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Executive Summary

Global warming has led to a continuous increase in both the frequency and intensity of
extreme weather events, such as heatwaves, floods, and droughts. In this climate crisis,
effectively responding to diverse climate-related hazards and establishing adaptation strategies
has emerged as a major national priority. To develop rational and effective responses to
future climate conditions, the construction of high-resolution climate change scenarios is
essential. At present, the generation of high-resolution climate change scenarios relies
primarily on dynamical downscaling approaches, which are associated with substantial
computational costs. To address this limitation, statistical downscaling and artificial intelligence
(AD- and machine learning-based downscaling methods have been applied; however, these
approaches still face constraints in accurately representing regional climate characteristics. In
this study, we investigated core downscaling technologies that are critical for the production
of high-resolution climate change scenarios. The proposed downscaling framework integrates a
multivariate downscaling method (CoKriging) to incorporate physical correlations—one of the
key strengths of dynamical downscaling—together with Al techniques capable of learning
complex nonlinear patterns. In addition, topographic information was employed as auxiliary
data to better capture regional characteristics. For precipitation data, given the limited spatial
representativeness of station-based observations, we further examined a data construction
approach utilizing satellite-based gridded precipitation datasets.

Accurate rainfall estimation is a crucial element for water resources management,
disaster prevention, and climate change analysis. However, conventional ground rain gauge
networks struggle to capture rainfall distribution in ungauged areas, such as mountainous
terrains and oceans, due to limitations in spatial density. Therefore, this study aims to
produce long-term, high-resolution gridded rainfall data by combining the extensive spatial
coverage of satellite observation data with the nonlinear analysis capabilities of Machine
Learning techniques. In this study, a machine learning-based algorithm was developed to
enhance rainfall accuracy by utilizing multi-spectral channel data obtained from satellites and
topographic information (DEM) as input variables. The model was trained and optimized using
data from ground stations (AWS/ASOS) as Ground Truth. In particular, a correction technique
was applied to mitigate underestimation errors, a persistent issue in satellite rainfall data.
Validation results of the generated long-term high-resolution rainfall grid data confirmed
significant improvements in the Correlation Coefficient and Root Mean Square Error (RMSE)
compared to existing single satellite products. The high-resolution rainfall grid constructed
through this study was applied to the ungauged region of Vanuatu to establish a database.
These data can serve as foundational material for future climate change research, while
further improvements to deep learning models remain necessary.

This study aims to produce 1lkm high-precision meteorological grid data essential for



climate change adaptation and precision agriculture across Jeju Island, where complex terrain
creates limitations in capturing accurate weather information with existing observation
stations. Based on temperature and precipitation data from 2020 to 2024, various spatial
interpolation methods (IDW, OK, CSI, SCOK, OCOK) were compared and validated.
Consequently, Universal Cokriging (UCOK) was identified as the optimal downscaling
technology by integrating a high-resolution Digital Elevation Model (DEM) as a covariate to
model the correlation with altitude as a trend. The UCOK method explicitly models physical
characteristics, such as temperature lapse rates and orographic rainfall effects, as linear
trends, while spatially correcting residuals for local anomalies. In temperature prediction,

UCOK achieved superior performance with an annual coefficient of determination (R?)
exceeding 0.98 and an RMSE below 1.0° C. It successfully captured local phenomena like the
Seogwipo warming effect and accurately estimated temperatures in winter highlands, which
simple lapse rate models often miss. For precipitation, UCOK effectively simulated both
orographic lifting effects by Hallasan and local coastal heavy rain patterns, overcoming the
excessive smoothing issues of SCOK and realistically reproducing extreme precipitation
events.In conclusion, this study proved that UCOK is the most effective methodology for
regions with complex terrain like Jeju, as it simultaneously accounts for physical trends and
local variability. The high-resolution grid data constructed through this research successfully
restored detailed climate information for the previously unmonitored mid-mountain and
highland areas. These datasets are expected to serve as reliable foundational data for sectoral
applications, including predicting changes in citrus cultivation areas, preventing road icing
accidents in mountainous regions, and managing water resources.

In this study, we developed and evaluated a deep learning-based artificial intelligence
approach for climate data downscaling. An Enhanced Deep Super-Resolution (EDSR) model
with residual learning was adopted as the base network to downscale ERA5 near-surface air
temperature (T2M) data, and training datasets were constructed for 2Xx, 4X, and 8X
resolution enhancement using various upsampling and downsampling interpolation methods. To
better represent regional characteristics, multiple model configurations (CASE OLR, D, DU,
DUR, and UD) were designed by incorporating topographic data (DEM) as auxiliary inputs.
Model performance was assessed over East Asia, including the Korean Peninsula, through
comparisons with high-resolution ERA5 data and ASOS station observations using both image
quality and statistical evaluation metrics. The results showed that models incorporating DEM
as an auxiliary variable consistently outperformed those without it, and that models trained
with nearest-neighbor-based datasets exhibited particularly strong performance. Across
different downscaling factors, the DU-, DUR-, and UD-type models using nearest-neighbor
interpolation achieved the highest overall performance.

This study quantitatively assessed the spatio-temporal reproduction performance of
high-resolution climate information using the lkm MK-PRISM and 500m MS-PRISM (v1, v2)



models. Based on statistical and spatial analyses of observed data from 2000 to 2019, the
500m_v2 model consistently demonstrated superior performance across all evaluation metrics.
By applying a narrow influence radius and incorporating the latest GIS data, the model
accurately reproduced local extreme temperatures in complex terrains, significantly reducing
prediction errors that had previously occurred in mountainous and coastal regions with the
older 1km model.

Future climate projections under the SSP5-8.5 scenario (2071-2100) indicate that South
Korea will undergo a pronounced climate shift, including an approximate 8.8° C increase in
annual maximum temperature and a substantial rise in the frequency and intensity of extreme
heat events in major cities. In particular, Seoul exhibited a marked rate of temperature
increase due to the urban heat island effect. These findings highlight that high-resolution
(500m) climate information, which captures local topography and urban characteristics,
provides critical evidence for developing national climate adaptation policies and
region-specific disaster response strategies.
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2 =33t A5E A Fdch. Bx$A(Constellation satellites) 02 A3 270y A4
GMI, TMI(TRMM), SSMIS(DMSP #]4}), AMSR-2(GCOM-W1) So] ®3g5n, x=xd 3
AHto 2 #=3te g E AL =L T (Brightness Temperature, Th)e] H3 EA S A A3
g g Ao AT A= BFEE7E Eolw, IMERG V074 &= ol AlA e 43 ®BA
(Intercalibration)e] ©S BudfA, AA wA WE AAE BEAEAH S Haslste FLEE
gAY, 222~ EH 2~90H A= MHSMetOp, NOAA), ATMS(Suomi-NPP, JPSS) &

N r°"
‘l* r1~

Jom, #Z Fo] Yo AFIt AR FEo FeetARt, A0 x| wEh A xw WA
7 thy] AE oyl DEkAl= @A™o] gtk V0T A= o238 Cross-track AlA S 74 A



[e}

= ¢1g&F(GPROF VO7) Aseol /AAEHAo Y, AA38] AFF 20 Al Bls] EF4AA
| & "Holth. mpolA=2 9 AA= AR S 35 3W(Gape] TS Futel f17] wj el
olE W%7] &l A AFE FA g AAAE $14(GOES, Meteosat, Himawari 5)2] &
AAHAMR) AME ARE AFstd AR R A5+ % Huhr] 2%(Cloud Top
Temperature)& SAste UHAORE e FEE FAHSERE E84 AP DAAAT, =
S A3 RS AFsH] Wi dagFel &8H

2 ATl AFEE V072 V06 thrl daglEe] A BE TAdA T JiAdo] o] Fof
Ao dagEe g4 A5 R AH(ntercalibration), 2 A+3HGridding), =33 = Zv e &g
(Morphing & Kalman Filter), 18] #o] R A(Bias Correction)?] ©AZ A 55 AY4ksc} 1
Al AlA HE BALS AE 8 45 7 948 AAES] HolHE stz F7] A% 3
Aolt}t. V067+A+= TRMM Altel+= TMIE, GPM Althol+ GMIE 7o 2 717t RA S 43
st F A ZFe] AAFoA mARE BAA ELAIE dAE A= VTN = 7%
(TRMM-GPM Era, 2000Q@~&A)o] o3l GPM Core Observatorye] GMI AAE T 7=
(Anchon o 2 AAste dAHdS FHAY. o5 93] TMI tlolelE GMI 7]l 2A AR
Aole AL AFow, ol= AY|zte] 7]1%F EA(Climatological Analysis)S <3st= A7t
SolA Wi Fa% N Ao R RuHm, BA AN ALEHE S2EIH A 7IHES
1Egtete, e AEE BAY AlFE U5 AP A=t ARE AAET. 28AQD A
3= Z+ A A= FZEAGSwath)oll A 2F=H Level 2 74 AE(GPROPE 0.1° A= WS
ste BHgog V0 D 1 o)A wWAHe IMERGAE X2 el 781832 @ {7t A AU =)
ol PMW Hl°olEE AAsteE FAHoA <F 0.18° (A= 7]+ oF 20km) AE FZFo2 9
7} A =(Eastward Shift) @77} @Aste] sfjctdolyy FAAL 4kl A oA Zh-5-2f $X]7}
AR AP o Zue dAdo] EAAAG. VT R/FE HAst s FAHs A o
= T3AAH 59 A XA AGEE FUH R FEAFAT B AFolA TFHSIY EA
T Ao Akt A4 AFE A8l V0TS o] &3k 39AIQl ARt E e 3 JHEE
O 1535 duglso =z o] AUriA| e At e Za#e 46 ] #1sll, IMERG=
FA o B2 A(MERRA-2, GEOS-FP)o] nigr HWEHE o] &3le] 7
(Morphing) 71"H-& AR&3ste] f140] AUrbA e Ao HYEE & *o”\liiﬂ} V06°ﬂ/\1“
PMW #Zo] & AlZde sild PMW &< Ii2 ARgsty, #=o] e A4S =39 &
A A2 A5E 4SS Y. T8 V0794 = PMW #

A A HA(Ground Truth)® 7F#sHA] &1, 29 e HyolE WA oA
HEE SdstAdTh S, PMW #E3td o)A ARF @AlolA AdE o 4 FAHzES 7
b R4kl mEt ThE Wkl HA O AE e =%t ol A4 #S A

=
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Sensed Information using Artificial Neural Networks - Dynamic Infrared Rain Rate)Z x4 = %}
ot. PDIR-Now+ O #2 A A# 52 -34S 7HAY, #59 49 9 44 Ao m
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Final Run& =<2 7]4A(DWD)2] GPCC(Global Precipitation Climatology Centre)oll Al A &3}
AT 2ARE J8st A AA 714He] GTSH < B3l &fske ¢F 7,000~9,00071 42
SYNOP % CLIMAT A& HIolHE 7IWte = 94 2o o dA7F GPCC AAkgkat d A3t
5 A4 AR B ATE AL A A AAE vigel o3 23 &4 atE
7R 2L Tk 71 V06l A AF8% Legates-Willmott 2G4 195} e oA A
A HESA FASH, AR o E s AUXA AFH o] AU VOTAA=
ol & JNAdst7] S8 frEtalol thE 45° N o] & A Ho thefae MEE BAAS At 4
SEHATE ol 19E A9 Had dUHIF 2AE Seta, s FA BAY AEEE
=3t HEo] V079 ried d4Ae A4 AT ARE AFHHLE FASAY B
(Interpolation)st= #A4, 53] ZT B E AX = HANA EdF o=z TAst= FAF F2
g2 A4 Aro FE8UEIS(PDR)7F FolA= diolth. = HH#s AFHSmoothing Effect)
2 ds] oF3g vl HiTE= Eojutal, 73 H|(Extreme Rain)e] ZA Tt SHolAm WA Yo
= Y=ol HASTE V07 AHS =Y® SHARPEN(Scheme for Histogram Adjustment with
Ranked Precipitation Estimates in the Neighborhood) 7|¥-& o]2]gt dj=+S FTXgl2 nAsH
o o] 7I'HE& ZF 0.1° AAR FHe ol AARES FxstH, SAK AT #e] s 2ED
AL A 27l=&(Charp) 2 FE|, S AA PMW #Sgkolyt 1sjd= IR FAgko] 7HA
= 5A4 Ex2 A=HRemapping)ste] A5 E 4FE3cH(Figure 2.1).

Korean Peninsula Rainfall (2024-06-27 03:00:00)

40.5°N

Rainfall (mm/hr)

37.5°N

g
124.5°E 126°E 127.5°E 129°E 130.5°E 132°

Figure 2.1. GPM IMERG Final run version 7 product for
KOREA penninsular.



2.1.2. PERSIANN

PERSIANN(Precipitation Estimation from Remotely Sensed Information using Artificial
Neural Networks) A|2®l AFAF, 53] U347 (Artificial Neural Networks, ANN) 7]<=
= A 7138 AEFHoE =% A4 dugEeE Az Yol gl ofukl(UC
Irvine)¢] CHRS(Center for Hydrometeorology and Remote Sensing)¢} <&l zy ofdtn, 18 it
NOAA(W] = st 71 )2l g8 o2 7)dts PERSIANNS AAHZ YA =& Azt %
AAE 9489 wmlolazsm A AHIEEE AFstY A AFH A5 dHolHE A=
(Sorooshian et al.,2000). ¥ X 114 += NOAA PERSIANN A]2®lo] 314 A yg]&2l =4
W U ESZY 8t Fx2EH, g dolH Al E+H(Standard, CCS, CDR)¢] &4, 1¥
S AFE 3 A7) dolEAld PERSIANN-CDRS o] £33 th. PERSIANN &ag]&e] 3
Aol F=" Z X (nfrared, IR) 3= ->=(Brightness Temperature, Th)2} A &EA 7}
(Rain Rate) Atele] Expsta vldg8 A AAE JAFANAEES 53l gFAA A=)
T2 A 2% (Cloud Top Temperature)7} RS2 FEo] T4 74 FEo] o=
A HAAE Mo R oy, gt AR OEE e o 759 Textureet W54
AR Ho] 222 TFsHA ForHN FAHY HAFEE Friio=w < digFo=E F

A Yl E 9 Z(Modified Counter Propagation Network, MCPN)&t= S E3F A4 ol 7)€ A =
7Zlvko g2 sle=t o] mde J¥Z=(Input Layer), &Y 3(Hidden Layer), &% Z&(Output Layer)2.

TAE O3 W vVEYZY FHE WAT, AH A WA glo] 7]&Ee dxu 4
H stolBEE HIHS AT

>

> 18 b
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S N

S o

oo M orlr o r

034_, oL HHEI

2

PERSIANNS 59 313 £x E4S wdstr] &l sid 94
g AHE Y HE=E AREsteEr 102, 11.2 pm 3o 2 9
9 3z £ E nxn YA YT o =
3l 2 @&(Cumulonimbus)¢t 2471 §1
FrEFes AEdted dgd" HoAd
(Self-Organizing Feature Map, SOFM)
(Unsupervised Learning) ®4]S Al8-3}o]
ZA 3L, AR S4S 7H 75 9"
< gxFd 75 Y3 (Prototype) o=
Ee Yo7 HAEro] A B
(Supervised Learning)o] 2-&%w, A4
(Ground Truth)3}9] 235 H A3} st
t}. PERSIANN A]2~H"Hlo] 713 7335
(GEO)9] A AAE =2 A sId=05%~
75 Wi 8%eS A dAstE b AV dAT
Z23 AA(TRMM TMI, GPM GMI, SSM/I, AMSU-B )& 74 4o} 24 435283}
Aoz o A3 24 ARE ATSAL, B N5} 32 1232 v @] fgFo o] F
tlolEle A Adstr] 98 WA wlo|mazd f14o] 54 A S A3 vy, T Al
el R HolE ¢ mpolA29 b HolHE co-locateds} st AA37o| detueE AAIZTS

o] g3}
& (stratiform)e] vt ¢F& d-&(cirrus)= 738t
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Z AulelEdt AM, A%, 283 tiy] dEe ¥se] we &Aoo s R-Z BANE
AZAA AR T2 7t5AE F83td HolHE 4AHE3thFigure 2.2). ¥ A4 ARSH A
BE 1983d 147 EH AFHe 2E ARE A9 UEH IS} RAA S mlo]az2a AXE
S3e Ane 27 AR 0.25° X025 ANNAE Adse 2rolt

Run_PERSIANN.sh YYMM
for a year/month (YYMM) of input data

Accumulate 0.25 degree 3-hourly PERSIANN
rain rate estimate to monthly (YYMM) and
. resample to 2.5 deg for GPCP. (Matlab code)
Process input data and Run

PERSIANN model for YYMM Calculate monthly bias adjustment for

GPCP/PERSIANN (YYMM) (Matiab code
Read in GridSat-B1 IR data (.07 degree) / { iidatinb o)

subset & resample for model input

binary grid files (60 rows x 280 cols) Apply bias correction weights to each

96 total overlapping subgrids (0.25 deg original 0.25 degree 3-hourly PERSIANN grid
resolution) Bltosubs.c (Matlab code)

Loop for each subgrid file: Run
5eqSOLO_PERSIANN.cc
and output PERSIANN rain rate subgrids

Merge PERSIANN subgrids into global rain
rate grids (480 rows x 1440 cols), 0.25 deg
resolution, covering 60N to 605
merge_PERSIANN.c

Figure 2.2. Flowchart of NOAA PERSIANN retrival algorithm.

2.1.3. CMORPH

NOAA(National Oceanic and Atmospheric Administration) ]34 ZAl€{(Climate Prediction
Center, CPC)ol Al Aotd AaeE AANAE A A 4% ulo]m=u A AHS A
st galzel 73S Aokl CMORPH(CPC Morphing technique) 71¥ ] #F&o]t}. Joyce et
al. (2004)°ll of3f A& 47§® CMORPHE 7]&9 A 7wk A4 F4 2oy
AF EddHdes ZEHFOE & HZ H4S Aok CMORPHe 34l dagl&
olH+ Z#e Z=(ntensity)E FA4st= © AMSSHA &3, 2 Al
(Motion)& F& 3t dHolw A& thE Zlolth. &, EYHoE 5% vlo|A2T
Ao Ao FAdA Fx® o]F #WE(Motion Vecton)E wet AlgItA oz {AA £
(Morphing) @ o] F(Advection A Z 0. 2H, mlo]a 23} A Az He)A Mo AFIt
HFEE SAlM FR3= Aotk B RiAe 7F B A7 FPLS s NOAA CMORPH
CDR ¥ 7}<=#H(Daily Precipitation)2 ©]&3ttk. NOAA 7]1% dHlo]g 7]Z(CDR) ZTZ 19| U3}
o2 MIHE IdATEF Ase 19989 14FEH ARG HA 7|zt dis) shue] daElE
(Fixed Algorithm)®} d#8 A A5 A7 WAE A L&st AAed dleolgjsle=. CDR H
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AL 715 W3t A9 o] A7AR] AEFAE Bl g FofdA 914 HolH &4
<A (Artificial Discontinuity)S #438}sl7] 98] A S0t A9 FAAE+= 25kmo]
H, A EE AT EFeZ 9= 60° S ~ 60° No| A A& Awstn, SAH60° ©]7d)

fre w/9e AFZAAA Y mrola =z at WARS(Emissivity) H3}7}
AEE FEstr] ojga, AAAE A4 Aok &HIL offH7] o

i
N

CMORPHE %o AAx A rvlolm=zs MAME AME3FE=d] SSM/ISpecial — Sensor
Microwave Imager) & SSMI Al A+ ©]=r =834 (DoD)e] DMSP 94 7 (F13, F14, F15 )l ©A)
H 94 AlAMdmagen=zZ, 19, 22, 37, 85 GHz ¥ & #A=sl= ARE o] &Fo]ar AMSU-B
(Advanced Microwave Sounding Unit-B) & MHS (Microwave Humidity Sounder) AlA+= NOAA
A (NOAA-15~19) = 2 MetOp YA, Bl &A" A2H(Soundenolt}. o] A= S
2 89, 150, 183 GHz W2 ALg3ste] t7] 2o 4 YA AteH(ce Scattering)S F3 |74
s axnzog gx|gth. TMI (TRMM Microwave ImagenAlAE TRMM 940l &HA) = o
aof NS A #59 7|&E(Standard) 4 FdstH, 10GHz AdES =¢stod A3 Ao &
Ao F23 AAoltt. GMI (GPM Microwave Imager) A4 GPM(Global Precipitation
Measurement) Core Ao g©Al"E HA AAE, TRMMS F&£0 2x TYE7tA AWdy A
U BAY 7]&& A&t AMSR-E & AMSR2 A4+ NASA Aqua % JAXA GCOM-W1 ¢4
o #AE ufHd=E AAZE, Yo #=Z(Swath)e #AlF3ch ATMS (Advanced Technology
Microwave Sounder)Al A= Suomi-NPP 2 NOAA-20 $1Adol ©A1E A Al Z dudE
AHAA 72 o)l gHT ZF AA Y 3] =2 %(Brightness Temperature, Th)S 3o 2 H3ks}lr)
8 gt daglFe] AFgEEH, 27]0l= Ferraro (1995) ¢ gl &(SSM/D, Ferraro et al.
(2000)(AMSU-B), GPROF 2001(TMD &o] €&5 o Zoris A3ttt 2020d0d= 719 <
g 25 £22RW NESDISe] MSPPS(Microwave Surface and Precipitation Products System) Al 2~
H o] Fgzgd uwel, 2021d 1¥€HEE NASAel GPROF (Goddard Profiling Algorithm)
V05 714ke] Level 2 A4 ARE 48 2271 AW A3F ATk GPROF+ o] %] 2H(Bayesian)
A 7IHE VMo E, YA B Thek AR F5E Wi =293 A ZE29Y dolHH|
o] 2~(A-priori Database)& vl st HAe| FriFs F

NOAAS] 7|« HiAd W2, o]83 Py &2~ WAANE B8t FHAMSPPS 7]4h)
7 AW A(GPROF 719h) 7te] 7 #iE AaAF= vl soH, AAde EAdHALS vng
Ao R HI7IE QY. vlo| 29 AAMEL AFE 2t AAE A0 EAF Jof, EA
A-s #Zst= A A Revisit Time)o] 3AIZE o] BoA= ZA57F gk o] F# 7]zt
L AT Al2=FHe] olF dg/AEEs BEAREEZ] 93] CMORPHE= AAAE 4(GEO R)<=
gg3ith, A AFE 23 A= AAAE A T(GOES, Meteosat, Himawari §)2.ZFE 30&
b o s

H4, 4km =] HLX10.7um F) FFE 5T AGH F FJA FAF Alolo F3t

% 3 AAER 5 AN 2="o olF £Ee

13Hv)S UeldE o]F #E(Advection VectonE 4t&3th 4t&d ol% ®EE o] &3], n}

olaRd} #FAZFo] EAStE A AFHs B0l fle HXE Al (Target Time)o =2 w3

o =% dAgs BA A #5359 PMW A4S olF HEHE ot vy HFo= o)F
SR

NA BE AR AR AE FARL, AT An me A BEY PMW B5EE



ols HWHE dFZHsle HA Wk

}.
R(t) = wfwd * wad (lL) + Wewd * wad <t> [21]
71 A
tend —t t ts tart
Wiwa » Wy [2.2]
s tend B tctart “ ZLeml ts tart

L2 PMW Satellite Snow CoverData GEO-IR Data
OrbitData 4km-DLY 4km-30min

Pre-processing
Decode, re-map,
Inter-calibrate,
composite

w)

v

MWCOMB 5 Main-processing \, Cloud Motion Vectors
8km-30min Propagate, morph /" 25deg-30min

CMORPH_RAW
8km-30min

( Post-processing

CMORPH_RAW
All Resolutions

Figure 2.3. Flowchart of NOAA CMORPH product.

2.1.4. CHIRPS
A2 A= 914 (Geostationary Satellite)®] &<} (Infrared, [R) AAE =2 At AFEE
TEY At 2EF #53o HHoE A5 AEE FHL £ A Ao, SAE A4
o o

(Polar-orbiting Satellite)e] ©vlo] ZZ3H(Microwave) A= T+5 WH &8 FFS Ho &
Hog ®©x& <4 9t} o= XE3] GPCP(Global Precipitation Climatology Project),
CMORPH(CPC MORPHing technique), TRMM(Tropical Rainfall Measuring Mission) 5 t}sk =
AT 7 deolgalo] MEEHAT. AT 27] A8 A AEEES 2 VMR AR AL A



T AT =9 AR A 9 A
AT A, vlo|mAE2Y #HSFS FE
ol it AA, B2 A AEEE0l
55 7HA o], B3RS AP wAA A o)
A 3 2ojste © AV AT YA, FEOE 7S
"2 309 olAte]l A7z d3BA U= 7] =(Long-term Homogeneous Record)S A &3h=
A= dlolE Aol FAFT olH gt vl oA w5 A EYol tigu 4HepubaleHUCSB)
o] 71% $1% 1&(Climate Hazards Group, CHG)I w]=r A& A= (USGS)-S ©] =A| 724
(USAID)e] 71+ z7] AR A" Y ELAFEWS NEDE A3}l ¢s] CHIRPS (Climate
Hazards Group InfraRed Precipitation with Stations) tlo]E{Al-& /&3l th. CHIRPS+= 94 &
o FHAT 3 AR A B#FY AT AFHS AFT stolBYE HolHAlL
2, 1981375 AA7HA 35d o]e] 7|3F F¢ &% 7 (Quasi-global) ¥ H(50° S-50° N) 13|
T 7 ARE A F3T. CHIRPS= ©@<=gh $14 dlolE 7} ofyH, T3k A4 #=9] B
= old dolgt. o] te Al A(Multi-sensor) ¥ % if:(Multl source) ©|© 237
=
o

o 2
o\
rlo
XN
oy
e
_1{}«
X
2
rlr
ﬁ

HE &
SF3 4+EE 2 CHRPSY 4 HA 4 Aol A= Al F 8}
T e 71583 FHd A4 WA s 2L, #5471 9}5 ]Oﬂowi% P27 A3}
wrg sl HolHE FEstE Aotk o]& TSy 9 CHIRPS &uel&e IA Al 7HA 3
Al 7lsoeg2 FAEY: (D) asid= 71 A(CHPclim), (2) 914 719 744 FA(CHIRP), (3) A
2 #Z2-9)o] gA(Station Blending) wlolElo|th EEo|x AL&¥ tlo]E]E= CHIRPSAIEE Al
g Ass AA A 948494 BT dH A

¢

O

°]
[e])]
H
3

A HEAS AATSE A 53
(Thermal Infrared, TIR) dlo]Eolth tF{FA FF A=A FE] A 2= 71529 =9I
UHE FHo] Aot FEo] A AFIFE A 2= dolxy, ol= 73 As 7H
=& 7 FES 9udith CHIRPS= 75 AW 257 54 AAZ mvkel AerE A<
Olf &2

o}
o}
H AZE, & CCD(Cold Cloud Duration)E 79| tig] H(Proxy)Z AHE3t) o]
= 1981 R 20003712 NOAA CPC(Chmate Prediction Center)®] Bl ©®|o]EAl3} GridSat-Bl
TS AR&sle] 30 A9 943 olmAE A gt o] A7|9 HolH«+ 4 AW A9 g
AZ i AG(E3] £7] ofzgl7l 9 AEPdA AE FHo]l & F Utk 2000d o] F
Zt&= NOAA CPCO| sl d=(dkm) 2 9] wlolej7} 7FgajAHA By Fd3k CCD 4F&o]
Sl Mok whdHo] ©hde CCD W e FE9o Ad exvwks ojgsng, FE Ade 23t
A AT FFFol A HE Be]s whEd Wl(Warm Rain) 3A(: 8 4=, iyt 4<5)
ZAek= H #Hofsttk ol= CHRRPSZF 54 Ao s 71Fu @& FRoA 4
£ I4& FAY 7 e Aol "Anh dargEL 0.05° Ao EH?‘?H 5 @92l CCD &< A
2Fgtt} o] CCD %t TRMM 3B429} 2 wlolm=z sl 7|qt 94 A4 37 £48 53
Zrdmmes HEEn. AAdE CHRP Holged A% %—f—ﬁ: HoleE sty HF
CHIRPSE AAsl= FAHo]tHFunk et al, 2015). ©] AL FAHH AAY 7F5HModified
Inverse Distance Weighting)< AR&3te] Tl dtt. A #AF47F A A A, #5H 4
T3 CHIRP 914 F84 119 vHl&S A4kt ol 94 dlolE7t g A A-oA AA| %

o=
ol
ol
N rr
oy
4 o

THE driyg Al BE A4 JUHEEAE YE e 2R AlSUE 9o gEd J a9 ml
&S AA HAAZ B v &S Aol AHEEHE JHEX(Weighting) s @3k A
27t ok, A A F3d A 74 A 2(Spatial Decorrelation Distance)E 8F3
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2 VFSAIE, o] Ho

CHIRPS Precipitation Distribution - Korean Peninsula Region
June 22, 2000

65.39

58.12

50.86

43.59

36.33

+29.06 -

Precipitation (mm/day)

r21.80

r14.53

r7.27

122.5°E 125°E 127.5°E 130°E 132.5°E 135°E 137.5°E

—-0.00

Figure 2.4. CHIRPS precipiation distribution in Korea peninsular at jun 22, 2000.

2.1.5. AA#ASA S

AFEE Fobrol B AzEle] ABo] 9ste] BF, grbaAl, Lelm AW Al
of Jlgke] WA WAL b WA, 223 A4 AU e Adelth B8, AW BAF
of WEG U Edsie P4 AT U] Aol oF tRee e AP
A A% Gvel s A3 Aojol AL el s W, Tah2) AFE Aol
Lo gom s B Axd SAZE YEUE 5 2A4 w2 dakel 23w A4 @
e AR ZASn BAs] s nsaEe] B35 Aurt BaAolh @A) 14H
< AFE Ao TR HSAE(ASOSS WA 7| G HSARI(AWS)E =83t A ThFigure2
5. StElolHel BAMSRE ARE YY) st TolE BSARE Ml AXsE
Az AAYs g % AFARE o §3hATHFigure 25).
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Figure 2.5. Locations of AWS, ASOS observation station in Jeju.

Rainfall Distribution on June 22, 2000
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Figure 2.6. The rainfall of gridded ground observation stations.
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2.1.6. 71 At 2%

A A BE AFolAe FAaAFAS e BAEFH AR S st dFAT 2
Z9] 3l 714 3k5(Machine Learning) @S o] 83t w3 dE AXAFL A9 g
& gRstaA st 53], HE3S AP S xSt e AT ARY Afde w4
2l HHo AUXA AgHE 32 (Overfitting A4S HolAL, W E dolg o Exak
TZE FE3] gF3A Esh= B4 Z 3 Underfitting) &A417F ©7] w&ol, o]83t EAE 3
Ast7] {8 B AT A+= RandomForest2} XGBoost(eXtreme Gradient Boosting)E A}F-&3F3

T EaEEe AE g5 oFdl 4Rl HlZ)(Bagging, Bootstrap Aggregating)d HF-2~¥

(Boosting)= 747+ tEsle 7| AIStE REEA, 82 AF A7 4ol ¥ st

Random Forest= Leo Breiman(200Dell o3l A|otH ol =, mdeo] Eike
2A71e 593 stolHuetn ol tigk 7 Ad[Robustness) HEo EF 2 37 EA
ol ol~gel a2 g Fokrh ¥k, Chendt Guestrin(2016)¢] A<+3F XGBoost
Gradient Boosting Machine(GBM)2] SAIE =E3L7] 93l 23 HIH A A sk
stal, Al 2=F #dlo e WY AHYE TSt S5 ALEA T2 d5e Ho
To2 B A9 7|2 RdE o] &3

o rulo (r Lo |o
N

I~

rlr

m

I
Moo iy

B4 ZHdHace oA SAS 7 g 914 AlA dHeolE ek A
dated 7123tk 948 H4(nput Features)Z AMEEE 4714 8 994
(GPM IMERG, CMORPH, PERSIANN, CHIRPS)®} B}l ®4(Target Variable)Z Al-8-X
= AL #FF ARAWS)E o &3t AFAs dadEs st A 35 A== A4
70

ol
R
2
b

o ZAtg e HoE BAS A HFT AEEY HASEE HAFshr] 9 F3H(Ground Truth & &2
o] g3ttt & dAFdAE 1EE #FLS T3 T == ASOS, AWSS] < HolHE &&
gty AWSE gdwtzlo g Ax3d -2 (Tipping Bucket Rain Gauge) %412 xj&&ta o). o]
= 2 )l =2t HFlo] AREHUA A7|H ASE T

m
/\]{ MEGEE AFAT, ZFF Al BlgEo] Y2 £
s iz 2+ &=2(Wind-induced Catch Deficit), ®Z 3o Z§F &
o] o] gk &4 (Evaporation Loss), 123l ul-¢- 7t 49 A Bzl A= —.E A=
b 4 FA(Undercatch) 52 1A% 238 = Atk WA A s F
(=) oly AA e Ho #H= AE 2Hsh= #h(d: 1A F
2 > 200mm 5 A9 713 EAS 183 A AA)S JAA oHFE Fsle A A
=(NaN) A gstAY AAsA =3+ 0171@,61 #=2(Nearest Neighbors)E9| Z#y Hlal
EA BS54 HolHrE FH SR o gho] W ol FAIAE AT A T=
Hol AWS #HES o] &3l = 617‘(Krlglng)°lb‘r AAE 7HEHIWISZ sid 22 o
e A%, Aa B=3Fe] HakResidua)7t S8 23 HAE Hlojd AS AlF
HolE 2 B&3ste] 2 o}oi‘li‘r A2 g5+E= GPM IMERG version7-2 o)A V06
| A AAEAL, ASE I8 PEE T4 FAMEEE 0,01 ° =2 B

3
=

£ ﬂi’ﬂ
mﬁ
)
i)
i

rlo J{N' —|>

3
rui
O.u

1% ox B & N 4 ot 2

=2
=)

ol
-
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{F5kth. CMORPH, PERSIANN, CHIRPS HlolHEE EMAR SR X JASAEY 22 sIFER

{8}%15} Z+7+o] d) o] ¥ %Oﬂf\i AZNaN) As &= 7|Asts 2d(E3 Random Fores)& 2
ZXE YYo= 383t &v AU Brh wEtA B dFdAE AHeRE AL4E HolE
Al(Time Serles)a T =, @1 HyU B W 5 St 230 EX3e Bl 2H
dole FRow)S HAA AASI= HaS et o= HeolHe FAAHS RAs] sy
A &4tk XGBoost RHo] ¢ Yz o7 3] AA(Sparsity) S A gdte dagZEo] WA
o] 9o A=XE AR B} old sh}e ERo T &S £ ¢Jo), ASS Hlw AF
< 98 54 o2 AA YA @ed] A8 ArIFTHeE dPoE A AS 9
o], mdo] Zo EEH wWAYUSH A9 %*é% g5 F AEE Y e HFE &

o
A([Feature) 0 2 F=3t] 743 t5 914 5 GPM, CMORPH, PERSIANN, CHIRPS 4% ¢]
B4e F Hom QBG4S FHE PILAUL AY AR Topographic

o
[}
FAZIEHADEMZHEH F=3+

o
Factors)= 7ZE AdA &3] ¥z, sy s A
(Elevation), 7 AKSlope), @H(Aspect) Xéli%: A48 WHFo FUstATh. AdAEE g8y %
L (Month), ¥(Day of year) X<} T+ AP =, FR)E ETFAA mdo] AlFIHA ™
skt s AgAmnE TSI Zﬁiﬂ 7} ¢t59 dole Al 'Data Splitting’ GAE 7
ZFH(Train), A=(Validation), H|2~E(Test) A EZ E&HH, o]|F F 7} #H3 AL &
& 8]&<] Random Forest®} XGBoostel]l #g&¥th AR Holy E&L ndol kst

59 grista FAFHOverfitting) S W57 98] @A tlolEE 70%, 15%, 15%<] Hl&=
TGt FSAET0%) = 2o gguEE FH5A7E °U ALHAT, AEZAE05%)=
sto)# ghebuE] S (Hyperparameter Tuning) % =% A el(Model Selection) #AgolA H5S
BHHYSHE 6 AR HAE ARASHE e 0 fiol A B G 59
A HelHEz, HF 29 Hse AuF oz Hrste © ARgsHAT. A ARe AIREE A
717&3d (Autocorrelation)< 7}1]3 2, 229 A== (Random Shuffling)H th= ,\] 7+ Ao w
2 R3HChronological Splielyt d&¥ BE&S 1#ste naHdE A85E 718ty tHFigure
2.7.

M ox ofr m[o
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GPM

Data Preprocessing

Lat/Lon NaN Feature Data
Matching Removal Extraction Normalization

Data Splitting
Train(70%) / Validation(15%) /Test(15%)

/
RandomForest XGBoost

n_estimatoro=100 n_estimatoro=100

Correlation Correlation

Figure 2.7. Flowchart of machine learning method by raw satellite precipitation
products.
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2.2. Rl ZAs 7R N
221 A% 3 AT B A

ARA S AFERAAE AFez A A7) AHSE 71 #5AEs AFA
W18 B AL #FAASOS 40 AR - AF184), 114H185), A4H188), A (189,
AWS 3270 AA - A&dl(328), AFHEHE29), tHEB30), +%=(725), FR(T727), <kAKT5D), A%
(752), o1& E(753), TH(779), AF2A(780), 72H781), A#eH782), EA(792), hA(793), 713}
%(855), AF7113(861), £$862), 2=(863), 25(865), D&} e <=(866), 4H2H&(867), ARAIH]
(868), V869, X=eB70), KA 2F@B7D, 27°4880), AMELE(883), I+ 5(884), T
(885), AAF4H892), N-d(893), Z74(980) F 3670 #WFAoA FH 2020d 1€ 1L F-E
20243 12¢ 31d7tA o dW 723 S AHEstthFigure 2.1). o, A713F ASo] #
At A ARAES FH] oH dF ARGz, 5o, A2 &4 Al A9l
A THKMA, 2025).

Jeju Island ASOS & AWS Weather Observation Network

— Jeju Coastline
© ASOS(4 stations) el
A AWS(29 stations} _,..r(y""'". s
% AWS missing(3 statiens) et -
’ - & y &
= = A 4 & s
e 'y A (
2
’ {
< ~ A & oS
5 A & A
5 Fi A " = &
3 i
¢ L & &
3 A ichin
2 -
\ N
N A X
Ny A
\ b N g -
act
L
-5
&

Longitude

Figure  2.8. Locations of  Meteorological
Observation Stations in Jeju.

BEHTEE FEAYZEANGDAA AFste= 90 m =S DEMS 7IWte g2 A+
FEo 2A AZFEE 1 km A 1% A8 E 7535t 8 THNGI, 2025)(Figure 2.2).
A=A 5E H2FH o] ®EIPANearest Neighbor Interpolation) g ©]&3] ©7] 2SS B3
3, 4 ASAHY 9 - AR 1k BRE TSk FEI JEAE FHE AFASAT

AZ AA+ AY FHFHFEAEPSG4320)0E 7|¥vte =2 AF= A49(126.09° E ~ 127.01° E,
33.14° N ~ 33.61° N& EZSEF T3tk 5% 3 =+ oF 1 kmzE 2A3A0H,
o] FA3y] el Y= WFL 1° = ¢F 111.32 kmE A &3t A 1145 =3k 4

1) 3tetAlE4(866): 202411 49 3% o] AX
2) 2H(880): 2021 5Y 16% o]& AX
3) A2(884): 20249 10¥ 23¥ ol A=
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¢} qul
A A% BB FAY BAA AN AT A4 A4S wASAT

Jeju Island Elevation Contour Map with Coastline
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Figure 2.9. 1-km Grid Elevation (DEM) Distribution Map within Jeju.

2.22. @i A3 718

2.2.2.1. Ordinary Kriging 7%t ¥3t 3Ast =g

Ordinary Kriging(OK)-& E712 &3Fx 7R (geostatistical interpolation)e] thE 21 7]H o
2, AAHI #BSAH 3 @Y FAEel At FHA AERS VIvte® wA AR e
2 FAst= ol (Cressie, 1993). OK 71¥ el 7Hd & EAS A #5gkol ol &
A B 7HAHSA ¥ TR dAHSAT w|A| 9 rr HAFToEN, 94 &
E74do] FEsH 1/‘rE}‘/‘r—‘:— Ao Hop FH3 BHIto] Jhesdttkes Holth o] dAelA OK
7IHE 712 Ao A7l s dEE S48 2P S 7S, d @9 VIFHSFY F
B HEAES 7857_“'6}74] AdT F J== AAFHAG
OK 71H ¢ &AL A5 AH 119 Aol mE I3 FAAEES AFH o2 st
QI #(Variogram) #4]¢] 9lth. B %% (Semivariance, y(h)E F A Ho] A rwrE "o
A e w g AH 2 SR As) Aol AFE o) g3 A”E HHE AF AE YER =
3= Eq. 2.13% Zo] AHejdth(saaks and Srivastava, 1989).
— As; +h))? [2.3]
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D

o

A 4w P2 DGR 9] o AL F7 BA ARelN sbg nuHo
A

2 Zg¥E 7 Spherica) W ead 2L At £y 2y 9A AYAE A
wgo] asiart, B4 A ol FdAe oAl AltAlE A3 dAe & wrds Eq.
2.29} 2.
h n\
G Z)— i
e 0+cﬁ4g)a#@),h<a o
G+C, h>a

o714, G(Nugget Effec)+= #5 22k v 7HE A7 Ad viRtolA @A st= v)Ag
A2 WE s rdt. C(Partial SilD= 724 WHEAdo =715 WeblH, AA ASiDolA
U a35 AT geoltt « Range)s 33 8o fAHEE & 718E ¢, o
A (h >a)E Blojyd Holy 3he] a4

OK 7IHe "AIS AA 5,9 $8#S T XS wMe #S7; Zs;) o 48 AL
2 FA3%m Eq. 2.33% 2t}
Z(s,) = Y_As,) [2.5]
i=1

A7 A = 4 #F AA FHAHE 7FEA(WeighhE 9wt OK 71HL x5l
H(Local Mean)e] WA 9] F2 EX|3ttal 7IASIEZ, FAFo HIKBias)S A A ¢
& 7FEA9 §o] 10] HEE = Eq. 243 2o A =48 &3}

Y 4=1 [2.6]

i=1
o] A& FA a9 7YRE 002 RFHoEHA, I4ZQ H WIldE B F
Aol BAACE HIHA FEE HAST o 7|HLe 7é 4 22 (Deterministic) WH< o<
7431 b 94HIDW, Inverse Distance Weighting)® 2], dlolEl7} 7M1= /9 334 4
# Fx(Variogram)E F2]o] A H Htgsts HolA AEstEY. OK 7|HS EHA A =
A stoA dF ak #4bs HAsbste TeA 4 & ST 9 3RS B OK 7IHS &
Adoz HH 4y Bd FALFBLUE)S At F, &84 Ayt sd8tdas 3313
FHAFol w2 A o 2 JEAE Foste HAlolth ol F3 Aoy VF T ¥F
°2 PAHE 7T vFAT I HHS T AR 7N BRTG 5AFHCE § A
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2.2.2.2. Inverse Distance Weighting 7|4} &3t AA 3 =

Inverse Distance Weighting(DW)-& 7} d2] Ar&-H+ 2% 2 (deterministic) &3+®3F
ZIMo =, mA A o] FH AZAHY Fel os) IFS weves JHASE “AE
(distance)” & FA o2 ®WIFS 33 tkShepard, 1968). IDWe] 71& Q= o= H3 717t
= SRS E ° 2 9F™e Aove Mde®, KrigingHdd ety e
(variogram)E FA43stA| & Al 7|6k 7MeA| e g o5& Fdsts Ho| EAolt. o|H 7
G A B84 & DWE = A4 A4kl 2 gsttH(Lu and Wong, 2008).

lm 1:13‘. m{

DWW+ HAS AA 5,9 #= FH I35 AR 5,59 Ao st 7t Ad 2%
o2 FAHs = AAEZR B ZIHolth AF AA s o #S5 AA s 1] A" o 76k
Atste 7FE A (Normalized Weight, w,)= Eq. 2.59F o] 4At&= )

/e VI 4
i [2.7]

Zd;f’ Z (1/d%)

j=1

gl= Aot pe= Al

A7IA, de dF A-GH)H AR B AA-(G) Alole] #FF
A BSk FAEHE THEAE,

nE VteA A ES AAste A Sdepr|EHolth wE i

=9 #FE FAE] A Fol 1o HEZ A7) _w, =DHEE. DW 7|HlA A5 p
+ A7t HoldaE #S3k FFHo] A mMEA FAStEAE AR ste 4 B0l
o p #ol AZFE A BAFakol A AT FoEHo FA 2l HElo] AxE«=
) gho] ZS42 AA el HE3(Smoothing) &37F YebdT) o] AFoME 7 A
HopollA 7Hd B o2 AU T3 A wE Y TAE FEHoE wrYgsie
o 2t (Inverse Square) Rdl p=25 Z &34}

DW 71'¢ ol & vIAS AH 5,49 A= Z,) & 4FD 43X wst 29 B3
7 As)e A8 Ao g Eq. 263 o] FojHrt
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Cubic Spline R3t& #= AHES T AP(Linean o2 AAdst= dial, 4 31 3%
t}8}2)(Cubic Polynomial) . o 3N Ex z

A
Adske 7ot 1Ak I3

o
g S(2)9 €WrE S Eq. 2.73% 2tHBurden and Faires, 2010).

Sl-(x)Zal-+bl-(x—xl-)+cl-(x—xl-)2+dl-(x—xl-)3 [2.9]
AZIA b FRke AT a, by, ¢ die AT Y] Feso] HAMA tEe d5A4
AL EIEs AFAT. gkl A4 (Continuity of function values), 12 =49 <

L

A

(o5

2
(Continuity of first derivative), 22} =342] A4 (Continuity of second derivative). ]|
g 5402 Q18] Cubic Spline ©lo]E| ] =224 WL} HE5S I HAH Y o
S=Seamless) A2 FAES FATT. o] AFNA = 71 #ASL9 2o EFASHA &
= HolHE AA3eg o 22+ Cubic Spline B+ 139 o8& #HHA
IS ’;}7-1 & ([Delaunary Triangulation)¥} 782 FH FAHES AX IA Sk, y)E
TR HFTHOE doo] AR (xy,9,)N49 A5k 7= FAY I9 352 53 Eq

o W do rot g W
&

oot 2
[\
i
e
f
ol
Ty

2z ) =S40 9 [2.10]
Cubic Spline2 Kriging@} 22 &A% && =¥ olARL 7|84 %EB < HeA

o ® uYste AAEA WHon #FF FHY FES WIsE=E, DW %11 7Hs el

ri
Y
o
utl
re
1 o
ox L
o

ol
X
fo
offt
R
rlr
to
E
ﬂ
@)
=
D
1%
=
o
=3
r&
o,
o
i
oz
et
+
;O
o

Table 2.1. Comparison of the Advantages and Limitations of Spatial Interpolation Methods.

Spatial Interpolation Method Advantages Disadvantages Suitable Use Cases
Ordinary Kriging High accuracy Computationally Climate data
(OK) Allows error estimation complex Terrain data
Inverse Distance Weighting . Does not reflect Basic spatial

Fast and intuitive . . ,
(IDW) spatial patterns interpolation
Cubic Spline Interpolation ] o ] Time series
Smooth and continuous Sensitive to noise N
(CSD Curvilinear data
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2.2.3. g A8 7] H(Cokriging 7137

Cokriging (% Zg7)& @Y W9 A7 4B 1S 12sk= Ordinary Kriginge 33
3 o A FEA 7)Y olth(saaks and Srivastava, 1989). o] ML o= Al F8 WE
(Primary Variable)®} &3H4 - Egjzo=zw WHI AAB/AE Zte BEx W (Secondary
Variable)®] waHd# BRE RdHd WFToza, #ZF TN YA oS BHAAS
g o2 Mg o] AFodAE AFEe] B AFH EQS wtdstr] f8 T8 W
2 AN #5420 VIR 9 AFrEs st Bx HEE 1 km A=Y AR R (DEM)

<= AAsAH

ox i

=

b

td

)

2

X
m[O i) oo

Cokriging 8 Wt B W 1Ho] HE3FAQ I3t +25 syl fs A7) we

2 13 (Auto-variogram)® w2} 2] 13 (Cross-variogram)-& sAlo 183t} oju], BE u|
2O Pdo] FHo R o] HRTSAHES WESy] A& MY FFEA ZF(Linear Model
of Coregionalization, LMC)< %83} ™(Journel and Huijbregts, 1978; Wackernagel, 2003).
IMCE #3239 =E ®HFo] wgead 5,k & Y3 718 F2(e): Nugget, Spherical 5

M) A8 Aoz IS, Eq 2.109 2ok

7 () =Y 6 g" (i) [2.11]
=1
A7| A B =zt Tz g WS o] FWE s ES yehit B Ao AE LMC
L] 3

2 $H(Fitting) ¥4
stlen, o8 &

&% 715 ey g &4
&, o] ATelAE Pythont RS &3 &}o]

A TR AR e g

1. dolg A& (Python): 1 km A=} 7]uke] DEM A 2 #A=4 9% w4, AAL
oAl TS Tyt

2. ATEA AR A3): rpy2 gelBH g E Tl dAgd HoleE R 4= A
3, AFEA A H7)A <l gstatE & %’8}@] LMC #3% 9 Cokriging o&<g <
E‘r 4 gstat 7R = gHZF wWgead mdgo o] g glolBag oy €

3. A% B3 = AF5(Python): &€ dS¢3t 2974 £4-& w4l Python #7302 3
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N
ﬂ(}L
2
2
2
QL
[
El
_>|‘l_',
U\[

1Z(LOO0CV, Leave-One-Out Cross Validation)& %3] RMSE,

[¢)
£E HE@

=
=
35
ol
o
o
o
2
o
off
D)

i

2.2.3.1. Ordinary Cokriging 7|%F 3%t A3t =4

Ordinary Cokriging (OCOK)2 & w®Wel Aol =2 o Hx HEE A &
&3l dF AFEE Fislsle thA® AFEA 7otk o] AFdAE 71 M 119
584 5489 AFEY AFH A4S EF wdstr] 98, 71-2(Temperature) 225 Al
Bz HEE o|YUsHDEM, Z4ah)ste] 443 thshida and Kawashima, 1993).

- F8 WS (4): 712 (Temperature)

-Bx e 1(Z): 1% (DEM) — 1% 5o & 7] 74 (Lapse Rate) ¥4

O

(Z): 735 (Precipitation) — Z$ Al FitEleE F9 Wz 9 A 2d
A

ol 71Ee 1x oEF AFAHET oivt, A w5 B A= wet Wtsts 729
5

WAE AEAZA EHSY) A% LE=skE Aolth E3, 4 FPrecipitation) BEY A 2
% WSS o] USHDEM, 7] &)ste] FAsHATh

A5, dE A s 0lMe e dZ23 Z(s,)=

= -
(712)ek F Bz WDEM, Z%) B55e) A 9o Eq. 2.129F o] stgd

2 F Bz
94 wolE b WEEY WL AART F2 WSO BTe BE] A6, 1A

o9 Eq. 2133 2Zo] " AFzdE s of s
Ai =1, /11] =0, Ho p 0 [2 13]
i=1 j=1 k=1

NHEA AES A% T AzE G4 3 W5 ke A FeAs WS g el wa
AR BE TPeHE FUE FFRC o] ATolAE ol Bd thilF T27} 3
Y (Fe] AREDE AT + YRS, Y FFEN RILMOLS HE5te] 37 WRT,
DEM, P) 7te] & Wgleadls 5% EEPsAT. o Sal "1E7F 3 v7 2= A9

o] 7o) o Yrk'E B 1% 28 713e BAHE Ui FARAT
ity o 2 7| A g s 1E=DEMTe] Bx W42 AMSEHU, AFEe o] x4
B9} T} 2L Aol §Y L sriee 45 R we} s WAs A 8

_22_



At wgks o] AFdAE ZFHEHS A29 Bz W4E F718te], 7 WZHRain cooling)
gitol o3t 7|12 &-4F 7R AGAISE Rl vk skt

Simple Cokriging(SCOK)-2 ¥+ &3t B3t 7|W F 71 o4& 3143 FEHoth
Ordinary Cokriging(OCOK)e] Z+ =4 A guit}y HHFo] wv|xe] ety 7HAs= AR g,
SCOK2 A7 A HA tisl] Apde] ¢ U+ A93 H+(Known Stationary Mean)<
43 tHGoovaerts, 1997). SCOKS Ay HFS vATFoZH FEA Fxo FHo| s
3, B3] #FHo] EZ3AY BAlol E (Y WEol At e ALl kAo FdEG
(Wackernagel, 2003). ©o] d7elAe 7|2 P ZdF A57F 47|39 #5& &3 A5
AE BHEFS B due A, "9 d9Hd Aol FEETe Aol ARbeto
SCOK& OCOK# H3 A gatitt. ol =429l B wEo vz OCOKe| 3
(Overfitting) 7FsAd = Bestal, 239 A4 AL S FHstr] Hgeltt

rr

A7 my, mye FL& HFOI/F)e Bz dS5DEM AP Fod HY FHFS
BRI, Zs)—me 2t #Z Aol Hdo g AXE, A, «
3g 7] 7}EXE JeERdATE SCOKS 718 & EAL 713Ex 3o A FzAo] A5 4 F=th

-~

= Hoa(Y i+ Y u=1) o= on 23 Y= FRREY FDe mdld FUFoH F
@o] Byiyo] AA~HA WEHY] wEolth mekA 2 1%F S4(Lagrange Multiplien)7}
Basr, ok 71EA 4E HAAY £x7 BARHL Fole AFHE sPH LT

4
A=)
=

2.2.3.3. Universal Cokriging 715t &3t A3 =4

Universal Cokriging(UCOK) dlo]E]7} FIHdollA dA% BHS 2bA] &, 54 ko]
U A&l we} AAH oz WHatst= FA4|(Trend, Drif)E 7Hd o Z Ll
EA 71¥o]tWackernagel, 2003). o] A7 thdA|Q AFEE= 1
oA A(AE  FE), altelA Fo=2 ZAFEF ol =
(Non-stationarity)-& HEQIth o]d] AFolAE 7| W] ¥ iess O 2424 U5 F
Al(Trend)e} @ &&EE2 ZHxHResidual)e] Foz 2 A= =
o]&= OCOKY SCOK7} Z==3str] F& FHH<d I3 725 BAZHOE BIFE + Jvkes %

Aol ATt



UCOKS| A 7123 e ZIdgk(E ) m(s)7F X9 g2 sddT= Holth
o] AFNAM = A=lat), B=E(on), LE(cev)E AHHTE st O3 AY FAAS Eq 215
9} o] A3 tHHudson and Wackernagel, 1994).

m(s)Z,BO +B, « lon(s)+B, * Zat(s)—i—,é’g . elev(s) [2.15]

o] REL 1% Z7o] mE Je a7, 9 - AR e A /% WA 5

o] A AELE AY3 FAFResidual, R(s)= As)—ml(s))ol T3l

: :
o= gyath UCOK: 7
A g e BAGORM, FAol o8 HuEA gt FAH WEAAA FUs ng o,
A% A 5,04 T8 WE ASF Z6,)E FAHCR FA AR B 4R A A
4 Ao Eq 2167 go] =EET}

Z(s5,) = Z/%(swr i‘,ﬂ]@ (s;) [2.16]

olwf, 7}FA A9} pE 4FE3HE UCOK Al2®]l2 OCOKET H343 Afzrs et
FA 2y AL HIAFolBR, 4] HEFHA GEF 7t 7]A d(Basis function:
FE, lat, lon, elev)o| t-Edhe FUHEAR] 2taRF S5 ASRTS WSS oF drh F,
UCOKE @3] FAIE AAS 2ve Zo] ol FAVE EAol = EFstn HFEXA
How

e A9 NFNE 53

-

of Aol A FEE 5 HAE wth

- A Ao gstat WA mF2] A GA A temperature ~ lon + lat + eleve}l #&
o] &]& #EF(External Drift) &8 = A|3}A T

ColE S 228 AR P eads FA RS AW AFHOE AFE A9
A

J{m
oX,
o
)
o
!
o

e mmsh Ay vt AmME A= AF
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2.3. 7133 ARAR 84 FUE {4 Al 7|9 FAS JE
ik-s

2.31. AFA=E A &Ry L=

ATAEE FHT7]ABZAEHECMWE, The European Centre for Medium-Range Weather
Forecasts)ol| /] #|-&-3}+= ERA-5 (ECMWF Reanalysis v5) A&¢} USGS (U.S. Geological Survey)
¢} NGA (National Geospatial-Intelligence Agency)”} Al&3dt= GMTED 2010 (Global
Multi-resolution Terrain Elevation Data)E ©|&3t¢tHTable 2.1). AFA=(DEM, digital
elevation modeD&= 7] 2259 BREZHFEA AME-H AT

Table 2.2. Summary of study data (C3S CDS, 2023).

Provider name Dataset name Variable name Data period Spatial Resolution
ECMWF ECMWF ERA-5 T2M 1979 - 2024  0.25 degree
USGS and NGA GMTED 2010 DEM 7.5 arc-seconds

Z1eA 5= 19799 55 2024d71A] ERA-5 T2M (2-meter air temperature) 4413t X855
A &9 AEE WA T2M A59 &% &7} kevin (K)o2 Ho] 9ojA Eq. 2.17%
o] &3] M %(celsius temperature)Z W3sle] AEE FESIAT. € @Y A 2=
2 H3" A59 A= Figure 2.109} 2t}

Temperature (°C) = Temperature (K) — 273.15 [2.17]

2 meter temperature in Celsius

=]

2 meter in Celsius (Celsius)

-506 -402 -208 -14 179 37

lax = 37.3, Mean = 1.6

Figure 2.10. Example of ERA-5 T2M daily data.
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GMTED 2010 A=+ 7.5 (F 250 ©]E]), 15 (¢F 500 w]E]), 30 (¢F 1 A =Zwv]|H) arc-seconds
o] FZs)d == breakline emphasis (BE), systematic subsample (DS), 12|37 median (MD),
minimum (MD, mean (MN), maximum (MX), standard deviation (SD) EA7|¥ & o|&3to] &3t
BE ARE AFst. GMTED2010 A 5= FFREIPHO| wel 23 = 159 FHA/FHaak
o] ©t27] wjiEel, o] AFolAE LrkHl P(mean) 7ol ot A4HE 7.5 arc-seconds
(¢F 250 mlE]) ARE o83 tHFigure 2.11).

Table 2.3. Summary of GMTED 2010 DEM data (Danielson and Gesch, 2011).

Dataset name Interpolation method Spatial Resolution
Breakline Emphasis (BE)
Systematic Subsample (DS)
Median Statistic (MD)
GMTED 2010 Minimum Statistic (MI) 7.5, 15, and 30 arc-seconds
Mean Statistic (MN)
Maximum Statistic (MX)
Standard Dev. Statistic (SD)

v
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=
o
o
@
]
=
I
D
~‘\./
oo
=
=
—~
Do
o
a
@
0q
=
I
e}
N
2

AFAS /W 1FAR FAS 2l TES AW FEAR THS 2 9AZ THEG
{:q 1

(Figure 2.12). A WA GA= 71& AEEE TS5t Z2Y Hi(scale)oll 23 upsampling
&+ B3 AMPAEE WS F OHA dAe FAMEEE VI M= wF7] S

S &3 SoF 22 ug 7|2 Mgt Ex¥HS DEM Ase A=
A5t 2 I AFEE ZEEEet] WEstth DEM ARe] fAEE S QLELS A
Edoi¢l QGIS =218 o7 Hi(average) HIPHS o] &3t ABE T34t sSARE
e E ZIF FolAolA S Yo R ASdE A7 StepldH Step2, 118’4 = DEM #A®
£ 1 3 X|(patch) & &2 FoAA FF3tHAKFigure 2.13, 2.14).
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(e

Figure 2.11. GMTED 2010 (30 arc-seconds) global elevation dataset: (a) Breakline Emphasis
(BE), (b) Systematic Subsample (DS), (c) Median Statistic (MD), (d) Minimum Statistic (MD), (e)
Mean Statistic (MN), (f) Maximum Statistic (MX), (e) Standard Dev. Statistic (SD).
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Step 1:
Upsampling Step 2:
(low resolution) Downsampling

= spatial resolution

Step 1: Upsampling (low resolution) Step 2: Downsampling

Figure 2.12. Schematic overview of the dataset generation process for Al-based climate
downscaling.

ERA-5 LR

. ERA-5 HR

6 DEM(=ERA-5 HR spatial resolution)

Figure 2.13. Structure of 1 patch of the dataset.
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ERA-5 LR %
j HAO.O

20.0

0.0

(@

ERA-5 HR

5000.0

4000.0

3000.0

2000.0

1000.0

0.0

(D) (©

Figure 2.14. Example of the 1 patch of the dataset.

2.33. A&AT 719 A3 2d 2A

2y 7)6ke] o)lmx] AAE A= ill-posed problemS tFEE Eokg, 1719 ygkol
B x@te 7HE ok om A AAE AFolA FR3 AL HuE e Zlo] oY
24 sk Adtaskell 7 Age HAsE 2= Aotk gJed EokdAe HHds
# %9 SR (super resolution) ®==<Ql SRCNN (super-resolution convolutional neural
network)E 4]zt 2 SRCNN (Dong et al., 20158 7§43 FSRCNN, ESPCN o] 1thDong et
al., 2016; Shi et al, 2016). WE<L = Zo]& &% VDSR (Very Deep Super-Resolution),
ResNetol| A AR&3F  xk BE(residual  block)e &8&3% EDSR (Enhanced Deep
Super-Resolution) =do] JtHKim et al., 2016; He et al., 2016; Lim et al., 2017). GAN
(Generative Adversarial Network)= 7]HFO 2 3}i= SRGAN (Super-Resolution GAN), ESRGAN
(Enhanced SRGAN)o] ¢l o m(Ledig et al., 2017; Wang et al., 2018), ChatGPTE /f&3st=¢] 7]
o3t Ed 2 v(transformen)E 7|HWFS. 2 3k SwinlR, HAT (Hybrid Attention Transformer) 5=
A thLiang et al, 2021; Chen et al, 2023). #ol= Diffusion ModelS 7]¥to. 2 3}= SR3
(Image Super-Resolution via Iterative Refinement) 5% Y$tthH(Saharia, et al. 2022).
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)z gAE 2d Fo A zkzk EES # 83k EDSR (Enhanced
Deep Super-Resolution)& 7122 REHE& AASAT 2 AAFAHAA dolHA F5HH,
AEHAZ T=x, HEAR AR T 09 2148 185ty H2ES L vl Hrishr] $8)
2o Fx7} F¢HAE dFol £ 2ak E50] ALH EDSR 2 o] &3t CNN 7]
Hko] EDSR R d-g o]&31%th. EDSR Ed-& Figure 2.159F 7+o] ResNete] zkzp E-Zof A

-

—_—

of ATolME vt o

- l—)«

of

batch normalization (BN)¥} addition $2] ReLU #43} $F<=(activation) A A 3ske], GPU wW &g
ALEFS ol FAAPE F7HAZHTHLIM et al, 2017). EDSRE 7|22 dolg 7 7|HE
g3 EDSR+, multi scale2 %83 multi-scale enhanced deep residual (MDSR) &% A|<+3}

AT

Xy X;
\ \
oo J) N
/ 4 Conv ’
O -
) EE— RelLU
(e J v )
e |}
7
Addition ' Addition ’
R |}
}
X141 Xi+1
(@) ()

Figure 2.15. Comparison of residual blocks: (a) Resnet, (b) EDSR.

o] AdFolA& EDSR BEAS 7|22 A sl &0l ot A= A5 (Step DO a13)4
T A5t Az 3717 22 A= AEStep 2), A E A5 22 AR 7] BREd
(3= DEM) A8E 133t CASE OLR (only ERA-5 low-resolution), CASE D, CASE
DU, CASE DUR, CASE UD & % 57FA BE$& AAIY. dE€xse ujd F=x% batch,
channel, height, weighto]t}.

CASE OLRS A& A= ERA-5 A &WHS o] &3] A3l 2dE HxwH<a DEM A&
ol dFAFE ERA-5 A E Step 2 AETHS o] &3l &= A 3 thFigure 2.
16). CASE D+ CASE OLR &Edo] R ZH< DEM A5E Y=EAE 374 ERA-5 A 4=
Step 2 AEE ol&3t. F AEE 22 HA|(patch & 7|+ = channel 0 (ERA-5 LR Step
2), 1 (DEM HR) =AMt Z <] 8= ohFigure 2.17).
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Residual Residual Res»dual ﬁ
3 Block BI k Block
[ [ JL T
= ) T
ERA-5 LR (Step 2)

ERA-5 HR

Figure 2.16. EDSR-based downscaling model: CASE OLR.

ERA-5 LR (Step 2)
ERA-5 HR

DEM HR

Figure 2.17. EDSR-based downscaling model: CASE D.

CASE DU= ERA-5 A3/ %= Step 1 AF=(ERA-5 LR Step D¢} 313l = DEM AE(DEM
HRE dEAEE o] &stH b & Rdd & AL F Jdexart 22 UEYARE 53t
A= A8 s 87 2 HEYF st5S 3 bias, weights QElo]ES &3
o, AT A5 FRI F& FY(receptive field) HRANA StG5HE HARE B AT
AA8E FHI FE& I HE AA o] Jhe3 Aol Utk FFAEY Step 1 Ame A
T A5¢ wjd =77} tE 2 E upsample 7-7FE o] & dcHFigure 2.18).

‘

1

i Residual Residual Residual ’ ‘ X tv
esua esidual lesidual i x o, le 1 ~s

m s I' L

1 y £

1o

ERA-5 HR

U} ey
| -

ERA-5 LR (Step 1)

DEM HR

Figure 2.18. EDSR-based downscaling model: CASE DU.

CASE DUR CASE DU°lA Ffdte HEYIE Edste Zx & U EHIE T3
st =2 sl thFigure 2.19). mix2to 2 CASE UD+ AsjA4% ERA-5 A& Step 1 AR E
ol&st] 4 Stgelal AAISE A dACA BRE¥HS4 DEM A5E Friste] 1s)d = ERA-S
A5E o &3+=d DEM A#7} 7Fo]l E(guide) ¥&S == A A 5l thFigure 2.20).
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[l 7 Ll 7 l 4
Residual ’ Residual ' Residual ’
Block Block Block
[/
-f=] b
DEM HR j‘

SO =7 ‘
Resdual R ldual Resldual x lo, g (scale)

. ERA-5 HR
‘ o

ERA-5 LR (Step 1)

Figure 2.19. EDSR-based downscaling model: CASE DUR.

DEM HR

A
Conv+Conv

— \v
¥ s s = Sttt l
L i Y — ‘ .
- o oD D Upsampl © — Cunv

ERA-5 LR (Step 1) ERA-5 HR

Figure 2.20. EDSR-based downscaling model: CASE UD.

2.3.4. JAFA T 7|6t FAs =d Fr}

el FA % 7wk AAE =deol Hrl:= Peak Signal-to-Noise Ratio (PSNR), Structural
Similarity Index Measure (SSIM) & ©olm|A] &} 7|¥kgt B7} AFE o] &-FrtHWang and
Shikh, 2004; Sara et al. 2019).

PSNRS Hf AzA F2 HEE A e 5H 4 Ao tig &4 HRE
Brrd o Abget E4do] AeFEEde] w45 & #< 7FId. PSNRE Eq. 2.18%
Eq. 2.19& o] &3t Aitdd.

MSE(/, 1) = ﬁ i i([w ~ L) [2.18]
2
PSNR(Z 7) = 10 x 1og10( Z[ 7 ) [dB] [2.19]

A7 A, = TIAAE ERA-5 A7, 7= 14T 22201, nd = TINE A=
o] A 7)otk R A2 WR oA Agol At 8bi =
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71525 22 A9 HolH e WMAE Attste] o] &3t

SSIMS 17re] A=A gd zpolE HUshr] 918 ke HIIAEZ 3] =(Luminance),
tf ¥](Contrast), 7-Z(Structural) & 37} ZWHoA ZHE Hr13th $2]8 Eq. 2209 2.21¢}
2. A7|A, J=e 9o 8], tirle 8] o], 7FERE AABAE 9rdy. SSIM gk 1
of 7W7t&s& oW AT B fFARRE 2SS on]gth

(Zﬂlﬂ}+ Cl)(261}+ CZ)

SSIM(Z, 7) = .
(&0 (17 + 5+ C)oT+ 0%+ ) [2.20]

C = (K, x R, C, = (K, % R) [2.21]

71N, re AAFE FH AR, 1 LIAEE GSAE, 47 p,-% Z} olm x| & Hgk,
o/ o5 2 olHAY BAE g, FoolHA F FERAIY ¢ o SAIIE A% Aol
o K3 K2 ZF 001, 003, RS A5 HAR 7327 2L A= HolEHe HIAE 9

g3,

ojm x| 5} wWslo] whE PSNR¥ SSIM #h& Figure 2.213 2t} o|n]x]¢] spdo] vropad
% PSNR¥} SSIM 3= olxit

\ ‘ ‘1\ |
P Qfm. éﬂu P

Orlglnal image PSNR: 30.10 PSNR: 25.32 PSNR: 20.74 PSNR: 16.36 PSNR: 12.15
SSIM: 0.613 SSIM: 0.368 SSIM: 0.187 SSIM: 0.086 SSIM: 0.036

Figure 2.21. Comparison of PSNR and SSIM values according to variations in image quality.

Wang et al.(2003)2 SSIMS &Hsle] o|u|X|e] ALl ME F2F FAMFS HIlst=
W © 2 multi-scale SSIM (MS-SSIM)S- #) ¢F&}¢dth. MS-SSIM 4] & Eq. 2

M
MS—SSIM = Y SSIM" [2.22]

i=1
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A71A jE 2AYE 1S Y8 25 QB 979 128 j& 1j 27tk g= 7HEAE &
o AL wel 2AD 17E 0.0448, 02856 0.3001, 0.2363, 0.1333= o] &3t

PSNR2 ojux], vt FAS SAHst=d de] AFSEHARE 19 A7) Al2=HlS

| @¥=th o AxE+= oH|A| A 9 A vRAE S AEskA KehH, /13 A
b= AkE Q] FHEAdE 2t PSNR2 FE8= A(Euclidean distance)e} 22 17
I Al F(per-pixel) =4 33%1 7t 54 (pixel-wise independence)E 7} stEE o] u]z] 2}
TZ3E €95 ¥ + FAFst. O9a AAHoREE #Ho] S F U
e e Wslelx HIE 4 glom, ol&E <lal Izt 1A FH#AA T 2ok (Arabboev
et al., 2024; Aveq, 2024; Zhang et al., 2018). SSIMe] ©H 2 o|u|x] EHFHo] HHF RGB &
S 2 AA™ SSIMe] A B FFHAEEES ARESEY] wjEell SSIM gkol AF & Uk Ol
27} S Al(blur) A&7t HH ghe] #27F vlshr] wiEo] SSIM gkl =5 4 deH,
HEE P@rie 4 glokxoft, 2022). T3, PSNRE Hi 23k 7|90 g2 A4bE 7] wj& o 5%%%
(peak), 7AAl(edge), 33t2 Fx W3 2& Fo3 B £48 wgstx] 2 5= 23 SSIM
ol Ax 7HE & AH7t obd 4 JokUohnson et al. 2016).

N

0?~

o] Aol ek 2e oA A FAAE P 71@0&%011& ol AHgshe a7
=2 5(ASOS, Automated Synoptic observing System)¢} HlwE T3 =& I+ A5 H]ﬂ
o} {7} X3EZE mean absolute error (MAE), mean square error (MSE), root mean square

error (RMSE), Z18]1 Foj& A#AAA A5 R2E o] £3tH, 4L Eq. 2.23, 2.24, 2.25, 2.

o

267 2o} oA RPE 3 " == A5A AdE e Hristed o] &3t
M N
MAE= )Y |7, I; [2.23]
i=1;=1
M N o
MSE= Y ¥ (1;,— ) [2.24]
i=1j=1
M ~\2
RMSE—\/ > (4~ 1) [2.25]
i=1j=1
M N o
2121@; L)
2__ 1= 17=
R*=1-—F"% . [2.26]
>3 (1)
i=1j=1
UM 2HAR FE3 ShEAE

A TS AR ARE 7Eo2 AH AR ASOS A
g9] 20201 3~2024d H 59 ARE o] &3t A

A W) ASOS #2247} 27) o4 Aol BER
AT BEgE ol g3,

o
ofo
P,L
K
i,
Ao
BN
o

B
2
ol
g,
i
\
BN
O
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Input data

Upscaling

~~~~~~~~

<

1t Upsampled data

27 Downsampled data

Downscaling

<

ASOS station

Figure 2.22. Diagram of the ASOS station data construction
process.
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24. 71FAE A= BE FI/F AAY B}
24.1. A5

2411 ASAE

B Ao A= 20008 FE 2019@7kA] 20d7Ee] 714 = A8E FR3T AHRE V)
d Wae "Horle, Harle, HAAVIZ T 3FeH, ARE 7IFHEEKMA)Y FHNZBSL
(ASOS, Automatic Synoptic Observation System) 977 A& 3 AF714#Z2(AWS, Automatic
Weather Station) 5087) A HolA A|Fste ARE 7IHe = st tHFigure 2.23). 4¥ &4
ol& 715 BEHA9 Mae g7 Wi #FA9 e Extel wel Wsksth. 20001 o
= W 443.9709) AWARI} AEE oD, 20160 T B BEa AEG.INE A
St AT AEE ZA4E AEL AFLTF FUHEO AdEARe FUUEI HAAH FolAE
Ae ¢ & AtFigure 2.23).

g
A\
N

Spatial Distribution of 605 Observation Stations

39

38 1 XX

371

w
3

Latitude(°N)

351

34

X AWS (508)
O ASOS (97)

33 T T T T T T T
124 125 126 127 128 129 130 131 132
Longitude(°E)

Figure 2.23. Distribution of selected 605 observation sites
across South Korea.

ol

FRE BEFARY AN FEEE Frr] ffa AF FEAHAHQC, Quality Control)
& 98 ARE AESHADCIAE, 2019) %—@ AAE Wl BAS BE 202 welsl
A2 BARADNL SRAAAS ARE FAHUT



=3 AAR I HEKMA) A AATE dFE SERAAE VISR ol dFe LR/H
o7 Ag

ARAHAAR 71 23T tsl =24 JAE 7o R o F HqFE A

Trends in Valid Station Usage (2000-2019)

600 1 Daily Valid Station Count 589.1

Annual Mean Station Count s612 5663, 5706 575.0 577.0

583.4.. .585.1 5841

532.0 536.0
s07.4 5112 5158 519.2 . 523.0
500 4 496.2
466.9

443.9

w B
=} =)
=] =1

Number of Valid Stations

N
=]
<3

100 +

oar
Figure 2.24. Trend in Valid Station Usage (2000-2019)

712 3% 2 Aol taiAe ASAAS 283 AAE Fdstd e, o] HeE H
v+ AZFE LFHUOE Tt A9 Atk B 7 3T FUIE 7|2 943 A
AL H 7L < B 72 < H7|2)E A&t o] e WA dve dSFS
71 9H LR/ E ISt L{FHFOE AYSAT. FE, FUHEE, AFC s A
2 =g A HAE 23S A5 FEAAE TR HTable 2.4)
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Table 2.4. Automatic Quality Control (QC) Criteria (Reconstructed from the 2023 Final Report
of the National R&D Project on Climate Monitoring and Prediction Applications).

Variable Test Item Criteria or Condition Processing Method

Mean Temp | Pysical Limit Test -45C ~ 45T Treat out of range
values as error

Max Temp Pysical Limit Test -45C ~ 45C Treat out of range
values as error

Min Temp Pysical Limit Test -45C ~ 45C Treat out of range
values as error

Precipitation | Pysical Limit Test Omm~1500mm Treat out of range
values as error

Temp Consistency Test | Daily Min < Daily Mean < Daily Treat out of range
(3 types) (Inversion) Max values as error

Treat out of range

Wind speed | Pysical Limit Test Based on limit per variable
values as error

Relative | b ieal Limit Test 0%~100% freat out of range
Humidity values as error

Solar . - Based on Max allowance per Treat out of range
. Pysical Limit Test )
Radiation device values as error

2412 THFE AR

ol

o] ATt LANEGHNFE Ikm, 500me] AXE BEARE o] gt Selvtet
e 3FLBFIN L, AHIL, YA AR Bl AFL stk km 44T BER
S+  Modified Korean-Parameter-elevation = Regressions on  Independent  Slopes
Model(MK-PRISM)ol g} EA12 AAE 78S S4slo] 42HT. o 7Me Selete] &
A3 A 58S Y F JA=RF NEEHJ oW, %, AFEGEE ek A" Fo AY &
AF A3 AIHE 7FASEE YA THKIM et al., 2012;2013;2022;Park et al., 2014.).
500m AAY #SA g+ IkmARE 7|HEO 2 500m A FARE o] 83t AY4Hs= Multi-Step
PRISM(MS-PRISM) 7'H& &-8&3lo 4t== A tHTable 2.5).

MK-PRISM ¢-gjutete] B34 Aq A& vrgste 1ajds Ax48 713455 A4
stz sl AdE SAA S AAE Zdelw. o] Ede  umolA Jidd
PRISM(Parameter-elevation Regressions on Independent Slopes ModeD)-& 7]¥to. 2 3}, k=t
A EQ3 715 B4 DA +F - ngd P2 H AT 53] AR Po] e s
o) £4¢ mste, AFLERT ohie} sAM A, AE WF AP AR 5 TFd B

[S]
A 928 NYFoEA Bk AUF NFARE 4T 5 =T MAHA

o

MK-PRISM®] #14) 9t 2 A sl 78 B5A45e] BAE 87 BHL 5
A Zolth oW wad A s BzbEel ofd, AY Lol weh AFAE Hols

g0z HY AANS AV AF S, LT} B Ao
[elie)
==

M= 4
Hbgetar, st Tk Aol sieke] 9 aRE aEste] r2ou A
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Table 2.5. Description of Data Sources, Resolution, and GIS Attributes.
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1) Obs Data

J3EN - aunk
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Figure 2.25. Gridded Data Production Method Using MK-PRISM and MS-PRISM.

Multi-step PRISM 712 #5713 89 7|FRd Ayl s Adste wids AA3
7| EA5E A7) 2% BAE FAIsE otk MS- PRISM* A AN dAZ FA44
o A WA dA oA = MK-PRISMS Z&3ste] #S715485E lkm AR fFEE AHASe
o 7 WA dAdAE AASE BSES VIR o e 4_‘: AZE S91e] 7IFHSE A
ghokFigure 2.25). Al WA @A AE AG7|E2DRCMANA AAE A 2D vy 7]5=;
E AREA 7IHE S8 BASH, o] AN R AFex @ AHA AAE HA)

M HA GAlAE BAE 2d 7]33E 7He g vy Ayged OE JEHEES
btk o]uf RCP T& SSP AU 0 o2 7|2, Zowd 59 ¥stgo] =& oA #
AN E BS 7o FAsE A5t Bd 7|6k WEHS A i}o}oq u]aﬂ AES =
gt s Eto 2 oA A GA s A 7] $ 8= de &3

d E X
o, A FAFY AR WPRE 5SS MYt ue) A

2 oo

.

;’g sl rLHN'

5

|

ol§k MS-PRISM 71-& ©d Ulite dol #2337 2o §32 £o) A H& v
WNFARE TEE & e HolA, 71308 9 B AL AW 5, Ad 4F 5 o
FT Bopold ZEHT YT 53] E, B, 59 5 FAT BAo aRHow gy
B, 27h Aol NF e e Y SYE FLT MARE AJLHT

2.4.2. EAH
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2421 29 HEH7} A&

2 dAFolAE Atd 2l Hes thzF o= Hristy] st v A ARE
g&etdtt FAHCEE AFHA AFH B AFH BAE FHotstr] A AT
(Correlation Coefficient), v Al ¥+ 22HRMSE, Root Mean Square ErronE 53 mde] A
HAQl o a71E AFsetd o, AAATR? )E AHEstd BEdo] #S7 MEAEE €
nhu As £ JEAE 4S9 HGupta et al., 2009). I HF HIFBIAS)S F3] =3k
o] IZZkel M) AAHSE Ao &2 HA FAEHE AFS S, FHA - 24
AP S FFH oz 183+E= Kling-Gupta EfflClenCY(KGE) A 45 ALsle] melo] Z3HA el
A 89 ﬁﬂﬂz‘s}‘ﬁt} Ao 2 Morns | AF4E &8ste] A A7) 4#e BA3to g
A wdo] F3HA dEle dvpg F4A3] wgete 1% AEsIAH. ol H3 e Axe &§
<+ B3 Rd des ‘i‘r" Ao oESA @ AF R HIUIFo RN, Bt A4 A
THA)] Ao HE5S FHsAT. Tt B AT AHEE 2E HUF x5 A= ol

o A#A < (Correlation Coefficient, Cor, 1)

AWATE AT B B 4 W9l B9 YTE e, e A 5
S8 YAY W A, -15 1 Aole e AT 16 LSS F Mt
F9 43 BAZ 2= AL o6 BeHEg 2.2D)

Lo
éé

[2.27]

e i AFZ 23 (Root Mean Square Error, RMSE)

RMSE= 24+¢] A715 Uelle ARE, AS#IA AS4Y Aol& AFste Ho d &
AFEE A3 gro =2, zto] FS4E o= F5o)

N
RMSE = %Z(P,.,— 0,)* [2.28]
=1

« H| (Bias)

BIASE olZgts #37ke] WFHQ AolE UEITHEQ 229). @0l o) olZ(P >
& AEP < 0) Aol Yee s, 0o NS AxwH WY



N

BIAS= =Y ,(P,— O,) [2.29]

i=1

HAAA S (Coefficient of Determination, =2)

ARAFE =dol A3 dolEe] WEA F Arvkt Be FEL AWaEAE dehie
A Fo|thEq. 2.30). 0 # 1 Ate]o] & 7HAH, 1o 77heE Rl ARLrt & AS

oju] g},

[2.30]

N
q714 EA Y (0,-pP)E FAR AFE (Sum of Squares Residual, SSR)E, HE
1=1

M=

(0,— 0)? + & AH¥T Sum of Squares Total, SST)& o] w3t}

1

-
I

- KGE (Kling-Gupta Efficiency)

FE wdo] A% Hrsr] Yall 2009 Gupta, Kling, S &8 #Al¢td &4 A
o]thEq. 2.31). 712 NSE(Nash-Sutcliffe Efficiency)e] ©de Rebsle], mdl o 233 o
& Ztel A, WsA, dY Al VMR 84 SHA R HUtste Aotk KGE9 g
—co oA 1 Abo]] WSE 7HAH, 19 7M7hess RdY Aol 89S n| s

AN b

KGE=1—V(r—12+(a—1)2+(3—1)? [2.31]

A71A r& FBAAGola, o &= HE5A(variability ratio) ¥l&, £+ ¥4 S(Bias ratio) ©]

=

2.4.2.2 37F A7|4H B4

o)

B AFoE 343 A7ABS B4 7] 93ke] Moran’ s 19+ LISA(Local Moran’ s 1)
£ Z&sith Moran” s I 94 &3 A7)dd As=A dA dolgrE &3(%Fe A7)
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), B4 A7), He PAY A BolEAE e gol +lo] eSS
1

o
o
e grlstH, 0o Iheas 529 B2, -1 JkerE

ARGE FEEC] FHH R Bo] 9]

o] % Zt itdE greEo] E4lE Y &S yeERhdATH(Moran, 1950). ¥FH LISA= Moran’ s & A
o g2 Easte] A Aol AA sfHd drby Z|AstEAE R Eh ol& Fd =A
Z % (High-High, Low-Low)3} ©]AX](High-Low, Low-High) S 28 & 4 o, o= F3tH3
HElS Bk AEstA A ete o F&3tth 53] RFUAE VFoE FAFH FHAY A
3 AXE HwFo =N I o] A E FEE T UTHTable 2.6)

e Moran’ [ (934 F3+ A714H A5

Moran’ s [ g2 +1°l 7W7b&5 A7 o &34 A7), 00l 7hess 54449, -1
2

of 7I7M&+E A3 29 A4S 9rgc (EQ- .32).
[ = ( : _) NE w~(xv*a;_) [2.32]
! m? i=1 v '

N: &5 A A, o0 A AR BF3, o0 AA FA, w, 19F ] AR I3
7FSA(AHA), W: AA7FEA o &

e LISA (Local Indicators of Spatial Association)

LISA= Moran’ s I& A9 @92 Zfisty =A2 &3 A713#S SAs= AFolH,
th¥2 02 Local Moran’ s [7} AF&-Fth

Table 2.6. Local Clusters and Outliers Based on Standard Deviation.

: Neighboring .
Type Target Region Region Meaning
o Higher than Higher than
ngz}é}ll{)lgh average average High-Value Cluster (Hot Spot)
(+ Ste Dev) (+ Ste Dev)
Low-Low Lower than Lower than
(LL) average average Low-Value Cluster (Cold Spot)
(- Ste Dev) (- Ste Dev)
High-Low Higher than Lower than Outlier ( A high value located among low
(HL) average average values)
(+ Ste Dev) (- Ste Dev)
Low-High Lower than Higher than Outlier ( A low value located among high
LH average average values)
(- Ste Dev) (+ Ste Dev)
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Table 2.7. Climate Extreme indices used in this study.

Index Name

Description

Number of Hot Days

Days with daily maximum temperature = 30C

Number of Heatwave
Days

Days with daily maximum temperature = 33C

Number of Extreme
Hot Days

Days with daily maximum temperature = 35C

Warm Days

Days with daily maximum temperature = 90th percentile of
reference period

Warm Spell Duration
Index

Period = 6 consecutive warm days (TX = 90th percentile)

Summer Days

Day with daily maximum temperature = 25C

Tropical Nights

Day with daily minimum temperature = 25C

Frost Days

Day with daily minimum temperature < 0C

Ice Days

Day with daily maximum temperature < 0C

Max Daily Maximum
Temperature(TXx)

Annual maximum of daily maximum temperature

Min Daily Minimum
Temperature(TNn)

Annual minimum of daily minimum temperature

Diurnal Temperature
Range

Annual mean of daily temperature range(TX-TN)
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3. 243
31 18718 1HAE AAAE A4E 9 1YF AE, FEEY

311 AR8AE AF

ANE GPM 9147 AdBEAzete] Mu HEEE 94 A5 249 PHA oA
43 AFE Age 554 FA0 HelEth FA Axe A%NE Bu FBAF R -
05800 4 ElolEISk A4 BEgE Abolol FF Fo| FBAAIL EAFL vehdnh 17
U Ryl 0.6 mlwrolebs e 1998-20054 717F B9k 914 HolHs A4 #Ee] MBS
oF 34% FTW MY £ YL AvITT ol BFT At HPY B A2 e

FrES 343 (Underestimation) s}l a2 = ]
23 7§k FAA &3] Yehve dHCE, A A A" Ao ds z
(Attenuation)e} ¥ =}® &3 (Beam-filling Effect)ol] 7)1t} dlojg] EXE XA o 7}
T A5 o2 ASOS #H=7e 00 7M7H9$Y GPM ol =4 Yehus

< mef BEgt g S-S AT HE RJSFAY FrEFY fFE & S Ee 9

duglFe FAE HoEH

=2 Ag e FAaFAHLS ASOS #=Fko]l 100mm/dayE Z=3st= T1tol A GPM 9]
B 11 A ol 2 AHA= Aeko] FHsith &, A4S Z&5 7Sy oL ol& $3
AEO] =R 1A ske o] BT ol 9 AAY AFL AP E AR QAS =
AAQ 55 ACelDe] A=A ghe Hstaiwelr] it & AddATh As A5 3 #d vo]
B E4o] w=w, GPM IMERG®} A4 #= o] AT 58 4% A= 74 ZA
< A et APEFS Btk AFE AHY A, ANE AaE oF 18mm/hr FE7HA=
FEAT7E FTVstE, 1 ol F3F AfoAe 543 Zaste #ido] #EET. o
A LdaglEo] S A= Z-$-(Moderate Rain)oll HZ3txo] 9o, AHS Fatsles F
=9 =3 Z-(Extreme Precipitation)ol] thejM = ©A sHo| Astde AFHo=E AFAGH
W, BE A ot FA8(CAPPDS A% A=7t A8as Aol mokAle tixF <
EAS HolBE=E, 4 tlolg 9 A dolte 435 ®Behd Z&(Fusion)o] I3 ot

I8 ARERE BE AAX AH-Ho] 7 w2 ARAST7E #FEHAY ol AAEX A
de Aol /M B A AEVF TR Aot 94 AA(ESE] rrolaE2e AlA)E
nF Zrite 94 5 oY A5 ol FHIONRZE BAE = 23 FolA aig Q14
sgo] Hojuth &, A A7t F4s7] Wi &A1 A FEPOD)C] EHotbA FaATTE A
s Aot AAZY FIFE FE Avl AMdoly HIFL dif=Ee =Asd 75 AlxH
(Mesoscale Convective Systems)< sHFSHTE o]2]dt iR Al2E2 949 A EEE T&
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GPM Satellite vs ASOS Station Precipitation Comparison (1998-2005)

Scatter Plot Time Series - Jeju Station
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Figure 3.1. The statistical results of comparison with GPM IMERG and ASOS rainfall.
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d HordF ARE AMESAT AFH HUEE S AR A AEe A S (Correlation
Coefficient, R), ¥+ A ¥ 2*HRoot Mean Square Error, RMSE), 4 t) 22(Mean Absolute
Error, MAE), Z12]a ®olBias)olth. 2 Ax+= A8 A AR AFH #A, 2429 =7,
a8 A/FHa F8 FEFS Fotste o &8ttt E4AH AFE A ASOS #EF49
d A= CMORPH 914 A 1o #AE =A% A s &4 A3s A4 A59 Hut
d A TdAE WEd] BoEth 4 71711998-2005) F<F AtEE AA GBEATRE
v 948 A AsT A Ao HEsds oF 2678 E AEE F As
omsty, 7|FW3l Ao &S A= FUHE BP0l a3t F£F Aot
2 RMSE(20.23 mm/day)®} MAE(9.16 mm/day) Zte] =}o]e]t}d. RMSEZ}F

MAEETH F v o] A 49 A2 4 Ex7l AH4EXE WEA &1, & 235 7
T TS AARY o= BFolu ArtE HFE e A fAol e

A
Bk AV NS BAMoE sud
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e

A Lo A HlolE ZIEEL 1:1 thZA(One-to-one line) o Zo] W) glow, A=
H Bias Hol(Negative Bias)E H it} o]= CMORPH7} #A|F+%
38mm HAFAE S WERATH o3 HA
A A A A= AAATE OS AsEHe s Bt o9 F Eo, ASOS #= 3
o] 100mm/dayE Z#sl= 55 AtddA A A4Fe giREE 50~100mm/day ol
Z3tE Ags HAFEt A8 AAe #S FA(eF 25km) WA EAstE =4 F
5 F9A AEEE ddolt AlFs
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Figure 3.2. The statistical results of comparison with PERSIANN and ASOS rainfall.
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Figure 3.3 714l Sts(Machine Learning) 719ke] 34 &4 iAol o d &&H+=
Eg 7)u 9aFE(Tree-based Ensemble) R &9 HeS AFHow #AZFsty, 1 A4S A
SHoR EYsts W HHe £0 4 ud 2dS mA(Bagging) ¥4e] tiE FA
Random Forest®} 8 (Boosting) Al¥<] Gradient Boosting Machine (GBM), XGBoost
(eXtreme Gradient Boosting), LightGBMo|th B A& AlFd A 71A F2 A% AFEJ 2A
AR, B Adl SXMAE), Hd AFE 2XHRMSE)S] A2 AAE &5t 243
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A= EH(Train), A Z(Validation), Bl 2~E(Test) vlo] Ao 3 malE AXS FZ3lH, o

€ B3 4 du"gEy JdF Ag=®a ozt AHF(Overfitting AFE, Lukst
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. Train
m Validation
e Test

064

O N
& & & &
& RS

Figure 3.3. Coefficient of determination for machine
learning models by raw satellite precipitation.

AR AFRHE 5% A7 4% H49 HEAS Aoy A93eAE YeEe AR
2, 39 2o HAFEE #osts M FA#FHA Hzolty B AT R® vl ZArHFigure
33 B4 1o stg AolE WEs] HoFrh XGBooste] e H Fwlel aRAY A
XGBoost= HZE H| 9] Ei/ioﬂkl 0.4589] R*%<S 7|28 vlud 5 M & A
Ak ol= 29191 Gradient Boosting(0.408)X.t} <k 12% o]/ ¥dE Fx]o], Random
Forest(0.387)¢} LightGBM(0.383)& =LAl %At} XGBooste} #& H~H %_L
7b AdstA] 23 zaHResidua)ES ©He Egyt &xpzo=® Shgdle w2 (Sequential
Ensemble)S #3}7] wjiLo] =do] Hak(Bias)S 7)Ao 2 ZFoFm, @erm o= HolEY H
3 nA4g 98-S Random Forest®th o FuwstA 228 4= A o R FX9 ol&=
XGBoost7} dlo]E We] A& (Signa)s 7Hd axxo g —%—%?}R%% A A}gkeh. XGBoost7} 7]1&
Gradient Boosting®th %<& A%(0.458 vs 0.408)% H<l A goo AHysid RAE
(Regularized Boosting) 71'Hell 2t} XGBoost= &2 4ol Ll(Lasso) ¥ L2(Ridge) A3t 3
S Z3ste] mdol 7kEA7F AUAA AAE AS WA o= FH HolHA W3 A=

g A3E AAFHEAME HAE HolHolA =2 AWE S fAA st 2AHF ade=z %
&3ttt E4-8H~E AxHGeneralization Gap)e} H}Ag EA I zoA B2EE = FH(Train)
Aok Bl 2=E(Test) A 1] Axte 29 AAF AHE Adste a3 GAE Z85
=4l XGBoost= &4 dlolE oA 0.60] Y& m$ E& RPE 7|23 oY, H2AEAE= 0.458
2 stk ol#idt & Axls duty oz A3 AFE FAE F 9o HRE 7‘*-’?

ZHA7F B 2l iH] 7B w=ve e aEsiof . ol XGBoost7h w2 EY HFE



Hgto 2 9 ol dHsS FAHo=R G on, I HAAA dFE o|=7tA] g5dl
Lo = BEFsta Gukst Ao AU GA ToSHSS on|dit. &, AL ol R=
L g sHORE FXMst= Aol Efgsitt

Random Forest 94| & H(0.58)¢} H|~E H0.387) 7+2] =}o]7} &3t} Random

Forest+ ¥} 7 (Bagging) ®2]& %3] E4HVariance)S Zol& © E3lxo] ¢lo] #}Agte] 73}
= o227 EAox Bsla, HAE Aso] B2 ARt @A yelyt o]+ Random
Forest7} 71 Egl9 HIFBias)S E°l= ]Oﬂ‘* SHAIZE ASE BoFET &, dolH AATL
=S HdEAEE Wx Aol WAoo 2= HA o Ao =R X3 AH o 7HsA
o] =t A% WU EAFToNA 7 999 A= LightGBMe] 0.383e.2 714 e R*E
7158 Holth. dnkz o= LightGBM XGBoostet tisstAY B Y& dsS Ho|HA
T &5 Ao 2 4#A kg LightGBME &= F4l(Leaf-wise) Eg] £3 w2
= AHESt] S WEA ZolX|RE, o] dHolE F7F AAY Zo](Depth) A7t HA &
7 o A%o] 714 A UL Row AdHY B AFe 9
olE] R*7} <F 045 FFo2 B 2d v A FAE AL B u, LightGBME 4 Holg

Els Z3H(Underfitting) ZJefolAY, ZF2  stol ey
(num_leaves, max_depth) Fdo] alE vlo]ejAle] S gtA HASIE A ks 7HsAol &
Ao g Helth E3] folgAle =r|7t F83 A gthd Leaf-wise )& Level-wise "
21(XGBoost) Bt} EQHgst A% & =g 4 ot

[
l‘>

RMSE 18] oA XGBoost= 20 vw|The] £X]& 7|&stH, B Z2(EF 20.7 ©]4) diy]
folmsg *e 232 Ry}l o]l= XGBooste] EAH 47} 23 ulE(Hessian) HHE &
st HAsE Fdst7] WEolth. Ay LAE Hastsles WFHOE o] JPHEE, oF
ol AAgkAA A Bloues iy A& At o 843 4% YEWr] "ot
Az oz XGBooste= ol 59 FEA SHAA 7+ ’\‘ﬂﬂ T %1% EL%‘%‘% AS3Hot
Random Forest= 21.147¢] &2 RMSEE 7|&E3dt} ol 3
AR S F=AR 1 Egrt Hete 2 AleES F2AETE AustA BASHA XEe Al

AbgcHFigure 3.4).
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Figure 3.4. Root Mean Square Error of machine learning
models for rainfall product.

MAEE 298] Auigts B+ W Zo =, oA o] @ vzt HAA] 2219 FY#

S Yyelhdth. MAE A oA Gradient Boosting (5.655)°] XGBoost (5.66)X.t} w]Al3}A
AAAY 53 BG5S Btk o]= Gradient Boostinge] ©]AX(RMSEe] 43S F= Q4)
2 2= 5¥e XGBoostRth Hox A THRMSE 20.788 vs 19.9), ththe] tlo]E] EAES]
A= w- AT 5SS Fh} ASS o v FrhFigure 3.5).
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B Validation 56
| Test

‘b°°¢ <<°&é ‘ba"éa ) c.éx@“s

S
N
L e@b

Figure 3.5. The MAE value for rainfall from the machine
learning models.
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XGBoosti= ©J¥l EAoA F& AE5S YAtk RS 0
2doA 53] olzxrt B g HolEAddAE Hlwz F
XGBoost®] Level-wise Ez] A% W& EZY 43S FAS
LightGBM2] Leaf-wise ®2]®t} #-& glolgAlojy} o]z y} e b S|
d5< HQlth learning rate?} gammas} 22 IEtr|E7F Ao A HAHE gAE BHHO
2 =g Zlog Addn T4 oy Ao HAE H Axpr) 7 aves A2 o
3] ZAAsoF 3}t ol= ¥FF max_depth® Zo]AY subsample Bl &S EFE 219 F7139l
sto]HIen|E FYS Tl W3t HAeS U EAELEE AXVE UdFS YERATL Gradient
BoostingS A 13k glolBelg]el Scikit-learne] 7]E GBMO.E o] malle MAECIA 19, R?ol
A 295 71ESH e A Hee HAFUAT o] REde 7|22 A" dgutorn
Random Foreste] #H}7] wW2al& <=3ty o= dolErl HEBias)S Fole Aol EA
(Variance)s €°lv= 2B ¥ 8% 7245 ¢ Aok 284 Aqts FA 1 v 7]
who] HA3tZ Qs RMSEolAE XGBoostell A&=rl "ojzth 18y F3 dhaA tiv
A5 B&L v Hojuth

Random Forest& QA Z o} AHAWUE REz oz HAE Az R? 03872 A
Al Aol MEFth Random Forest dlolB 9] Aol &AW 343 739,
7F WS BFE A BE ﬁl“EE} dso]l oA Aol Ut JE E
stegnz A4Exg E4 goly TAES uA3 HHe HLsHA
He w}ap}x] 23k 18]y Random Forest:= 3lo]¥ atetu| g Hy
Y Aoz fFH37] fiEo] E dAFNME FHote AHee Hilon, JJr;—%J A=z
Fidoz Ars HolA ko] SFEHE BdoAs 3] FEIT=

EE o m&
xfy
Oll
i
8/~

—Q—E

LighthtGBM2 £ 2golAd 713 e A5(R® 0383, RMSE 21.213)S JeR)ATh
LightGBM-& th& & wlolElAloll Al XGBoostet 53t A%< YHA £5= AR w2 Aol 1
#HZ Y wlolElMe] A717F 2HS ¢ Leaf-wise AAL #AS sy due & F 3
o B A7t AFE AGuE ez a7 Wil delE 6-3— 7 e 4 golA
= Ao A= E‘r?— ANRE HAE T US Aot & AFol4= LightGBMeo] d
o] 9] rolzo ¥l RrEHFAY, N2 FH A7} FE3 egs}x] %ﬂg 7].1:HQ 2o

55t e ZoE dadEn. FF AFoA = XGBooste fﬁ% 2} Eﬂ./::t‘_: éﬂi}-‘ﬂ
a5 #o]7] 18] gamma, alpha, lambda®} & FeprHE AT FaAdo] JowH,
XGBooste} Gradient Boostinge] ¢l& 237l 45 RAHYL 7Hs4 0] wl, ¥+

o =ztS 715 W (Weighted Averaging)st= 2B 7 (Stacking)7| & =430 H B =&
59 RY Aow Bydn)
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Correlation Coefficient (R) Comparison

1.0

0.645
0-0 I

&
Figure 3.6. Correlation coefficient comparison with satellite precipitation estimation
and rainfall of machine learning models.

o o o
-8 (7] co

Correlation Coefficient (R)

o
(N}

A&= Figure 3.69] A#A4=(Correlation Coefficient, R) Hlal 2FE<} Figure 3.72] 23}
(RMSE, MAE) Rlw XEE 92 oA 74 4F&E(GPM, PERSIANN, CMORPH, CHIRPS) 72
A AzE BHE3sA BHoFEg. 2 aAE2ES 169 AN 23 dudEe AMEs] wE
of, 2zate] e I Al =g AolsiAl vEerdth. 4 A3, GPM IMERGE 7844 R =
0.645, RMSE = 28.5 mm, MAE = 7.1 mm®] %<& 7|53ttt ol vlaw % CHRPSS 37

l

7 =S ABATE HolH, ZFo Al slydS @A 5k 5 ¥ (Probability of Detection)
o] & /\l/\}dq a8 FAlel %2 RMSE & A=Y A =27 FAd Ao

A o2k, 53 HulFA 4o A"—E« ¢kA)Etl, GPM IMERGE 7|2 Ao 2 nlo]mzu}
(PMW) AlAe] o257} 2o dueEe AHEITL PMW AAE 78 Ui slirgo} o

S YAl 93k AFeH(Scattering) E WFE(Emission) A& S AFH 7AE7] wj&Eo, & Zo7)
2ERHS S48k HYHAR) AAMEY EEHo =z et ¢ X‘%ﬂ’“‘ﬂ AH#AEE 7RI o=
18 GPM2 7 24 F75 #dste d o B AEE dv 7% d5S Bl 1¥
o= B3t 285 mmatE S RMSEZF 2HAstE F9 HY<le o F4(Overestimation) 7
& dEoltt. 53] W& A9 A5d dFAd A(Convective Rain) A, A+ Akl o7 7
g A AT E QAo FEdHA SNt AARG Be FFHE 4ESE A9 gn =
g A Y Xt A E0.1%) WA A4 A= &< dGub-pixel inhomogeneity) 0.2 <13]

WA= Beam-filling error’ GA 2315 FZA|7]= Qo7 283t}

CHIRPS= R = 0.64582 GPM¥} U3 FFo & AWAHES BEom, RMSE = 27.8



mmz Y& A FEE T P Ee 2AE 7S5 ol CHIRPSZE 914 71WF H 4
t o] E{(Cold Cloud Duration)e} #7132l x4 #= 7] FZH(CHPclim), 183l o8& 7}t A4
#2244 dHolHE A¥Blending)ste] MAH A Folr] wWEolth A BZ4 oyt ¢ae
o B&=o A7) wWiEel, 9148 @5 2EE(GPM, CMORPH 5ol vl 32| (Bias)7t B8 =]
o] Yeht= Aol dnh ol RMSEZ}F B 4=E oiH] iAoz A 49 A27.8
mm vs 31.1 mm for PERSIANN®} ¥ Xttt 121} CHIRPSE 2 e)A AlA o IA o&E3}7)
o Zoll, A&-&(Cumulonimbus)® 2ol & B3H7F wjg A7te Afole Ards & 3
kAR, 75 BRI A og mEg F2¥ Ae(Stratiform Rainy wEegh Bl(Warm
Rain)ell thsiA<= ®A s#ol Hojxity = a7t &g AYeAs $4 Heoly
o] 7FFAZF wokA a7t gAl STekE < Btk AlFd Aiox GPMI} FU3 R
e B AL, B4 Y AYY A #3545 A 540] CHRPSY B4 8345 5
tetstA] XAAY, w2 GPMe| wlola=v & 5o CHIRPSS| A7¢ 24 axisg 7
H3l5S UEdith

o

RMSE and MAE Comparison
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Figure 3.7. THe RMSE and MAE comparion with satellite precipitation
estimation and rainfall by machine learning models.

CMORPHE R = 0.594, RMSE = 30.7 mm, MAE = 7.4 mm¢ A%< Btk o= GPMo]
o]t}. CMORPHE AAE 949 v}

olAEd ZFg FAAE AAAER XY ALdd FPA F=TF 75 ols =HE(Cloud
Motion Vector)& wz} o]&(MorphingAl7l= Wal& AFE3t) o] ¥4l nlo]lazs #= F
NS W o aRFo|AT, FE59 olEd A AlxHe] WE/AE A o] XA FE
i & A5 S F Aok 53] A Alz=Ho] WMEA AAHAY AEee A9, BEE o
TEFL ol AANTLE WYFstA| XKotal ©es] b d9ES ol 5AI7I 7N tRE, 7o
AAY Efol™ol A 27t dAYgith REko] 0.6 njRto @ Hojzl AL o]#H3g A3 EYA|7}
AAY 7hsAdol Atk 3, CMORPHE 7% ZA=7F oFgh A 9ol thaliAd= Hlaz] 4 &shA]



W, =7 A APl thel M= 2R rkeke Aol ol RMSEE S7HA7I= &/l Eth

PERSIANN R = 0.507, RMSE = 31.1 mm, MAE = 8.8 mmZ 47}#] 4t&E F 718 A

BN

3 Aes 7123 E3) ABASIT 05 FFo HEHTE A2 PERSIANNG] Z<4=9] vjj&
S AWste b o] Hee EFEEE WEs L SS9 gth. PERSIANNS —zri e
(R) ¥7] 259 JAFAARE ol &3te A5 FAIY EAe A7He 752 B2 49 %
FTEHS FHete 718 7Pl 3 A-EA Fevde Helth £ 159 A(Cirrus)S &
T} u$ Bxuk u2 Yex gon, g o &g 2o enyl =xu go HZ
g 4 o ol#g E8F #AAS 2EAo] PERSIANNG e &@x&3 £ 932 e
yal ok Adzg Aoy a4k Aol s A xS BAIGeY = Wl AFe] Ao Al
Aol o8l FESE JAHE A-¢7F Wol False Alarme] S7hstH, ol HAAQ Fg=s

é
_ﬂ
iy
!
QL

A 914 dlolE 9 AE FEst A AUl EY & ArHY
3] 2% 7]1A8< =d(Random Forest, XGBoost)& A2 =
ARSTS HAET ol 71AgEe] 914 dlolg e nidy
A EAE ¢ des A% 2 A7 Z3elAd  Random
.846, RMSE = 18.5 mm, MAE = 6.0 mmE 7]|&3s}9, ¥ Holg % Hln
Utﬁ(XGBoost):% BEo M S %S 2SS dA A dHoly FollA M dE

o] 43w GPM/CHIRPS(0.645) thul oF 31% A% 0.846< 7] E8t%Th ol RF wmdo]
ol AzZHE WEAY FHE BX 9Es AA #=ghel ule ZHSHA 2ot 3l
ulgtty, Random Forest= o9l  oJAPEAHUF-(Decision Tree)s A3t ol& 3

(Averaging)st] o 53}= o“& 7ot o] #HAolA ME Y (Tree)Ee] 7t F e =
A (Overfitting) Y@ o] 4=, dole 9] 3ol robustah A= SAd0] Aok A48 45 dol

fo ™ ox
2

-

(
-

filo
® e e 0>'~ 0

e A4 23}, o7 JJr 507 ols) #FSo] @& HolE(Noisy Data)ol] £3h+=t], RFe &
b 7Z¥2(Variance Reduction) &7} o]2]dt dlolg] EA 2 grolwolx 714 QA H o)1 =
& e W Ao FHAHTY E3] Figure 3.7914 RF7} 713 & RMSES RSl A& & o
A5 AAlstE sHo] §ETS AAERH

XGBoost+= R = 0.819, RMSE = 19.9 mm, MAE = 6.5 mmE 7] &3}, RFol| o]o] <3k
dee Btk BlE B A7 EA dHolHAMA = RFES &3 92 53 B0, ¥4
#1744 doly tin] 25 Wik A% /iAol AT XGBoost= o] A S vrE ®RE 4

(ResiduaDE o @A19] UF7E <2802 shgste] BAst= R ' (Boosting) ®4loltt. o]
T 229 HAYBia)g =°lv dH ul¢ EfFHo|th. InkE] Fd ATolA = XGBoost”F RF
B 73 Ao Hole ZA97F B ol XGBoost7l 74 A o%“i}(Gradlent Descent)3} A
T3HRegularization) &< Abg3ste] HZS vy AAE ¥ AHusA EAHSHr] wjZolth
Jeyg B Ao A RE7F O sk UEhd ol 7 7HAE FENE 7 Aok A o]
ol o|z7} FA4% A9, F28 Ad 2d xo|z271A RE3HA g<5(Overfitting)ste] &

3 YWk Aso] "old 4 ¢tk ¥ RFE #] 74(Bagging)S %3] wo|2E HEkslsing
o F8g 4 Ao XGBoost:= 8ty E(Learning Rate), E¥] Zo|, A3l detug So =%
stk HA ol Fdo] o] FAAA FRs A, 71E AAHDefauld N E ZE3 HA5s W

1o

N
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= RE7F & ¢ U2 AH5S d & Jddg. O2de = B3

XGBoost Al A A4 BHA .

U &% dolg Ay £% WA= XGBoost7} RFRTH Fglste =, 2AAZF &4
A

= Mdle B 2 29 Adeo] @ 4 S AoltkTable 3.1).

i

Table 3.1. The results of a statistical analysis from rainfall of machine learning models and
satellite precipitation products.

Product Type R RMSE(mm) MAE(mm)
Random Forest  machin learning 0.846 18.5 6.0
XGBoost machin learning 0.819 19.9 6.5
GPM satellite rainfall 0.645 28.5 7.1
CHIRPS satellite rainfall 0.645 27.8 7.2
CMORPH satellite rainfall 0.594 30.7 7.4
PERSIANN satellite rainfall 0.507 31.1 8.8

GPM, CMORPH, PERSIANN, CHIRPS & Al 914 ©lo]EelA RMSE¢} MAES] Ax}7} &
AL, olg Bdo| R ¢ AT #gs WtsE 15 £5 A dAHAG JAHIE 54HA
U, A 2 AAE FX=Miss) 59 thE exkE Wt deS AARRY. 53] Abg o]
El= '0'0] we(Zero-inflated) EAF 2E8Z 07 71 mgE 71 (Right-skewed) EEE 71A =
2, oly% ddo] 8 F=HAY. RF2 XGBoostE A3 S wl, MAEE ¢ 7~8 mmolA] 6
mm FFoZ 20~30% #A4%H ¥E, RMSE+= ¢F 30 mmol Al 18~20 mm +F2o.2 30~40% 74
st &, ZIAISH: 2L Ot HAR] LAE Fole AR oty SXE F0]

g

=1
h T
Agts 2do] 49 f5F ¥ (Classification) 58 &
%!

AFe A9y 22 B33 AFoAes A A5 EEe AGLr 5438 "otk
wolu dgo® Yol AxHLE vo|az2u A 25 E wTdAA GPM Fo| FTE HAa%7}
Al HEAY, AEH e 257t HojA Ao o FEOZ 2Ql= o] PERSIANNO] I}
A HEV|= o) 71A Sy 22(53] XGBoost)e i %(Elevation), 4 AF=(Slope) 52
Ay WFE gt} o)He NYH AHoE BA T F vt AT AFoA ZASE Tde
deo] 253 =L olfe olET XA ox ajle AHHoR HAJYY HEL AL
AoEth A B A A wet gdz2A yeld & ok dubg oz oEee A
o] @ol RMSEZ}F Az o g AX= Aol oy, A ddo] Faeto JAATFRE =

Gehdth W Adels wAS gy 24 98] ouls 949 @1 &PoD)e]
= %

dmorlr o X o i 1o
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2 B A 74 4AFE=E(CHIRPS, CMORPH, PERSIANN,
° < AEE BRon, 7 4AEEe AA B4 &
A W E S YeERdth GPM3 CHIRPSE 94 4t&&E 15
T 2do HFAAFR7F 0.645%2 FL3A YEH
Itk GPMe RMSE 28.495 mm/day, MAE=7.068 mm/dayE 7] =3ttt GPME &)
A= 3 (Active/Passive Microwave) AAE FAste] 75 WFe 2o A& 2AH #3F +
AE TS 25 Yk ol I3 A EEF FERE Fotdste vY2 B A4 AEE
b 7bg -3k, o] CHIRPS®} 5% &2 #A4[R=0.645Z Yelgtt. 12y GPM
IMERG 4t&=2 533 A Fo|u slbrtal Al wlo] g Az o] AxH WEE(Emissivity) &
3| g W
o]

a= <
A7F WA F Atk E=H, ANE 4 PR T2 3FE w9 98 A9

Mo=g ols &
A deolHE &3 E¥Morphing) 71"H-& AH&3t=dl, o] HA A LGS BG4l RMSE
E o4& EFolv ddo] HYS Ao=E A"

CHIRPS+= RMSE=27.835 mm/day, MAE=7.196 mm/dayS 7|23} 94 A&E ZF 713 v
2 S 2HRMSE 71)E HYth CHRRPSE HLXAR) 9148 AHEA A7t A #F4 7%
tolHE A AHEEo|th 1ﬂ%d A4 #5 A5t §FL A48 #Fo] VA= A =HH
HolE Zol& ol 2N IS sidon, Axpyg o= GPMET w2 RMSEE 243t= &
Aol HAeAcE AdHEAT A% gl CHRPSE HIoE7F tha HA e FHE Ho)
=), ol A #ZA7F B Yoy g @9 Daily) o3ty @] A4 HEAHs EZs)
+ ol AH3] AVE oS BAFH. 53] HHd AlA 7|dto]7] Wi 75 dd &%
7F e a7k FEO dalAe AFE A gAEAN 23 A9 g gXEe "old &
ATH

CMORPHE= R=0.594, RMSE=30.661 mm/day, MAE=7.352 mm/dayE 7]&3le] 3t FF9
45 Bt CMORPHE wholazs 74 FAXE AAAS 9489 AL onAZRH
FE 7E ol WMHE wE ol s MorphingAl 7l WS AREST o] WAl g Al AE
o] FA olFE& EAlstE dlole AAH oA, 94 #F Aol Az FF g Al2Hlo]
sty A" (Evolution/Decay)dteE 8-S REFetA] X3+ 723 FAE Adoh 4AHA
SolA #HSgk tivl HFAFAeE Aol YEUET, ol A Azl 4% dEs o
FA Zal Ha ArFsE A= Q4 #Ho] A& ZoE olFHnt EZ, Wk vl(Warm
rain)e} #Zo] wpolma =2} AA7E A 7] oAH& e FF dsiAe 84 Ayt Bt
FAAFE GFE 2902 He3t

PERSIANN-2 R=0.507, RMSE=31.147 mm/day, MAE=8.785 mm/day= &4 i & 7}¢ &
< A%< 7IS3AT PERSIANNS F= AAAE 2489 MR B
Temperature)$t 2% o] NI #AE dFNARO R xdte] g FAHIT 1
U TEol AteSE Feel e URA Ao B wAw, 33 A9y 2 gl
= Zggo] "ol 2 E B4 Az}, dolee] E4HScattering)o] vj$ A3, 53] Y& u

Z He FoFE%S FaFHse el Al E’%ol ?ﬂr% . =& ?L%(Cirms)% &
=k dAs= A FAFalse Alarm)#, & FElA Wele HlE ZAEHA
T Ha& FAo| BIAHo R A85ke] RMSESH MAES zml 7HE A th(Figure 3.8).
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Figure 3.8. The scatterplot of raw satellite rainfall and observed station rainfall.

B oAgoA A&d F 7}A 7]ASs: =99l Random Forest(RF)2F XGBoost(XGB)E 7]
Eo 94 A AFEE UP] A=A A FAE AUSES ¢ T UAT o= A4 TiolH
7 A= BlAdE A ox F2E JIAISE daglEe] adF o R st RASASS W
Ebdith Random Forest =dl& £ Ao Hln BAA 71 53 o= Hs5s 7S5
o ARHE B4 A3, 3= Aoy 29 et AaATR)E 084602, vl EH*OL Aok
g = 7 e Ag #AE YelhdokFigure 3.9). =3 exto] Z7]E e = RMSEE
18.456 mm/day® 7}F& w@kow, MAE 9 A] 5997 mm/day® HAXE 7|28}, Xd‘%‘lx—*.‘ﬂ s

T FAH Aol AUx =& AxE HYrh Random Foreste] o]# 3 ¢35k A% Hj
e 549

9}
7d(Bagging) 2o & stE Tz ZIdgdth v YAE A U F-(Decision Tree
Ao ®w SkFA7IAL 1 W sH(Averaging) gt 24, /E Eg7t 71 4 = HEFHBias)
7 BEAK(Variance)S& &Aooz Aottt E3 A4 dlolEH9 o] xol=ryf @i o]AX
(Outlier)7} QI g dlo]E{ Ao A RFe] st WAYEZS Zdo dutst A58 Fusstd,
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AMZE dolHd taiAE AR g3 A4Este v 7|43 A2 AddEn, RFRR 9
AREE Il gAAdE FHCE Holy EZRJAESC] w$ dXE FEHE Bt ol AAE
ZeRE 1ZE A A T AA 5o dHAde]l fFAHIL S Yr|dt. 53
AR AEEAA &3] YEUeE AiFAoly e AFd w A4 FA4 g"Ho] JATgES
E3) dAA3 Aol RAEJAT. RMSEZ} 18.456 mm/daya‘r%f AL dd A d3dd o
HaAOoFE oF 18mm Wele i HIAE 7Iges AL Yu|siH, ol FEdE 2dE 9
dg A5 =2 &Eslr]o FE3] FYrF AS=E sfHT

XGBoost @2 R=0.819, RMSE=19.856 mm/day, MAE=6.454 mm/dayE ~]%3}™ Random
Forestol] o]o] & WAZ 43 dese BAAT A Zo|7t YA &t HE 2 79 T
oAl A= RF div] tha W& é% g BPoH, 7|& A AEEEF vluds e

=3 o AHAITS x}a‘rffh:} XGBoost= oA ©@Ae] ET7} o =354 E3F zExHResidual)
2 £x2 o7 et o2 ZouyrtsE B 2" (Boosting) WS A E T o] WH]e Ak
Ao 2 HEBias)S =°lv ©l L3 s LIS, Z5 dolHe FidH vATAEES
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Figure 3.11. Daily Temperature Time Series for Selected Meteorological Stations in
Jeju Island (2020-2024).
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Figure 3.12. Daily Precipitation Time Series for Selected Meteorological Stations in
Jeju Island (2020-2024).
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Figure 3.15. Monthly Mean Temperature Distribution (2020-2024) Estimated by OK Model.
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Figure 3.17. Annual Mean Temperature Distribution in
Jeju Island (2020-2024) Estimated by OK Model.

Table 3.2. Annual Validation Metrics for Temperature Interpolation
(2020-2024) Estimated by OK Model.

Year RMSE(TC) MAE(TC) R?
2020 1.62 131 0.959
2021 1.65 1.33 0.962
2022 1.73 1.39 0.964
2023 1.73 1.40 0.960
2024 171 1.40 0.961
Average 1.69 1.37 0.961

Monthly Average Validation Metrics (OK) (2020-2024)
25 1.00

RMSE (°C)

Month

Figure 3.18. Monthly Temperature Validation Metrics
(OK Model, 2020-2024).
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Figure 3.19. Monthly Cumulative Precipitation Distribution (2020-2024) Estimated by OK
Model.
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Figure 3.20. Seasonal Cumulative Precipitation Distribution in Jeju
Island (2020-2024) Estimated by OK Model.
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Figure  3.2L Annual  Cumulative  Precipitation
Distribution in Jeju Island (2020-2024) Estimated by OK
Model.
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Table 3.3. Annual Validation Metrics for Precipitation Interpolation
(2020-2024) Estimated by OK Model.

Year RMSE (mm) MAE (mm) R?
2020 15.76 5.88 0.866
2021 13.63 5.81 0.807
2022 12.33 4.35 0.870
2023 14.22 5.53 0.794
2024 13.92 5.26 0.837
Average 13.97 5.37 0.835

Monthly Average Validation Metrics (OK) (2020-2024)

R? Score

0.6

r0.5

Month

Figure 3.22. Monthly Precipitation Validation Metrics
(OK Model, 2020-2024).
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Figure 3.23. Mean Temperature Distribution in Jeju
Island (2020-2024) Estimated by IDW Model.

Table 3.4. Annual Validation Metrics for Temperature Interpolation
(2020-2024) Estimated by IDW Model.

Year RMSE(C) MAE(TC) R?
2020 2.07 1.49 0.948
2021 2.10 1.51 0.952
2022 2.17 1.58 0.955
2023 2.17 1.58 0.949
2024 2.19 1.59 0.949
Average 2.14 1.55 0.951
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Monthly Average Validation Metrics (IDW) (2020-2024)
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Figure 3.24. Monthly Temperature Validation Metrics
(IDW Model, 2020-2024).
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Annual Accumulated Precipitation (2020-2024) * IDW
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Figure  3.25. Annual  Cumulative  Precipitation
Distribution in Jeju Island (2020-2024) Estimated by
IDW Model.

Table 3.5. Annual Validation Metrics for Precipitation Interpolation
(2020-2024) Estimated by IDW Model.

Year RMSE(mm) MAE(mm) R?
2020 16.72 5.63 0.871
2021 13.49 545 0.825
2022 14.73 4.29 0.835
2023 14.09 5.18 0.813
2024 15.08 483 0.821
Average 14.82 5.08 0.833

Monthly Average Validation Metrics (IDW) (2020-2024)
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Figure 3.26. Monthly Precipitation Validation Metrics
(IDW Model, 2020-2024).

3.2.2.3. Cubic Spline Interpolation (CSD 71§ A&
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Figure 3.27. Mean Temperature Distribution in Jeju
Island (2020-2024) Estimated by CSI Model.
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Table 3.6. Annual Validation Metrics for Temperature Interpolation
(2020-2024) Estimated by CSI Model.

Year RMSE(C) MAE(TC) R?
2020 1.28 0.91 0.976
2021 1.26 0.92 0.979
2022 1.37 1.00 0.979
2023 1.40 0.99 0.976
2024 1.37 0.94 0.978
Average 133 0.95 0.978

Monthly Average Validation Metrics (CSI) (2020-2024)
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Figure 3.28. Monthly Temperature Validation Metrics
(CSI Model, 2020-2024).
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Figure  3.29. Annual  Cumulative  Precipitation
Distribution in Jeju Island (2020-2024) Estimated by CSI
Model

Table 3.7. Annual Validation Metrics for Precipitation Interpolation
(2020-2024) Estimated by CSI Model.

Year RMSE (mm) MAE (mm) R?
2020 12.42 4.31 0.921
2021 11.53 432 0.868
2022 11.54 3.29 0.891
2023 12.93 4.56 0.840
2024 11.17 3.68 0.896
Average 11.92 4.03 0.883

Monthly Average Validation Metrics (CSI) (2020-2024)

Month

Figure 3.30. Monthly Precipitation Validation Metrics
(CSI Model, 2020-2024).
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Figure 3.31. Mean Temperature Distribution in Jeju
Island (2020-2024) Estimated by OCOK Model.

Table 3.8. Annual Validation Metrics for Temperature Interpolation
(2020-2024) Estimated by OCOK Model.

Year RMSE () MAE (C) R?
2020 1.07 0.83 0.982
2021 1.06 0.82 0.984
2022 1.13 0.87 0.984
2023 1.17 0.90 0.981
2024 1.16 0.89 0.982
Average 1.12 0.86 0.982
Monthly Average Validation Metrics (OCOK) (2020-2024)
1.000
" 0.975
124 bom0
~ 1.0 092
2; 0e 0.900 §
% 0s 0.875 ¢
0.4 G
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Figure 3.32. Monthly Temperature Validation Metrics

(OCOK Model, 2020-2024).
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Figure  3.37. Annual  Cumulative  Precipitation
Distribution in Jeju Island (2020-2024) Estimated by
OCOK Model.
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Table 3.9. Annual Validation Metrics for Precipitation Interpolation
(2020-2024) Estimated by OCOK Model.

Year RMSE (mm) MAE (mm) R?
2020 12.13 4.77 0.920
2021 11.86 4.90 0.853
2022 11.81 3.71 0.880
2023 11.71 4.60 0.860
2024 11.74 4.30 0.883
Average 11.85 4.46 0.879

Monthly Average Validation Metrics (OCOK) (2020-2024)
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Figure 3.38. Monthly Precipitation Validation Metrics
(OCOK Model, 2020-2024).
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Figure 3.39. LOOCV RMSE Map of the Figure 3.40. LOOCV R? Map of the OCOK
OCOK Precipitation Model. Precipitation Model.
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s Per-station RMSE by elevation band (OCOK_cv) 156 Per-station R2 by elevation band (OCOK_cv)
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Figure 3.41. RMSE by Elevation Band (OCOK Figure 3.42. R2 by Elevation Band (OCOK
Precipitation Mode)). Precipitation Model).
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Figure 3.43. Mean Temperature Distribution in Jeju
Island (2020-2024) Estimated by SCOK Model.
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Table 3.10. Annual Validation Metrics for Temperature Interpolation
(2020-2024) Estimated by SCOK Model.

Year RMSE () MAE () R?
2020 1.26 1.00 0.975
2021 1.25 1.00 0.977
2022 1.34 1.06 0.978
2023 1.37 1.08 0.974
2024 1.35 1.08 0.975
Average 1.32 1.04 0.976

Monthly Average Validation Metrics (SCOK) (2020-2024)
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Figure 3.44. Monthly Temperature Validation Metrics
(SCOK Model, 2020-2024).
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Figure 3.45. LOOCV RMSE Map of the Figure 3.46. LOOCV R? Map of the SCOK
SCOK Temperature Model. Temperature Model.
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Annual Accumulated Precipitation (2020-2024) « SCOK
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Figure  3.49. Annual  Cumulative  Precipitation
Distribution in Jeju Island (2020-2024) Estimated by
SCOK Model.
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Table 3.11. Annual Validation Metrics for Precipitation Interpolation
(2020-2024) Estimated by SCOK Model.

Year RMSE (mm) MAE (mm) R?
2020 12.92 5.05 0.910
2021 12.11 5.13 0.847
2022 12.08 3.88 0.875
2023 11.99 478 0.853
2024 12.09 449 0.876
Average 12.24 467 0.872
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Monthly Average Validation Metrics (SCOK) (2020-2024)
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Figure 3.50. Monthly Precipitation Validation Metrics
(SCOK Model, 2020-2024).
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Figure 3.52. LOOCV R?* Map of the SCOK
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Figure 3.53. RMSE by Elevation Band (SCOK Figure 3.54. R2 by Elevation Band (SCOK
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Figure 3.55. Mean Temperature Distribution in Jeju
Island (2020-2024) Estimated by UCOK Model.
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Table 3.12. Annual Validation Metrics for Temperature Interpolation
(2020-2024) Estimated by UCOK Model.

Year RMSE () MAE () R?
2020 0.84 0.63 0.989
2021 0.81 0.60 0.991
2022 0.94 0.70 0.989
2023 0.96 0.71 0.987
2024 0.91 0.66 0.989
Average 0.89 0.66 0.989

Monthly Average Validation Metrics (UCOK) (2020-2024)
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Figure 3.56. Monthly Temperature Validation Metrics
(UCOK Model, 2020-2024).
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UCOK Temperature Model. Temperature Model.
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Table 3.13. Annual Validation Metrics for Precipitation Interpolation

(2020-2024) Estimated by UCOK Model.
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Figure 3.62. Monthly Precipitation Validation Metrics

(UCOK Model, 2020-2024).
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Figure 3.63. LOOCV RMSE Map of the
UCOK Precipitation Model.
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Figure 3.64. LOOCV R® Map of the UCOK
Precipitation Model.
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Jeju K-means zones (k=3, TEMP)
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Figure 3.67. Spatial Classification of Temperature Zones
in Jeju Island using K-means Clustering.
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Figure 3.68. Spatial Classification of Precipitation Zones
in Jeju Island using K-means Clustering.
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Universal Cokriging (UCOK) 7o 2 Aj4kd 2020~2024d 34 =(1km) 71 2 F4 4
b A5E F&5t, AFE 7FY FH FFH WHE EEE s 4 HHoEE
EOF(Empirical Orthogonal Function) 7|¥<S 2833 th. EOF 42 AlFtd oz st 7]
Z HlolH e S F4dte] A WEsAHES 7P F AWsie 49 =94 S "

(Mode)?} o] ti-g-3t= AIAEPC Score)e FZ3t= FA .
BH A 72 A5 g8 44 £F3tE F33 F PCA 7]8ke] EOF
Asted 249 3701 R E(EOF1, EOF2, EOF3)E =239 thFigure 3.59).

712 A= gk EOF #4 A3, AFE9 7|2 WHEed 159 AP 3o mgf A
2 O A 7HA F8 gdHez FEFHIATH

A1EZE= Mode 1): 2Fe} FA419] Aujz AAA

AIREE A 71 HEY 7H & vl5S Adgsts A ddoz, ATz AA
2 7] Aol S depitolg= 15“—4. agle] Ad3td 7|2 Fx2E Uit IHF e
2 et A9 aA oA EOF Al7E 78 A vehua st AANE d5-5
ol s £ E Holed, ol IAWIE AAHEY B 7| RO EREY ojgF, S
‘A" W E(Seasonal Amplitude)’ o] @A A= AL gu|dth. AIZHE sfEPCD A
v AFH A3 FHe @S, ASHA AT SO #FE B, IAYI}E AEelE=
O ZA 7tEE3 ALddle O A dadEe Akt F4lo A3 Ad HEA’ o Al
T 7129 M FH SAYES AARH

L A2RE (Mode 2: AT} S 7ke] AMA L% Tz
A2mEE Jlee] ARAQ 3 RLRTHE, AFE WY ARG
AR Aol L% o]’ 7b AZEE o BA WekHEAES MPste Aotk T
Elol A ghepat FuRel ek Aol N wl REE JhA TR 2 o T
ol BRItk PC2 AAGL B3} 7hg AololA BRIl GAHE AFS Holed,
o BAE AL /HeHE S Aol JRHOT o mREIEE AR}
) Zog 94 540 AFHL YEATL =, Mode 2= Ade] Hol FAolA 43
siok e @ BFFPol FHE AV S HolFE BxH WE HHOE 4
At

CABEE (Mode 3): WA Q= 71 Fule) s
AREE TEo] e £ W} ofd, ‘H-g EE CA-E e £33 7
e FHE ABAT FH AV AFEY BRG} YR, Fe BRI} AR Y Ao]o
F3} SO)e] ¥E7F UHE FHE deht 53 PFo) 0E FUF 25 ol § B
ofZth PC39| AAGL AFE, AT YA A= Zol, AFel AT HF AW
FAH A% Aol we} ool AL B4 A 1 FEr} deHAE 54 w
A, ol AFES J& BRI Bed 1% & 9o, Fl(Aspecn)} a1 F, v
So BgAl acle] o8 FFY At M)A WES AT AT YFHT
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Figure 3.69. Spatial Patterns of the First Three Leading EOF Modes for Temperature
in Jeju Island.
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Figure 3.70. Spatial Patterns of the First Three Leading EOF Modes for Precipitation
in Jeju Island.
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3.3.1 AFAF 716k ZAg =d A3

)1.
ON

o2

35 AE+= CUB_CUB, CUB_NN, LIN_LIN, LIN_.NN, NN_NN & 29@AZ ZF L5F /e A=
2, GAE A v F7EE 98 29, 4ul, 88 A RE TSt CUB —‘5 2 ) ¥k (bicubic)
B, NN FZH(nearest neighbor, NN) B, LINS A &(linear) RS ov| gt

=3 g5AE = o]l EX|(pytorch) 2.6.02.2 T3 Helld =2 CASE OLR, CASE D,
CASE DU, CASE DUR, CASE UD<& o]&3te] st=t] AHEEH AT H7F732 ASOS A& 99
Ml 98] 2020~2024d H 59 ARE ol &3kATh ASOS ARE AA AR A A
sty s Qe DAYE AR Aol WA ASOS ARE AA UXE WBsHE Y
oz FHagon], AW AHGE ASOS ABE AZX7t QB FebA 9070l 94740
A57h ol §HUTh e ARl ASOS 4B/t AEAE AT A7} n AU Bl B
sheac.

HA, Aol AMEE stgxEe Held AAME A3E 184 = ERA-5 A3} HlwH 7}
9Tt WX EE olwx] EA H PR Z(PSNR, SSIM, MS-SSIM), &4 %712 Z(MAE, MSE,
RMSE, R?7} o] &<

stsHolE & kel s = ERA-5 A5 9F Hlw et tH(Table 3.1). ©|w| A &2 H7HA|
#%2l PSNR, SSIME Hlw gk 182 Figure 3.713} Figure 3.72¢} 2t} H7lo| Algd st5A =
+ CUB_NN, CUB_CUB, LIN_LIN, LIN_.NN, NN_NNoJt}. *_* & 7]Fo=2 9% A WA EZl
H, LEZES T A A8 BIbHoltth DS_CUB_CUBE ZHAlgl 2ui(e]st 2x)2} 4ufj(o]s) 4
FAEE AFg oA olm A FE HWIEAIEeL BA HIMAEAA M 2 AAE BT "Hﬂﬁ}
8ulj(e]3} 8x)= DS_LIN_LINo] 7}& £& ZAxE Bt NN NNS 2E A3 vl golA 714
o A3E Bt DS_CUB_CUB_8+= DS_LIN_LIN_83 fALSE A& R, o]= 7|23 2
o] It Wslrt urgk A 9ol cubicd] =E ool AA =HuA 7] W&o FARRE A3
7F vk 7 ok JAE3A T 7N AAE dFoAe dEAEE 75 9 dRkdo=
Bicubic EXMH-E& @Wo] o] &3ttt o] AFoA = dF Held 229 Aeee M 2 AR
S H<l NN#} CUBSH A Aok Hel LIN RS A9tk
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Figure 3.71. Comparision of PSNR results between high-resolution ERA5 data and the training
dataset for the period 2020-2024.
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Figure 3.72. Comparision of SSIM results between high-resolution ERA5 data and the training
dataset for the period 2020-2024.

Table 3.14. Summary of image quality and statistical evaluation metrics for high-resolution
ERA-5 and the training dataset for the period 2020-2024.

Model average average average average  average average average
PSNR SSIM MS-SSIM MAE MSE RMSE R?
DS_CUB_CUB_2 48.1556 0.9936 0.9982 0.0993 0.0359 0.1884 0.9997
DS_CUB_NN_2 41.2148 0.9733 0.9964 0.2323 0.1784 0.4194 0.9985
DS_LIN_LIN_2 44.1410 0.9829 0.9921 0.1539 0.0901 0.2987 0.9992
DS_LIN_NN_2 41.5364 0.9739 0.9954 0.2255 0.1658 0.4043 0.9986
DS_NN_NN_2 38.6097 0.9508 0.9810 0.2644 0.3240 0.5657 0.9972
DS_CUB_CUB_4 38.3215 0.9403 0.9637 0.2975 0.3444 0.5840 0.9970
DS_CUB_NN_4 34.9744 0.8929 0.9501 0.4587 0.7523 0.8608 0.9937
DS_LIN_LIN_4 38.2331 0.9350 0.9603 0.3059 0.3513 0.5899 0.9969
DS_LIN_NN_4 35.4333 0.8995 0.9546 0.4397 0.6780 0.8169 0.9944
DS_NN_NN_4 31.8655 0.8138 0.8797 0.6433 1.5334 1.2302 0.9871
DS_CUB_CUB_8 32.9214 0.8304 0.8719 0.5908 1.1902 1.0866 0.9894
DS_CUB_NN_8 30.3550 0.7561 0.8318 0.8126 2.1848 1.4660 0.9821
DS_LIN_LIN_8 33.5030 0.8375 0.8786 0.5607 1.0454 1.0173 0.9908
DS_LIN_NN_8 30.6965 0.7636 0.8387 0.7861 2.0258 1.4106 0.9835
DS_NN_NN_8 27.5951 0.6498 0.7243 1.1790 4.1340 2.0156 0.9661
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St5A RS o] &3le] Sh53F CASE OLR =9 AxE v w s tHTable 3.2). olnx] &
A Hr7EA #2 PSNR, SSIME Hlw 3 188 Figure 3.733 Figure 3.74¢} Zt} CASE OLR &=
g2 2xollA CUB_CUB HIoJEAlS o]g&3 =elo] NN_NN_2 HolgAlS o]&3st mdlrnn
PSNR H7IA & AQ)g BE HIldA 2 AFHE BEA o|r|A F4 %712 %] PSNRZ
SSIM2 Hl#etA] Ze=the 23dE HoFn o] Aioa HXo] @ PSNR, SSIM A %= 2
P& A3 Boes tE FA B7HAEe A £48ke o] Basitt 4xe) 8xv 2x9F
o] CUB_.CUB Hl°|HAlE o] &3t o] 9% ANE HFth CASE OLR 2d9 542 2x
B} 4x9} 8xo] Ayt ¢ ke Holth Al 7| AAst mde 7ol ulA xAHo| olygt
ARE Edsle 92 vt ARE Fd3te FA A As) 3 =(ow-resolutoin, LR)S} 113)
“+=(high-resolution, HR) A& b ztol7} A1, thF-&9 th#f = sjgdo] ojm] LR &A3}7]
2ol gd3d o] gzl o] At 53] CASE OLR 24 By AS5E A}
£31A 7] W&ol o] @ido] Ad o= FhHEHT
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Figure 3.73. Comparision of PSNR results between high-resolution ERA5 data and the
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Figure 3.74. Comparision of SSIM results between high-resolution ERAS data and the
CASE OLR results for the period 2020-2024.
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Table 3.15. Summary of image quality and statistical evaluation metrics for
high-resolution ERA-5 and the CASE OLR results for the period 2020-2024.

Model average average average average average average average
ode

PSNR SSIM MS-SSIM MAE MSE RMSE R?
OLR_CUB_CUB_2 30.0283 0.7938 0.8441 0.8178 2.3235 1.5171 0.9790
OLR_CUB_NN_2 31.9497 0.8573 0.8983 0.6117 1.4828 1.2141 0.9850
OLR_NN_CUB_2 31.8613 0.8184 0.8665 0.6708 1.5112 1.2261 0.9860
OLR_NN_NN_2 32.419 0.8398 0.8842 0.6093 1.3289 1.1497 0.9870
OLR_CUB_CUB_4 39.0763 0.9426 0.9649 0.3007 0.2901 0.5357 0.9975
OLR_CUB_NN_4 41.9570 0.9631 0.9787 0.2189 0.1521 0.3861 0.9987
OLR_NN_CUB_4 33.2780 0.8691 0.9054 0.5885 1.1031 1.0445 0.9905
OLR_NN_NN_4 33.4108 0.8668 0.9037 0.5869 1.0687 1.0283 0.9907
OLR_CUB_CUB_8 33.4188 0.8337 0.8754 0.5847 1.0665 1.0273 0.9907
OLR_CUB_NN_38 36.1090 0.8788 0.9126 0.4554 0.5790 0.7552 0.9948
OLR_NN_CUB_8 28.7890 0.6887 0.7450 1.1048 3.1082 1.7523 0.9731
OLR_NN_NN_38 28.8928 0.7051 0.7601 1.0561 3.0252 1.7301 0.9733

St e el HxWHS DEM A8 S 01%3}04 g5%k CASE D 29| ZAx}o]ti(Table 3.16).
olm =] Z4 H7}x ¥<l PSNR, SSIME H & Figure 3.753} Figure 3.769} 2t} 2x9l)
A= CUBNN #At5 & o] &3t Bdo] oju|z| Fd HrIAFoA= vl-¢ F4sA £ AHE
HYou B4 HriAFo A= MAEE ALgs ZE A x4 NNNN AEE o] &3 mdrT)
Go A3E B 4x8} 8xolA+= CUBNN ARE o]&3 ndo] tE nwdut =2 Ay
HAT. stEAERE o]83% CASE OLR =9 A¥e} vlustd BE¥H7 DEM A5 & o] 83
g o £ 235 Rt BRxAS4 DEM AsE 7|2ARE AAgsted 583 A5=
ek

}al
r°*'

i o rﬂlm

average PSNR
mD_CUB_CUB_2 =D_CUB_NN_2 =D_NN_NN_2 zD_CUB_CUB_4 #D_CUB_NN_4 =D_NN_NN_4 ©D_CUB_CUB_8 =/D_CUB_NN_8 /D_NN_NN_8

Figure 3.75. Comparision of PSNR results between high-resolution ERA5 data and the
CASE D results for the period 2020-2024.
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Figure 3.76. Comparision of SSIM results between high-resolution ERA5S data and the
CASE D results for the period 2020-2024.

Table 3.16. Summary of image quality and statistical evaluation metrics for
high-resolution ERA-5 and the CASE D results for the period 2020-2024.

Model average average average average  average  average  average
PSNR SSIM MS-SSIM MAE MSE RMSE R

D_CUB_CUB_2 36.5223 0.9139 0.9385 0.4279 0.5615 0.7317 0.9959
D_CUB_NN_2 36.7235 0.9186 0.9411 0.4357 0.5147 0.7079 0.9959
D_NN_NN_2 36.6522 0.9182 0.9412 0.4257 0.5447 0.7207 0.9961
D_CUB_CUB_4 44.4900 0.9824 0.9893 0.1683 0.0904 0.2929 0.9994
D_CUB_NN_4 45,6155 0.9842 0.9909 0.1526 0.0695 0.2570 0.9995
D_NN_NN_4 34.5652 0.8939 0.9186 0.5207 0.8273 0.9025 0.9931
D_CUB_CUB_8 38.0707 0.9232 0.9440 0.3752 0.3886 0.6105 0.9970
D_CUB_NN_8 39.4389 0.9402 0.9576 0.3164 0.2850 0.5221 0.9978
D_NN_NN_8 31.0173 0.7894 0.8291 0.8734 1.9130 1.3652 0.9848

CASE DU 478 5 Step 1 AABE o] &3stn = Wo| A upsamplings E3] a4
T A8 Ax=7E gl E3], upsample layer A7bA] e #3719 YEYIE A AL
&3t} st5Ats = CUB_NN# NN_NN ©wlo]EjAl& o] 8-3te] CUB, NN Step 1¢] CUB2} NN =k
S7 o] &gttt A3= NN A5E o83 mdo] BE Mg lgoA 718 £ 4745 B
S THTable 3.17). o]v]A] F& H7}x] 3] PSNR, SSIME Hlw 3k 132 Figure 3.73% Figure 3.
8¢} #Zt}. CASE DU upsample #lo]oi7} A5 & st AAHE stGste 54 wEol Step
2 AR E o] &3l= CASE OLR®} CASE Dol Hl3] £ AxE Bl Aoz Agd.

o
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Figure 3.77. Comparision of PSNR results between high-resolution ERA5 data and the
CASE DU results for the period 2020-2024.
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Figure 3.78. Comparision of SSIM results between high-resolution ERAS data and the
CASE DU results for the period 2020-2024.

Table 3.17. Summary of image quality and statistical evaluation metrics for high-resolution
ERA-5 and the CASE DU results for the period 2020-2024.

Model average average average average average average  average
PSNR SSIM MS-SSIM MAE MSE RMSE R?
DU_CUB_NN_2  41.8311 0.9747 0.9841 0.2201 0.1546 0.3906 0.9987
DU_NN_NN_2  55.4424 0.9985 0.9996 0.0426 0.0076 0.0839 0.9999
DU_CUB_NN_4  34.2503 0.8798 0.9081 0.5469 0.8892 0.9358 0.9925
DU_NN_NN_ 4  47.1942 0.9889 0.9938 0.1284 0.0515 0.2177 0.9996
DU_CUB_NN_8  30.0446 0.7470 0.7897 0.9803 2.3594 1.5215 0.9804
DU_NN_NN_8  41.5592 0.9611 0.9736 0.2577 0.1867 0.4155 0.9987

CASE DURE CASE DU mRdoA F&oE A83tE UEYA THe AsAE A5
Bz DEMAE7E ZEE SGsles 22 2Edolth g5Ats+ CUB_NN¥ NN_NN ¢
OlEJ A& o]&3}e] CUB, NN Step 1] CUB9F NN #&w7F o] &3t Ayt NN A5 E o] &3
Tdo] BE JASt wjgA Mg £ AHE EAHTable 3.18). olujx] FA BF7A xR
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Table 3.18. Summary of image quality and statistical evaluation metrics for high-resolution
ERA-5 and the CASE DUR results for the period 2020-2024.

Model average  average average average average average  average
PSNR SSIM MS-SSIM MAE MSE RMSE R?

DUR_CUB_NN

) 41.8393  0.9749 0.9842 02184 01543 03902  0.9987
DUR_NN_NN_

) 53.8623  0.9979 0.9994 0.0526  0.0106  0.0998  0.9999
DUR_CUB_NN

) 341974  0.8777 0.9066 05501  0.8998 09414  0.9925
DUR_NN_NN_

) 46.6460  0.9876 0.9932 0.1338 00576 02310  0.999
DUR_CUB_NN

5 30.3196  0.7489 0.7923 09685  2.2283 14763 0.9817
DUR_NN_NN_

) 425240  0.9687 0.9782 0.2256  0.556  0.3756  0.9990

average PSNR
mDUR_CUB_NN_2 = DUR_NN_NN_2 DUR_CUB_NN_4 DUR_NN_NN_4 ©DUR_CUB_NN_8 DUR_NN_NN_8

Figure 3.79. Comparision of PSNR results between high-resolution ERA5 data and the CASE
DUR results for the period 2020-2024.
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Figure 3.80. Comparision of SSIM results between high-resolution ERA5 data and the CASE
DUR results for the period 2020-2024.

CASE UD+= CUB_NN¥ NN_NN ©#|o]E A8 o]&3}la] CUB, NN Step 12] CUB2} NN A&
tl o) g3t A2 BE AASE vjEolA NN ARE o83 2do] 714 £ A9E HY
o}, ojujz] EF Hr7FA #EQ PSNR, SSIME v ek 19 Figure 3.813} Figure 3.829F 2t}

#DUR_NN_NN_2 ©#DUR_CUB_NN_4 =DUR_NN_NN_4 ©DUR_CUB_NN_8 ©DUR_NN_NN_8

7

i

average SSIM

CASE DUR ZA#+= CASE DUSF A9 A 235 HAth

Table 3.19. Summary of image quality and statistical evaluation metrics for high-resolution
ERA-5 and the CASE UD results for the period 2020-2024.

Model average  average average average average  average  average
PSNR SSIM MS-SSIM MAE MSE RMSE R?
UD_CUB_NN_2  41.8324 0.9746 0.9844 0.2194 0.1549 0.3907 0.9987
UD_NN_NN_2 49.6663 0.9955 0.9986 0.0813 0.0259 0.1591 0.9998
UD_CUB_NN_4  34.6028 0.8821 0.9105 0.5416 0.8309 0.9015 0.9932
UD_NN_NN_4 44.0331 0.9778 0.9872 0.1853 0.0988 0.3075 0.9992
UD_CUB_NN_8  30.0960 0.7394 0.7844 0.9811 2.3404 1.5140 0.9807
UD_NN_NN_8 40.2939 0.9493 0.9660 0.2992 0.2422 0.4770 0.9982

60.0000
50.0000
40,0000
B 30,0000
20,0000
10.0000

0.0000

Figure 3.81. Comparision of PSNR results between high-resolution ERA5 data and the CASE
UD results for the period 2020-2024.

average PSNR
mUD_CUB_NN_2 w=wUD_CUB_NN_4 =mUD_CUB_NN_8 =@UD_NN_NN_2 ©UD_NN_NN_4 = UD_NN_NN_8
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mUD_CUB_NN_2 w=wUD_CUB_NN_4 =UD_CUB_NN_8 =UD_NN_NN_2 ©UD_NN_NN_4 ©UD_NN_NN_8

Figure 3.82. Comparision of SSIM results between high-resolution ERA5 data and the CASE
UD results for the period 2020-2024.

2x A Wrr =md At ojux FAF} FA Byt AxE FTE =H= 19
DU_NN_NN_2, 29+ DUR_NN_NN_2, 3%|:= UD_NN_NN_2¢]ith(Table 3.20). 4x HAA B7} =
g Aol A3Fe T 19+ DU_NN_NN_4, 2¢/= DUR_NN_NN_4, 3%]= D_CUB_NN_4°] Atk
(Table 3.21). 8x A H7} =Ed Azte] A& F 19 DURNNNNS, 29+
DU_NN_NN_8, 39/+== UD_NN_NN_8o]#tHTable 3.22). ®I-H9t A &3tAY Kz DEM =}
27F gl RdE0E= DEM ARE ¥ 2do] 2 2345 Hin.

rr
rr
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Table 3.20. Ranking summary of image quality and statistical evaluation metrics for all 2x
downscaling results.

Rank

Model average average average average average average average
PSNR SSIM MS-SSIM MAE MSE RMSE R?
DS_CUB_CUB_2 4 4 4 4 4 4 4
DS_CUB_NN_2 10 10 5 10 10 10 10
DS_LIN_LIN_2 5 5 7 5 5 5 5
DS_LIN_NN_2 9 9 6 9 9 9 9
DS_NN_NN_2 11 11 11 11 11 11 11
D_CUB_CUB_2 14 14 14 13 14 14 14
D_CUB_NN_2 12 12 13 14 12 12 13
D_NN_NN_2 13 13 12 12 13 13 12
DU_CUB_NN_2 8 7 10 8 7 7 8
DU_NN_NN_2 1 1 1 1 1 1 1
DUR_CUB_NN_2 6 6 9 6 6 6 7
DUR_NN_NN_2 2 2 2 2 2 2 2

OLR_CUB_CUB_

) 18 18 18 18 18 18 18
OLR_CUB_NN_2 16 15 15 16 16 16 17
OLR_NN_CUB_2 17 17 17 17 17 17 16
OLR_NN_NN_2 15 16 16 15 15 15 15
UD_CUB_NN_2 7 8 8 7 8 8 6

UD_NN_NN_2 3 3 3 3 3 3 3
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Table 3.21. Ranking summary of image quality and statistical evaluation metrics for all 4x
downscaling results.

Rank
Model average  average  average  average  average  average  average
PSNR SSIM MS-SSIM MAE MSE RMSE R2
DS_CUB_CUB_4 8 8 8 9 12 12 12
DS_CUB_NN_4 11 12 11 17 17 17 17
DS_LIN_LIN_4 9 9 9 12 13 13 14
DS_LIN_NN_4 10 10 10 15 16 16 16
DS_NN_NN_4 18 18 18 27 27 27 27
D_CUB_CUB_4 4 4 4 4 4 4 4
D_CUB_NN_4 3 3 3 3 3 3 3
D_NN_NN_4 13 11 12 18 18 19 19
DU_CUB_NN_4 14 14 14 20 20 20 20
DU_NN_NN_4 1 1 1 1 1 1 1
DUR_CUB_NN_4 15 15 15 21 21 21 21
DUR_NN_NN_4 2 2 2 2 2 2 2
OLR_CUB_CUB_

4 7 7 7 11 11 11 11
OLR_CUB_NN_4 6 6 6 6 6 7 7
OLR_NN_CUB_4 17 16 16 25 25 25 25
OLR_NN_NN_4 16 17 17 24 24 24 24
UD_CUB_NN_4 12 13 13 19 19 18 18

UD_NN_NN_4 5 5 5 5 5 5 5
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Table 3.22. Ranking summary of image quality and statistical evaluation metrics for all 8x
downscaling results.

Rank
Model average  average  average  average  average  average  average
PSNR SSIM MS-SSIM MAE MSE RMSE R2
DS_CUB_CUB_8 9 9 9 9 9 9 9
DS_CUB_NN_8 12 12 11 11 12 12 12
DS_LIN_LIN_8 7 7 7 7 7 7 7
DS_LIN_NN_8 11 11 10 10 11 11 11
DS_NN_NN_8 18 18 18 18 18 18 18
D_CUB_CUB_8 5 5 5 5 5 5 5
D_CUB_NN_8 4 4 4 4 4 4 4
D_NN_NN_8 10 10 12 12 10 10 10
DU_CUB_NN_8 15 14 14 14 15 15 15
DU_NN_NN_8 2 2 2 2 2 2 2
DUR_CUB_NN_8 13 13 13 13 13 13 13
DUR_NN_NN_8 1 1 1 1 1 1 1
OLR_CUB_CUB_

g 8 8 8 8 8 8 8
OLR_CUB_NN_8 6 6 6 6 6 6 6
OLR_NN_CUB_8 17 17 17 17 17 17 17

OLR_NN_NN_8 16 16 16 16 16 16 16
UD_CUB_NN_8 14 15 15 15 14 14 14

UD_NN_NN_8 3 3 3 3 3 3 3
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FA3 ARE AH AEQA ASOS A7} vlmw B4t o)A, A B3 A3 A
HZo] BHIPHE o83 shFAEE I3YE ERA-5 A5 ete] ojnx] FAF FA A xEoA
wo ARE Hol HrldA Attt AdA st vlao]r] wiitol ojw|z] FH AEE A
Qalgon dojE AAASG RPE DA AT AgA HEo] Ao BE H|d ARE R
A7) W&o AL, MAE, MSE, RMSEYF HA15l1 3 7}3l o

3% ERA-5 AE& ASOS A-AE<} A AE H7lelA MAEw 2.2574, MSE+
9.1358, RMSE:= 3.0225%t}. o] A#E 7122 Hyy vde Hrsdnt 989 wdo X
AR Y A8/ BF DIYE ERAS ATOIA AN Aotk mebd, 9y md
ERA-5 AtEo}e] fAld AEE BAste 4% wde Adstart

ftlo

o

CASE OLRol A 2x= NN_NN, 4x:= CUB_NN, 8x&= CUB_NN &FxE5=2 F53 =
< Ass E‘,’&E}(Table 3.23). 2xo| A sk5AtE Step 29 #A57F CUB BIPHo g2 F=
of, NNl ml&] w2 dF4& EAn 2xe H2d Bdo] vAl 24 7Pl Sade
s AdH o= 0112*40] we Aoz wodEY. MAE ¥l I3 &= Figure 3.833% 2t

=5
73
2

o r 1
0 o o

Table 3.23. Summary of statistical evaluation metrics comparing CASE OLR results with
ASOS observations for the period 2020-2024.

MODEL MAE MSE RMSE MAE(%) MSE(%) RMSE(%)

OLR_CUB_CUB_2 2.7566 14.0346 3.7463 22.11 53.62 23.94
OLR_CUB_NN_2 2.4080 10.5174 3.2431 6.67 15.12 7.30
OLR_NN_CUB_2 2.4918 11.0772 3.3282 10.38 21.25 10.11
OLR_NN_NN_2 2.3951 10.2404 3.2001 6.10 12.09 5.87
OLR_CUB_CUB_4 2.3256 9.6166 3.1011 3.02 0.26 2.60
OLR_CUB_NN_4 2.2907 9.3201 3.0529 1.47 2.02 1.00
OLR_NN_CUB_4 2.4030 10.2450 3.2008 6.45 12.14 5.90
OLR_NN_NN_4 2.4137 10.3718 3.2205 6.92 13.53 6.55
OLR_CUB_CUB_8 2.3678 9.8253 3.1345 4.89 7.55 3.71
OLR_CUB_NN_8 2.3626 9.8055 3.1314 4.66 7.33 3.60
OLR_NN_CUB_8 2.6381 12.1682 3.4883 16.86 33.19 15.41
OLR_NN_NN_8 2.6358 12.1672 3.4882 16.76 33.18 15.40
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Figure 3.83. MAE comparison between CASE OLR results and ASOS observations for the
period 2020-2024.

CASE Dol A 2x&= NN_NN, 4x= CUB_NN, 8x= CUB_CUB &A2E F33F mdo)
of| =4S HYtHTable 3.11). CASE OLR¥} H|s=351A] st5AE Step 29 A57F NN HItHo =
=3 Ao AHoR FL gFAHS E;’MUP, iZtﬁ_ DEM #A3=Z <13 8x°ﬂ Me &
32l Step 20| CUB EIPHE HE&AES w £ =4S BTt MAE vl I~ &= Figure
3.847} Zt}.

=
_6‘
o

Table 3.24. Summary of statistical evaluation metrics comparing CASE D results with ASOS
observations for the period 2020-2024.

MODEL MAE MSE RMSE MAE(%) MSE(%) RMSE(%)
D_CUB_CUB_2 2.2899 9.4151 3.0684 1.44 3.06 1.52
D_CUB_NN_2 2.2395 8.9376 2.9896 0.79 2.17 1.09
D_NN_NN_2 2.2508 9.0425 3.0071 0.29 1.02 0.51
D_CUB_CUB_4 2.2792 9.3244 3.0536 0.96 2.06 1.03
D_CUB_NN_4 2.2636 9.1536 3.0255 0.27 0.19 0.10
D_NN_NN_4 2.3820 10.0416 3.1688 5.52 9.91 4.84
D_CUB_CUB_8 2.2775 9.0625 3.0104 0.89 0.80 0.40
D_CUB_NN_8 2.2613 8.9842 2.9974 0.17 1.66 0.83
D_NN_NN_38 2.4288 10.3405 3.2157 7.59 13.19 6.39
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Figure 3.84. MAE comparison between CASE D results and ASOS observations for the period
2020-2024.

CASE DUGIA =E A3t vjL&oA NN_NNo| =& o=4S HtHTable 3.25). CASE
DU =do %229 Step 1 A2 o] g3te] sty Py =d u=93 oA
upsample #o]olE E& naAN=E A7 AX =Z7]E gtk MAE Hlw 123 = Figure 3.
857 #t}.

Table 3.25. Summary of statistical evaluation metrics comparing CASE DU results with ASOS
observations for the period 2020-2024.

MODEL MAE MSE RMSE MAE(%) MSE(%) RMSE(%)
DU_CUB_NN_2 2.3021 9.4549 3.0749 1.98 3.49 1.73
DU_NN_NN_2 2.2571 9.1302 3.0216 0.01 0.06 0.03
DU_CUB_NN_4 2.4532 10.6976 3.2707 8.67 17.10 8.21
DU_NN_NN_4 2.2646 9.1761 3.0292 0.32 0.44 0.22
DU_CUB_NN_8 2.6091 12.0659 3.4736 15.58 32.07 14.92
DU_NN_NN_8 2.2721 9.2143 3.0355 0.65 0.86 0.43
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Figure 3.85. MAE comparison between CASE DU results and ASOS observations for the period
2020-2024.
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CASE DUR RHXx CASE DUSH Zo] RE A8t wj&ollA NN NNo| 2 o Z4E =3
CHTable 3.26). CASE DUR R=%= CASE DU #o] Atz e| Step 1 ARE o] &3t St
huj

e 98d =24 W= 3 UelA upsample #ololE B A= Azt A AV|E @
%t} MAE Hlnl 18} =+ Figure 3.863F -t}

Table 3.26. Summary of statistical evaluation metrics comparing CASE DUR results with
ASOS observations for the period 2020-2024.

MODEL MAE MSE RMSE MAE(%) MSE(%) RMSE(%)
DUR_CUB_NN_2 2.3951 10.2404 3.2001 6.10 12.09 0.87
DUR_NN_NN_2 2.2580 9.1343 3.0223 0.03 0.02 0.01
DUR_CUB_NN_4 2.4748 10.8911 3.3002 9.63 19.21 9.18
DUR_NN_NN_4 2.2584 9.1295 3.0215 0.05 0.07 0.03
DUR_CUB_NN_8 2.5923 11.8876 3.4478 14.83 30.12 14.07
DUR_NN_NN_8 2.2763 9.2410 3.0399 0.84 115 0.57
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Figure 3.86. MAE comparison between CASE DUR results and ASOS observations for the
period 2020-2024.

CASE UD 2" = CASE DU$ CASE DUR #o| B&= A3t &4 NN_NNo| F2 o

=4S BEYtHTable 3.27). CASE DUR =2 % CASE DU%} CASE DUR Zo] g5A59] Step 1
A8E ol&sto Sgetm gl Ed vla = el A upsample #HololE F&ll G = A
59 A =Z71E wEoh MAE ®la I+ Figure 3.873 2t
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Table 3.27. Summary of statistical evaluation metrics comparing CASE UD results with ASOS
observations for the period 2020-2024.

MODEL MAE MSE RMSE MAE(%) MSE(%) RMSE(%)
UD_CUB_NN_2 2.2997 9.4417 3.0727 1.87 3.35 1.66
UD_NN_NN_2 2.2576 9.1364 3.0227 0.01 0.01 0.00
UD_CUB_NN_4 2.3958 10.2152 3.1961 6.13 11.81 5.74
UD_NN_NN_4 2.2672 9.1705 3.0283 0.43 0.38 0.19
UD_CUB_NN_8 2.5129 11.0891 3.3300 11.32 21.38 10.17
UD_NN_NN_8 2.2743 9.2433 3.0403 0.75 1.18 0.59
2.5500
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MAE
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Figure 3.87. MAE comparison between CASE UD results and ASOS observations for the period
2020-2024.

AA 2x B7F 29 A W7l AE= UD_NN_NN_2, DUR_NN_NN_2, DU NN_NN <=2
2 2 434E BEHTable 3.28). 4xi= DUR_NN_NN_4, D_CUB_NN, UD_NN_NN_4 o2 %
2 A¥)E B om, 8x= DU_NN_NN_8, D_CUB_CUB_8, DUR_NN_NN_8 co = £ A&
B tHTable 3.29, 3.30).

AA FA 3 vj& AFeA BEo] EDSR RalS 7uko g at= A3 Held =doA
£ NN 2do] g2 mdo nls] ooz £ A7E Bl o= Yehgth(Appendix [Al],
[A2D. 12, 987} AMgdtE 713A 2= NN Bibgos 44" 28Rt LIN, CUB B3
of ofsf 449 A=l ¥ 7T w}ﬂw o] Ao NNNN 2do] £ Hd HYo
U, FSedle dARRAA At GAlslsta ko] fle HS ekete] ASOS #EAE
THe WUt B3 R BAo] Had AoFE ATHT
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Table 3.28. Ranking summary of statistical evaluation metrics for all 2x deep
learning-based downscaling models against ASOS observations. Bold text indicates
the 1st, 2nd and 3rd ranks.

Rank
MODEL
MAE MSE RMSE
OLR_CUB_CUB_2 14 14 14
OLR_CUB_NN_2 12 12 12
OLR_NN_CUB_2 13 13 13
OLR_NN_NN_2 10 10 10
D_CUB_CUB_2 7 7 7
D_CUB_NN_2 5 ) B!
D_NN_NN_2 4 4 4
DU_CUB_NN_2 9 9 9
DU_LIN_LIN_2 6 6 6
DU_NN_NN_2 2 3 3
DUR_CUB_NN_2 10 10 10
DUR_NN_NN_2 3 2 2
UD_CUB_NN_2
UD_NN_NN_2

Table 3.29. Ranking summary of statistical evaluation metrics for all 4x deep

learning-based downscaling models against ASOS observations. Bold text indicates
the Ist, 2nd and 3rd ranks.

Rank
MODEL
MAE MSE RMSE
OLR_CUB_CUB_4 7 7 7
OLR_CUB_NN_4 6 5] S
OLR_NN_CUB_4 10 10 10
OLR_NN_NN_4 11 11 11
D_CUB_CUB_4
D_CUB_NN_4
D_NN_NN_4
DU_CUB_NN_4 13 13 13
DU_LIN_LIN_4 12 12 12
DU_NN_NN_4 3 4 4
DUR_CUB_NN_4 14 14 14
DUR_NN_NN_4
UD_CUB_NN_4
UD_NN_NN_4
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Table 3.30. Ranking summary of statistical evaluation metrics for all 8x deep
learning-based downscaling models against ASOS observations. Bold text indicates
the 1st, 2nd and 3rd ranks.

Rank
MODEL
MAE MSE RMSE

OLR_CUB_CUB_8 7 7 7
OLR_CUB_NN_8 6 6 6
OLR_NN_CUB_8 14 14 14
OLR_NN_NN_8 13 13 13
D_CUB_CUB_8 5 1 1
D_CUB_NN_8 1 ) B!
D_NN_NN_8 8 8 8
DU_CUB_NN_8 12 12 12
DU_LIN_LIN_8 10 10 10
DU_NN_NN_38 2 2 2
DUR_CUB_NN_8 11 11 11
DUR_NN_NN_8 4 3 3
UD_CUB_NN_38 9 9 9
UD_NN_NN_8 3 4 4
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34. 71FAR S wE FA/F AQH F7}

71328 Z1FHE A, A A 2, B 2 dux 2ddy, A YT gokd
Fokol A ;A arAA 7wtow &8Ey vt E3 ARF 7] EAH(gridded climate
datasets)= #Z#Y AIZHA - FHH FHS BT ¢ e FHORE A3, A A (reanalysis)
T+ $A413 HZinterpolation)s F3l A= FRELSA AFEFH ok THY olHT A
24 AAsE AA BEFko] obd FAolg e HolA EFgAA ] HAEHY or, 1 HgEE
#HSAES F4, #5%e UE, B3 B3, 4 E, #3730 T OYd 24 o gl
o 53 x4 EZA44EE A9 9 24 e S3 /$EE OE W U 2 %S
nx]= Ao FE epdoh(Park et al., 2022).
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o ol & Fal nAAE Az IS deotsta, FF U|EAHE AAAAL AL BEFE A
A S

Figure 3.88& tiawl= A txd 1= EHOEME 500m shd== Azse 2o
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2, AF 1% Bzl BEAAH(Z 605719
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Figure 3.88. Spatial Distribution of Observation
Stations and DEM Elevation in South Korea (500m
Resolution).
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Figure 3.89. Elevation differences between observational data (black) and PRISM DEM
(green) for 605 stations.
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20199)°] 71& MFE BAaE o AHE ST [500m_vl] 2E& MK_PRISMETH 3|57} &
R 3 32

of A g AT s} 2 rgd o, IAZ 5E4e 2n st 238 3l
o I3y 9 wbEo] duF s Yo FH Aol Bds axrt B4 d 5 ey, o=
54 AMe 5E4s JHATIe 8Qder A48 5 AT wEA FAZ ALY FHEH b

B Abololl A #& S olF= T

MS_PRISM(500m_v2)2 &Y% 500m 3l s
Ao 570 AANES 83 =E AAEH HA mdoltg. E3] A XY A$ A ARt
Ag7F 20km o] Fol® Al Q= WAl o2 I HEARS I
GDEM Version 3(2019)¢} =En 55 AZ=7A1(2024-02-21)E ZA37st
Sk Aol EAolt 500m_v2 =g L) )
T Jon, Hal Ay dolEe} PIATE HRE 83t FHH ALl IA FEHAG
wrebs] oA, ek A AY T 7‘]3351 3ol & A
2 Fridn. o] mde Ix34 J|& &
s HAgeke o A3 s 7HIH (Table 3.

OJ

D.

Table 3.31. Model Specifications: Resolution and Influence Radius.

. _ . . Hey 2
Model Resolution S ReIR-1 0| GIS information 7] }’(
MK_PRISM 751x601 - 30km (Min. 5 stations) = NASA ASTER GDEM
(1km) (Approx. 1km) - Used 605 stations Version 2, 2011
®MSSMP RE o201 o okm Max. 13 gridsy  VASA ASTER GDEM Tave. Tmin,
(Approx. 500m) ' - 1o 8t Version 2, 2011 Tmax
(500m_v1) (2000~ 2019)

@ - 1 .3km(Max. 5 grids)
MS_PRISM 15301;128(1)@ - (Islands) Exclude if
(500m_v2) PPIOX. distance to target > 20km

NASA ASTER GDEM
Version 3, 2019

2AE9 S-S 45 AsiA, B dFelA= 200085 20193714 208312
255 7Nt 2, Al A AAAAER(500m_v2], [500m_vl], [1kmDe] <€ 7]

o

(TMEAN), €& 117]&(TMAX), & HA7]&(TMIN) d= A %S H71E FPsAu
Y7MAEZE Hi AFE L2HRMSE), #HBIAS), A3#A 4(Cor), ZAAT(RHE AFE3S}H
At d= HEA&(Cor, ROHAl 7HA] 2d B5F 7] W3] AL uj$ HEeA o =5t
Ao ZE HE(TMAX, TAVE, TMIN)o| s Al 2d m5 &R Yo FadA+- 2D 2
AAG kol 098 ooz ¢ =4 vepdt ol ndel Azl gry FEFEAF ] o)
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Figure 3.91. Gridded Model Performance Comparison for TAVE (2000-2019).
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Gridded Model Performance Comparison (2000-2019) - Variable: TMAX
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Figure 3.92. Gridded Model Performance Comparison for TMAX (2000-2019).
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Figure 3.93. Gridded Model Performance Comparison for TMIN (2000-2019).
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H7]2(TAVE)S REHE F3HAQl | EAo] tha Aolsh, [500_v2I7F Awrd o=
Hel gko] 0o 7H 7MgAl Bxste] 71 e Al2®'Zd #HEFS HAok(Figure 3.91). 7]
2(TMAX)2 Al 29 =5 ko] H7F SASHA Yetdar lof, A H3 7S A oS
3l= A&o] JuhFigure 3.92). HAZ|2(TMIN)S Al 2d 25 g9 #H7l 9ASHA YER,
AA HAA 7e B dSFste Aol e ASE e tHFigure 3.93). 53] E5 A Yo
Al O Aol FEEA UdEtda Ytk B AT AEE TFHeE EA% A, [500_v2] 4
2 mdo]l Al 7}A 71 W(TMAX, TAVE, TMIN) R FolA 78 943 A%S BT
[500_v2]& 22 Z7I(RMSE)$} Al2®l& HIKBIAS) SHAA o2 F =ZA(500_v1], [1kmDx
o HEsA AaE AHE EAH

4 A= ™EBoxplot) EA A= 2000~2019F 20 7ke] R* , Cor, BIAS ¥ E 9dg
A Zyslste] el *4—5-‘2 ADA AAHAPE FHrlstoh ¥ 18 Boxplot) A A =
2000-2019 20dzte] #=AEE Zwto 2 Al 7FA A =2([500m_v2], [500m_v1], [1kmD<]

l

B#7]2(TAVE) oS Ase d¥2 Hug 2Axds dein. 4 a8 AaAFR? ), 48
Z3(Cor), HZHBIAS) Ao thgt BF2~FF(Boxplot) 202 FAHO gon, mdd o =g}
AAE WHEsde Al Bt g Jdoh dubF oz A Bl mE ASH01~-249)3 o F4(7-8
ol R* gho] tda oA AFS BIoH, ol 53 712 A Rdo o dolx
7F EokAlE @4s vkgdTh 53] [500m_v2] 2 BE oA FYgk(Median)e] 0.97 o]
oz FAHH, G2 dol(QR)7t Fot dS 4ol =5+ HoEr Wi [lkm] 2de €

H HEAgol A3, IR dolA= sHe E9%HQDe] 0.92 o]dtE "ojA= AlHE AT
(Figure 3.94).
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Figure 3.94. Boxplot Analysis of Monthly R* for TAVE Prediction Across Three Grid
Models (2000~2019).

AT H2ERS ST B Zl~9] FEE =
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Figure 3.95. Boxplot Analysis of Monthly Correlation coefficient for TAVE Prediction
Across Three Grid Models (2000~2019).
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Monthly Distribution of BIAS Comparison (2000-2019)

0.05 4 Model
=3 500_v2

BUNLI RUBERERUREC N B NLE:

—0.05

—-0.10 4

BIAS Value (20-Year Distribution)
s
e
G

LRI AR AR AR

-0.254

1 2 3 a 5 6 7 8 9 10 11 12
Month

Figure 3.96. Boxplot Analysis of Monthly BIAS for TAVE Prediction Across Three Grid
Models(2000~2019).
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9es] ASaI BSe] A AEE Hrists Aol okye, dEe] FAM(COR), H43ke]
A= BIAS), E8e AAPZEADS A wFstd Rde d5s tadd o= Prigi.
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gl %*é% E?ﬂﬂoi HAEsta, =g Ad gl &8 Qlo] By A#A ol A=A U+
AEE E2 F AT

B dAFod= 8yl 6057) #S49 20d37H2000-2019) 712 AEE 7Rt Z, Al 7}
A A AA 2D (B00m_v2, 500m_vl, 1km)e] ¢= A& KGEKIling-Gupta Efficiency) #A|%E&
B3l TFHOoE Prietdoh. KGEE d&#ke 4#A4(COR), H+ HIKBIAS), WA AAY

H
(B4 e 5dHoz y¥shs NEE, 7|2 RMSE, R*, COR, BIASS} z2& /¥ Ax9
Hepstm mdo] HMubHQl S S shte FAR 2FE 5 e AHl

Al 7 YA 71L& HE—LAFH 77 2(TAVE), ¥ A 7]-(TMIN), ¥ X 11.7]2(TMAX)
dH 2 A #=XHoA A=H KGE g 7|¥te g wtrzx

Table 3.32. Model Performance Evaluation Based on KGE Values.

KGE Value Range Accuracy / Model Performance Interpretation
KGE = 0.75 Excellent: Model accurately reproduces observed values.
0.50 = KGE < 0.75 Good : Model is generally reliable.

0.25 < KGE < 0.50 Fair: Model performance is intermidiate; improvement is needed.

0 < KGE < 0.25 Poor: Model performance is insufficient; reliablity is low

Very Poor: Model performance is worse than the mean of the

KGE < 0 oberved values.
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TMAX Across Three Grid Models (2000-2019).
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Local Moran's | Spatial Cluster Distribution Comparison
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Figure 3.99. Spatial Cluster Comparison of Observed and Modeled Temperature Using Local
Moran” s L
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Figure 3.100. Comparative Evaluation of Grid
Models Based on  LISA  Metrics: Relative
Performance of 500m_v2, 500m_v1, and 1km.
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Table 3.33. LISA-Based Spatial Clustering Performance: Comparison of 500m_v2, 500m_v1, and
1km Models.

Metric 500m_v1l | 500m_v2 | 1lkm Metric Interpretation
LISA type Match Rate(%)| 41.86 41.86 41.86 Higher is Better
Cluster shift Distance(km) 3.07 1.65 3.21 Lower is Better
Abs STD Bias 0.41 0.15 0.08 Lower is Better
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Figure 3.101. Spatial Comparison of YearMaxT: Observations vs.
(500m_v1, 500m_v2, 1km).
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Figure 3.102. Statistical Comparison of YearMaxT: Observations vs. Three Grid-Based
Models.
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Figure 3.103. Spatial Comparison of YearminT: Observations vs. Grid-Based Models (500m_v1,
500m_v2, lkm).
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YearMinT Statistics by Data Type
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Figure 3.104. Statistical Comparison of YearMaxT: Observations vs. Three Grid-Based
Models.
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Figure 3.105. Yearly Variation of Extreme Temperature Indices.
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3.3.6. Ao mAHAY

E Ao A= RCM 53F(CCLM, GRIMs, HadGEM3-RA, RegCM, WRF)e] ZA¥Z Kim et
al.(2016)°] A A3+ PRIDE(PRISM based Dynamic downscaling Error correction) =23}
MK-PRISM 184 = &5 A2 A58 A-83te] AY4rd SSP 235(SSP1-2.6, SSP5-8.5) 711k A

A AYg e A5E B43ATCNE7H, 2023).

Ao mE Age B3] $sle], SSPI-2.6(4wiE Alvte] L) = SSP5-8.5(aviE
AUl 2)E 7IHte = 2071~21000d 9] A3 a17]2(Figure 3.107)3 A3 #]7](Figure 3.4.21)2]
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Figure 3.107. Spatial distribution and change of Annual Maximum Temperature under
SSP Scenarios.
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Appendix A. Examples
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Figure Al. Examples of top-ranked results on 21 January, 2020.
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