to climate change and preparing response measures.
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Table 1. List of 18 General Circulation Models (GCMs) used in the study.

Institute (Nation) GCM Reference
Geophysical Fluid Dynamics Laboratory (USA) GFDL-ESM4 (John et al., 2018)
Meteorological Research Institute (Japan) MRI-ESM2-0 (Yukimoto et al., 2019)
Centre National de Recherches CNRM-CM6-1 (Voldoire, 2019)
Meteorologiques (France) CNRM-ESM2-1 (Séférian, 2019)

Institute Pierre-Simon Laplace (France)

IPSL-CM6A-LR (Boucher et al., 2019)

Max Planck Institute for Meteorology (Germany)

MPI-ESM1-2-HR
MPI-ESM1-2-LR

(Schupfner et al., 2020)
(Wieners et al., 2019)

Met Office Hadley Centre (UK) UKESM1-0-LL (Tang et al., 2019)
Commonwealth Scientific and Industrial Research
Organisation, Australian Research Council Centre of ACCESS-CM2 (Dix et al., 2019)

Excellence for Climate System Science (Australia)

Commonwealth Scientific and Industrial
Research Organisation (Australia)

ACCESS-ESM1-5 (Ziehn et al., 2020)

Canadian Centre for Climate Modelling and

Analysis (Canada) CanESM5 (Swart et al., 2019)
. ) . . INM-CM4-8 (Volodin et al., 2019a)
Institute for Numerical Mathematics (Russia) -
INM-CMS5-0 (Volodin et al., 2019b)
EC-Earth-Consortium EC-Earth3 (Doscher et al., 2022)
Japan Agency for Marine-Earth Science and Technology/ MIROC6 (Tatebe et al., 2019)
Atmosphere and Ocean Research Institute/ ’
National Institute for Environmental Studies/ .
RIKEN Center for Computational Science (Japan) MIROC-ES2L (Hajima et al., 2020)
NorESM Climate modeling Consortium
consisting of CICERO (Norway) NorESM2-LM (Seland et al., 2020)
National Institute of Meteorological Sciences/ KACE-1-0-G (Lee et al., 2020)
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Fig. 1. Climatology of annual mean temperature (°C) during REF period (a, b), FUTI (c, f, i, I), FUT2 (d, g, j, m), and FUT3
(e, h, k, n) under SSP-RCP scenarios.
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Fig. 2. Changes of annual mean temperature with respect to HIS (1981~2010) during FUT1 (2011~2040), FUT2 (2041~2070),
and FUT3 (2071~2100) under SSP-RCP scenarios. The dot denotes significant changes at 95% confidence level.
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Fig. 3. Time series of annual mean temperature for OBS
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Fig. 5. Changes of monthly mean temperature with respect
to (a) FUT1 (2011~2040), (b) FUT2 (2041~2070), and (c)
FUT3 (2071~2100) under SSP-RCP scenarios. The asterisk
(*) denotes significant changes at 95% confidence level.
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Fig. 8. Time series of Warmth Index for OBS (1981~2010),
HIS (1981~2010), SSP-RCP scenarios (2011~2100). The
shaded areas and lines indicate the spread of each ensemble
member (18 models) and the ensemble mean, respectively.
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| 38 b AAoA LR
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Table 2. The slope (°C-month/10 yr) of the ensemble mean Warmth Index time series during the HIS, FUTI, FUT2 and FUT3
period. The asterisk (*) refers to a statistically significant change rate at a 95% confidence interval.

OBS HIS SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5
FUT1 FUT2 FUT3 FUT1 FUT2 FUT3 FUT1 FUT2 FUT3 FUT1 FUT2 FUT3
Korean Peninsula 2.5% 3.8% 44* 12%¥ 0.1 44% 29% 20% 40* 49*% 58% 51*% 6.6* 8.0*
S. Korea 22% 45% 52% 14 0.1 52%  3.6*%  22*  48* 57%  66% 62* 7.6% O.1*
N. Korea 27% 34* 37*  1.1* 00 3.8%  25%  1.8%  35%  42%  53% 43*  58%  71*
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