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ABSTRACT

This study evaluates the impact of grid resolution (1km vs. 500 m) on temperature reproducibility and future extreme
climate projections over South Korea under the shared socio-economic pathway (SSP) scenarios. First, a comprehensive
performance evaluation for the historical observational period (2000 - 2019) revealed that the 500 m resolution improves the
representation of local temperature variability compared to the 1km dataset. By achieving higher topographic fidelity and
accurately reflecting actual station altitudes, the 500 m grid effectively reduced the systematic cold bias (approximately -0.07
to -0.09°C) found in the 1 km data to near zero (£0.01°C), particularly in complex terrains. Future projections for the late
21st century (2071 - 2100) indicate a sharp contrast in extreme climate indices depending on emission forcing; however, the
“Resolution Effect”—defined as the systematic difference between 500 m and 1km-—remained remarkably consistent
regardless of the warming intensity of the scenarios. The 500 m resolution consistently adjusted the annual minimum
temperature (TNn) upward (+0.20 to 0.22°C) and the annual maximum temperature (TXx) downward (over -1.0°C),
successfully mitigating the overestimation of extreme values often observed in coarser grids. Furthermore, the inter-model
spread is slightly smaller in the 500 m simulations. These findings demonstrate that ultra-high-resolution simulations are
essential for capturing fine-scale topographic feedbacks and providing more reliable, physically consistent climate information

necessary for establishing robust regional adaptation and disaster management strategies.
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I FEY of 70%7} AlRPAFOE ool A 9l
7 skl Batsled, EUT 14k Aol AP
2110 oJs) BAH 714 Exo] ojS- EsA vehg
o} olaigt AYH BRAS urdslol vjwE o] 7|
% g 2457 95 A% 7|5ke] 714 A2 (Gridded
Climate Data)7} @] &g oigth. 53] 7|47 NA A
F5l= PRISM (Parameter-elevation Regressions on
Independent Slopes Model) 7|8t9] e AR} AR
1=, AP R SR AY & AY RS WSt
RHES 7] BRG YA AW B 7|0l St
(Kim et al., 2024; Kim, Kim, et al., 2012; Kim, Sang, et
al., 2022).

S FHst 9% W7 9 A4S oj Sl F= 1
km SFEo] AR} Amrt #ECE EEEo] gtk 1km
A= F AR &Y 71Tl &AL,
T4 AQ #s7h BAYsh= Aol Aol mARE EXA]
o]-g W3t Uette =4 A9 =44 7% E4S &
Arshs Hloll= 478 HAI7F EAREHQiu et al., 2021).
olofl wet 2 AHPE B BUE S A AR AT
2 9191 A% AYES 500 mE TEST AR A4 °
HEskal dek 500 m S 71E 1km HiH] AX} 9
=71 48 E71olo] A& rE(Lapse rate)d} A E4 &
4 5= BS BAS 2EE 4 Atk
AR} =] P2 71Tt AT 37 HYg e
=Y & Ao, A= #3t m|F Ay ShoflA
S A5 4HE AIto] ofudt FFA ZpolE AL
Ao gk AEAQI vl B4 o ds] BE3E AFo]
53] 2A7A A& AU 2(SSP1-2.6)9F A 7HA
TS AU 2(SSP5-8.5)0] whet 7] ®slke] Fo] A
ojgt AgofA, s Apo|7} =7t 7] R|4x(Extreme
Temperature Indices)®] £ Aol v|X&= JFHS
Fahe AL s\THs 4g gAo) =y Fue 9
oL = Q35}tHAhn et al., 2014; Lee et al., 2016).

7|15 mds Fopol A AR} ST P A E
A A 715 5do] AASHA| Fote wAH 71 JHE
FEotal B9 5= At FUPHA] A& d4d 8
A2 QAE T QIthWilby et al., 2025). A3 Ao wt=2
A, A 7S Bl F5E 1T AEE GCMY
A AE ANAoR HAT Hvt ofye, BRI
Ag 9 ST e A ® 54 AYsH v
#7123 4] I B AAES FulstA Al
Z1tH(Fan et al., 2023; Reder et al., 2025). £3], ZA} A}
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o BERE BEA FAA BAG 4 9low, of
L Oae 214 YRS ol Agusle] 715 Haa
W7k W ARA b A9 YL 9 4AHY 2

AL A|53tcH(Tefera et al., 2024).

wreka] B Ao AE e o] Exet A& 112s)
of ¥IEARS F ZHA HF 7]EHI} AUEe
(SSP1-2.6, SSP5-8.5) 7]519] 1km ¥ 500 m 2} A 5E

Az, =9 9 dtel Beld Fe 39 V1L A%
AT Aol WE R (Added
Valiey S AHH O B Aol £ Aol Avke
F5 A D90 DEF 7)eEst 4edE 2y @
THYE 71% Hole B89 rto|=eele AASHE

7198 Aoz 7|t

2, Xtz a4 gH
2.1. BEXE

B QTolE 2% 452 B 9190, 200045
201997kA] 20Q719] 713 #ESARE EEoHUTH AR
H 714 e B2, A7), A7 5 3501,
Azm= 71 (KMA) Q] 3744 (ASOS, Automatic
Synoptic Observation System) 977 A&} 57 A 0=
A(AWS, Automatic Weather Station) 5087l XA A|
ot ARE 7|HIC R SFQIth(Fig. 1).

A EA4o] o] & = U= BEHAY e HEERE
BE549] e 9ol wet o=k 2000d0= Bt
443.9709) A2 AHBE 0w, 2016W] 71 B
AQAZ (T 589.17)E Ar&stalth 2 A== Z
E NEL I547F F7HE] ARy FEEr A
A =0l A& & & AUTH(Fig. 1b).

2.2. AKX}t 7|1EXE Y SSP AlL}2|R

£ AFolM AR AR 718 A 8 1SS -1
TFshof A AZst= MK-PRISM (Modified
Korean-Parameter-elevation Regressions on independent
Slopes Model) 7]HFe] WA= A|Yg]|e Zzmo|t}.
MK-PRISM @2} o] A[go] Biet 2| qojA
549 72ARE A4Skt ¥ 1ko wE VA4E
(Lapse rate}t2RF ofzf AFH Wk, St o= RE o] A
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Fig. 1. (a) Distribution of selected 605 observation sites across South Korea, (b) Trend in valid station usage
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A= v 22 715 A4S E5to] A4bEth(Daly
et al., 2002; Hong et al., 2007; Kim, Han, et al., 2012).
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AFwde] ABAE BAS] gistel, muo] A A
olFg BEo| A Aol22 hASHE FAH YAIst %
Ho]th(Kim and Kim 2018; Kim et al., 2016). PRIDEX
go ARy #B=xEe &7, CORDEX (coordinated
Regional Climate Downscaling Experiment) “5-0}A|o} 2t
A meAEol Bad 559 A9 /Fud 29E
Az Lgdth s A9 7|FREL Hadley
Centre Global Environmental Model version 3 regional
climate (HadGEM3-RA),
Small-scale Modeling (COSMO)-Climate Limited-area
Modeling (CLM) (CCLM), Weather
Forecasting (WRF), Regional Climate Model version 4.0
(RegCM), Global/Regional Integrated Model
(GRIMs)Z FAJE|o] It} (Davies et al., 2005; Giorgi et
al., 2012; Hong et al., 2013; Powers et al., 2017; Rockel
et al., 2008). XAt AL Table 19 A A|5}ST).
olef b 3t 7o) MsRe B A8
744 SSP AUHE] 0.8 HAstdth Ak AuiE At
20SSPI2.6/s 71T T e2g B T2 45
Hastozn 39 71 (%9 Wsh egstE: A
U2l el ¥k 2A7EA JHjE AU (SSP5-8.5)= S}
AR 7|He] a/ggoe] A&Eo AAAE dolA =T
7] @70l HiisHA WAsh= Alue] ot 53] 5]
&% (500 m) AR} A A St A o]27t 2ATEA TH|E A
U2t S48 Agat A9 W, St A7 1 km 3

model Consortium  for

Research and

system

Table 1. Summary of the RCM configurations
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23. Ax A=l 1 85 Yot

2 Q7old: A4 R0 A=4e FFHoz A4S
s7] 91914, 7143 ASOS B AWS 6057} A H) B2
Aol A7 AR g HITLST BAIAT B At
d B2, 4 A7, A V| 3Fo|H, FUI=E
7t AAL oA AbEE St 7R A9 A A
= 7. =39A] 4=9] HskE AFE o g 375t
23l A], Expert Team on Climate Change Detection and
Indices (ETCCDI)Q] S3tA|4= 5853 = 42 ¥Hdst
of Hole BN+ TG & 650 I 7L A+
& Ag3teThTable 2)

BEAR} AR § 37 258 vwsh] S,
7t BS54 Y AE HES 7IE2E Tkm B 500m A3}
oA b AEe AR e 2Bt B AR
AR A5 B St ekt SAH A%E B
gaiglt. PAMoRE B2 AR 7] AEY B
AE Tetstr] Yt AlA 4 (Correlation Coefficient),
o AlgZ 2*XHRMSE, Root Mean Square Error)E %3]
Axze] ARH 03 A71S FFBon, 27
ARR)E A83No] AR BEAR] WEHS
ot A = Ql=AE ASFAHGupta et al., 2009).
E3 Pt WAE SO AAREZE TE3kel Bl AAA

1o

Model Vertical layers Land surface model Convection scheme Spectral nudging
HadGEM3-RA 63 eta levels MOSES 11 Revised mass flux No

CCLM 40 hybrid TERRA-ML Tiedtke Yes

WRF 27 sigma NOAH Kain-Fritch II Yes

GRIMs 28 sigma NOAH SAS + CMT Yes

RegCM 23 sigma CLM3.5 MID-Emanuel Yes

Table 2. Climate extreme indices used in this study

Index Name

Description

Number of Heatwave Days (HW)

Days with daily maximum temperature > 33T

Tropical Nights (TN)

Day with daily minimum temperature > 25T

Frost Days (FD)

Day with daily minimum temperature < 0T

Ice Days (ID)

Day with daily maximum temperature < 0T

Max Daily Maximum Temperature (TXx)

Annual maximum of daily maximum temperature

Min Daily Minimum Temperature (TNn)

Annual minimum of daily minimum temperature
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AL FAARN F5 AFES P 2 AFolA AR
g 29 {7h A1) Hol= offet Zrh

- AFA|4=(Correlation Coefficient, Cor, r)
AT ASHEAARDT BS54k 9] A BA
ZEol Were ey, 71 A4 59 HE 2%
£ Bohe o Agse, -1} 1 Alole] Zhe ZHAl 19

H 1o

WSS F U AT 49 AR HAE 2= A
ofm| gt
o = 5
Cor = 171( : )y, —v) : "
V& =) (8 (- 9)7)
- B A2 2% (Root Mean Square Error, RMSE)

RMSE: 93}e] 3718 tehfi A EZ, &30t
Zgte] Aol AFsel B W F ABLL AW go
2, glo] A25E o2 Aol 943t Holtk.

1 &
RMSE= WZ(

i=1

P,=0)’ ©)

[ [

- HX}(Bias)
BIASE o]223} Baqtel B4l ol Lreic.
FrolH Aol &P > 0) B, ol T ISP

< 0) Aol UL oAnlste, 0o ST ALsHA
Hago] AL Zolth

1 N
BIAS = W;@ -0, (7

- AAA4(Coefficient of Determination, ??)

AAGE 2do] U dHlojE9] M F Ikt B
o BEo Aysl=AS YehfE: Aot} 03} | A}Ol
o] Zre 7HAH, 10] 7PreLE ndo] AL} =o
< ou]giet.
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Z(Oi_pz)z
RP=1-" ®)
Y (0,—0)*
izl
o] 7|1 A B} 2 0;— P.)*= ZA} A5 H(Sum of Squares

i=1

Residual, SSR)S, X Z(O 0)’= Z2A&3(Sum of

Squares Total, SST)& 2ju|3sic}.
3. g+ &y

2 JLoML X1 ERYDEM)Y HAET} 715
= A@Aof e FFS 4517 5] 500 m Z}E_Q]-
1 kmE 500 m A2 APH7F g RS vlw B
THFig. 2). A9HAQl 1= F29] F7HE2 &= A7} A

1 ol A GARSHA UERgTh e e Abd v 4 At

T FET At oA F3E Zpol 7t eyt 37t
?ﬂ oAt BuE AWEY, AW £ 54 uet o] H
Z7F iAo g2 Yehs A & 4 ok B4da A
A 999 51%0]]/\1 500 m At27F B7bE 1% AR Ho

IE7F 52 A0 F YePGth(Fig. 2a). °]& 1 km SAE
o] A7t A A (Peak) =0]S FE5| wHdst
A Fotal FHA A3 gdolHA LAshe Aot
(Fig. 2¢). ¥, A& SolA= AAEY 127t =4 5
FEE 990l 46.7%E UEY AP E ARE F%P
7% ABY] 715o] AAEY dtetA Uehte AL &
skt o]#gt AE Af= 17t Fold4E TS
AslEl= A BHQlth 1% 17 9 X} EX(Fig. 2d)
olA & 4= Slxol, st @ HA|(0 ~200 m)ofA= F ©
oE] 7] Zpol7} Zopa] FFAQl YA =FE HFch

q8u %7 ZoHdeE QA9 ¥HE o] g4¢] &
A==, ol IAHLSE BE 57t A9 A4
Al 715E Adste 5ol HATS AARI o]¢t
22 1k F7E AP QAP Aol D] £AA
Qpof| IR A AL, AW 7|29 FF BE 9 =3 7]
2 @49 &7 5ol AFAA FFE vtk AFH
FUE Afo|7h AR 7| LEEY} FI| AR A4
ol M= A S oot 7| FARS] A=A
< ZH5t7] 3 #7142 v FFol Besirt et
A, ABZEY SFE Apol7t AA A+ 7| 2HEL} F
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Fig. 2. Comparison of Digital Elevation Models (DEMs) and analysis of resolution-induced bias. (a) 500 m
resolution DEM; (b) 1km resolution DEM resampled to 500m grid using bilinear interpolation; (c)
Spatial distribution of elevation difference ((a)-(b)); (d) Box—-and-whisker plot showing the distribution
of elevation errors across 200 m elevation intervals
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Spatial Performance Comparison: 500m vs 1km
Variable: TAVE (2000-2019)
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Spatial distribution of statistical performance for daily mean temperature across South Korean (2000
~2019). The left column (a, c, e, g) presents the results for the 500 m resolution model, while the
right column (b, d, f, h) shows the 1 km resolution model. The rows from top to bottom correspond
to RMSE, BIAS, Correlation (Cor), and R-squared (R?), respectively. Values in parentheses in each
panel title indicate the domain-wide average calculated from all observation stations
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Table 32 S0l W @& /M Sk FFH o=
BH7ksl7] 98iAl, 1km AE thH] 500 m AFE.2] RMSE
AZ Z3E yehd Foloh. 7fAE(Improvement Rate,
%) RMSEQ| A7t H]&=2 Aostqirt. 7/f4dE&2 ot}

22 S 9 AEsH

WA & (Improvement Rate (%)) = )

RMSE,,,, - RMSE.,,
RMSE,,,,

x 100

500m 2E2 1km 2 tfu] A5 FHS RMSE 7+
A a7s 2 7fA-E(Improvement)of| A, H7]2L
oF 29.8%, 17| L3} A7 L 77t 29.7%, 23.4%9°]
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Table 3. Monthly statistical comparison of 500 m and 1 km resolution data for daily mean (Tmean), maximum
(Tmax), minimum (Tmin) temperatures (2000 ~2019) The ‘Improvement’ indicates the RMSE
reduction rate of the 500 m data compared to the 1km data

RMSE_Tmean RMSE_ Tmax RMSE Tmin
Month 500 m 1 km Improv. 500 m 1 km Imp 500 m 1 km Improv.
Jan 0.469 0.659 28.9% 0.468 0.695 32.60% 0.617 0.794 22.30%
Feb 0.451 0.645 30.1% 0.472 0.697 32.30% 0.594 0.771 22.90%
Mar 0.452 0.650 30.4% 0.504 0.726 30.60% 0.591 0.762 22.40%
Apr 0.433 0.618 29.9% 0.526 0.725 27.50% 0.59 0.751 21.50%
May 0.425 0.601 29.3% 0.549 0.738 25.60% 0.547 0.703 22.30%
Jun 0.422 0.612 31.0% 0.546 0.746 26.80% 0.488 0.654 25.40%
Jul 0.414 0.601 31.1% 0.530 0.736 27.90% 0.421 0.587 28.20%
Aug 0.419 0.610 31.4% 0.520 0.736 29.40% 0.443 0.608 27.20%
Sep 0.423 0.607 30.3% 0.491 0.709 30.80% 0.504 0.663 24.00%
Oct 0.446 0.616 27.6% 0.463 0.681 32.00% 0.597 0.752 20.50%
Nov 0.456 0.635 28.2% 0.442 0.669 33.90% 0.609 0.772 21.10%
Dec 0.46 0.650 29.3% 0.451 0.678 33.40% 0.590 0.769 23.30%
AVE 0.439 0.625 29.8% 0.497 0.706 29.70% 0.549 0.716 23.40%
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Fig. 4. Validation of extreme climate indices across observation and model resolutions (500 m, 1 km). The bars
represent the mean values and standard deviations for observations (green), 500 m (yellow), and the
1 km model (red)

Table 4. Comparison of Extreme climate indices between 500 m and 1 km resolutions under SSP1-2.6 and
SSP5-8.5 scenarios. Values are presented as the ensemble mean of five RCMs with the inter-model
standard deviation shown in parentheses

SSP126 SSP126 SSP585 SSP585
Index Res.
(2021 ~2050) (2071 ~2100) (2021 ~2050) (2071 ~2100)
500 m 99.46 (£2.15) 89.81 (x£2.90) 95.23 (£1.83) 58.20 (£1.68)
FD
(days) 1 km 101.30 (£2.21) 91.56 (£2.94) 97.06 (£1.89) 59.63 (£1.72)
ays
Diff Vv 1.84 v 1.75 v 1.83 Vv 142
500 m 16.96 (£1.62) 20.03 (£2.31) 18.39 (£2.24) 58.83 (+£5.29)
TR
(days) 1 km 16.76 (£1.63) 19.68 (£2.24) 18.15 (£2.23) 59.26 (+5.34)
ays
Diff A 020 A 035 A 024 Vv 043
500 m 20.85 (£5.21) 25.94 (£6.74) 24.46 (+£6.26) 76.01 (£9.69)
HwW
(days) 1 km 21.11 (+4.87) 26.46 (£6.79) 24.94 (+£6.24) 76.41 (£9.89)
ays
Diff V¥ 0.26 Vv 0.52 Vv 048 Vv 0.40
500 m 13.47 (£1.49) 11.00 (£1.37) 10.23 (£1.26) 2.57 (+0.84)
ID
(days) 1 km 13.70 (£1.51) 11.33 (£1.33) 10.48 (£1.28) 2.63 (+0.85)
ays
Diff v 0.23 Vv 0.34 Vv 0.26 V¥ 0.06
500 m 37.27 (£1.18) 37.42 (x1.30) 37.66 (£1.45) 41.99 (£2.30)
Tmax yearmax
©0) 1 km 38.02 (£1.95) 38.42 (£1.90) 38.62 (£1.71) 4340 (£3.32)
Diff v 0.75 Vv 1.00 V¥ 0.96 Vv 141
500 m -14.92 (£0.90) -13.86 (+0.81) -14.00 (+0.82) -9.22 (£0.56)
Tmin yearmin
©0) 1 km -15.13 (£0.89) -14.08 (+0.82) -14.21 (+0.83) -9.42 (£0.55)
Diff A 021 A 022 A 021 A 020
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