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Abstract: The purpose of this study is to build a new dataset of spatially interpolated climate data
of South Korea by performing various geo-statistical interpolation techniques for comparison with
the LDAPS grid data of KMA. Among 595 observation data in 2017, 80 % of the total points and
remaining 117 points were used for spatial mapping and quantification, respectively. IDW, cokriging,
and kriging were performed via the ArcGIS10.3.1 software and Python3.6.4, and each result was then
divided into three clusters and four watersheds for statistical verification. As a result, cokriging
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produced the most suitable grid climate data for instantaneous temperature. For 1-hr accumulated

precipitation, IDW was most suitable for expressing local rainfall effects.
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Table 1. Observed data of instantaneous temperature and precipitation in 2017.

2017.03.31 2017.06.21 2017.09.23 2017.12.24
Min -43 13.3 11.0 4.4
Temgeé';““re Max 12,0 27.1 245 14.9
Mean 7.8 232 19.0 49
o Min 0.0 0.0
Precipitation Max 71 ~ _ 207

(mm)
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Figure 1. (A) Location of AWS, (B) DEM of study area.
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Table 2. Three clusters separated with elevation and slope

Clusterl

Cluster2 Cluster3

Property High altitude, slope Middle altitude, slope Low altitude, slope
Number 24 98 473
Average slope (°) 214 13.5 5.1
Average elevation (m) 942 387 60
Training 20 79 379
Test 4 19 94
T HEE 387m, Hat AAF13.5°9] F3F 1w}
ANE Yo gt 29 32 BF HLuE
60m, B AAH5 IR BA SRk R AEHRE =z
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Table 3. Comparison of instantaneous temperature and 1-hr accumulative precipitation estimated by geo-statistical

interpolation and observed in 2017.

Temperature (°C) 2017.03.31 2017.06.21 2017.09.23 2017.12.24
Max-Min 132 11.6 11.9 16.7
Observed
Mean 7.9 232 19.6 44
. Max-Min 8.0 8.7 82 13.0
Cokriging
Mean 7.8 23.1 19.7 44
Max-Min 8.9 10.1 8.0 122
IDW
Mean 7.9 23.1 19.6 44
o Max-Min 6.6 6.4 6.5 12.8
Kriging
Mean 7.8 232 19.7 4.5
Precipitation (mm) 2017.03.31 2017.12.24
Max-Min 4.74 15.88
Observed
Mean 0.65 1.97
. Max-Min 3.65 10.47
Cokriging
Mean 0.74 2.02
Max-Min 3.86 9.81
IDW
Mean 0.73 2.04
o Max-Min 3.14 9.19
Kriging
Mean 0.71 1.95
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Figure 4. Grid climate data of instantaneous temperature generated by cokriging, IDW, kriging and LDAPS
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Figure 5. Grid climate data of 1-hr accumulated precipitation generated by cokriging, IDW, kriging and LDAPS
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o fHaE Harh IARE FA7afol digh 37t
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1) AR AR At

7 B7kEZE 7 oE 5 AR By
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Table 4. Clusteral classification and comparison of temperature estimated by interpolation and observed in 2017.

Temperature (°C) 2017.03.31 2017.06.21 2017.09.23 2017.12.24
. Bias 4.62 3.03 2.58 1.74
Cokriging
RMSE 5.03 3.58 3.26 2.37
Bias 4.18 3.09 2.34 1.72
IDW
RMSE 4.79 3.49 3.01 2.35
. Bias 5.71 3.98 2.65 1.72
Clusterl Kriging
RMSE 5.96 438 329 2.32
Bias 3.73 2.05 273 1.03
LDAPS
RMSE 3.86 248 2.83 1.67
Bias 4.56 3.04 2.58 1.55
Average
RMSE 491 3.48 3.10 2.18
. Bias 0.91 1.27 1.29 1.10
Cokriging
RMSE 1.21 1.66 1.69 1.34
Bias 0.97 1.23 1.15 1.03
IDW
RMSE 1.27 1.63 1.57 1.29
. Bias 1.13 1.23 1.22 1.12
Cluster2 Kriging
RMSE 1.43 1.64 1.59 1.39
Bias 0.96 133 2.65 1.11
LDAPS
RMSE 0.74 1.74 291 1.44
Bias 0.99 1.27 1.58 1.09
Average
RMSE 1.16 1.67 1.94 1.37
. Bias 0.62 0.85 0.92 0.87
Cokriging
RMSE 0.83 137 1.62 1.30
Bias 0.69 0.82 1.15 1.04
IDW
RMSE 1.04 1.09 2.33 1.44
. Bias 0.71 0.81 1.09 0.97
Cluster3 Kriging
RMSE 0.98 1.04 230 1.36
Bias 0.79 1.34 2.58 1.12
LDAPS
RMSE 1.12 1.61 2.87 143
Bias 0.70 0.96 1.44 1.00
Average
RMSE 0.99 1.28 2.28 1.38
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Figure 6. Bias of estimated instantaneous temperature expressed by expressed by boxplot (A) and line graph (B).
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2 A vebg=d, o= GISe PRISME ©]&-3t ZHoral, E3| 27 104 1 zpol7} 7HF EEE}HA
IS ARY 71eAm 34 A (Hong et al. HEEHAS, 2R 104 FFa A 2279 7]
2007)¢] K—-PRISM A& 7] 2Ak= AbE 370l A i Hol7k Aol 1.09T Aol &, 4 2914 = of
T EUT S Bk o] Adbe Aol ok 0.22T, 4 3004 oF 0.12T 7FY] AfolE B
& Aol B3| t7)7} A ez eHgskar Axst Ak, wEbA, s 7ol A2 Blsf sdae

o & Fo] Hlad A Yeh] wiZoldt, 7b wEE AR G oE Ve REs o &
Z- Wik 71 HolS T HlwekE ., 27 UERHYES I 4 lSith oledt Adte 3
BEtE 352233 IDW7E <3t 220 qm 2 AgAe] F7HHQl WSR 1=E vhgste] 31t |
A7 FA 7 AbEel| fr2lsklck(Figure 6(B)). 2 g Astaz Il vis) A% AaE whdet
TR 22b 2] ek Fe e ARTS } 2o} B3 AnE w&eqivt B 4 Qi)
= &gt Hol7h A& ALt oSk Holkoh Baek & Jang(2011)9] FAIA F7HE 1 vl A

Table 5. Clusteral classification and comparison of precipitation estimated by Interpolation and observed in 2017

Precipitation (mm) 2017.03.31 2017.12.24
. Bias 0.50 0.83
Cokriging
RMSE 0.63 1.54
Bias 0.36 0.72
IDW
RMSE 0.45 1.40
. Bias 0.48 0.82
Clusterl Kriging
RMSE 0.66 1.61
Bias 0.83 0.75
LDAPS
RMSE 1.15 1.53
Bias 0.54 0.78
Average
RMSE 0.72 1.52
. Bias 0.41 0.50
Cokriging
RMSE 0.50 1.10
Bias 0.32 0.54
IDW
RMSE 0.41 1.18
. Bias 0.43 0.61
Cluster2 Kriging
RMSE 0.53 1.39
Bias 0.82 1.58
LDAPS
RMSE 1.08 3.26
Bias 0.50 0.81
Average
RMSE 0.63 1.73
. Bias 0.33 1.03
Cokriging
RMSE 0.58 1.90
Bias 0.27 1.06
IDW
RMSE 0.55 1.87
. Bias 0.33 1.04
Cluster3 Kriging
RMSE 0.59 1.83
Bias 0.28 1.65
LDAPS
RMSE 0.76 3.15
Bias 0.30 1.20
Average
RMSE 0.62 2.19
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Figure 7. Bias of estimated 1-hr accumulative precipitation expressed by boxplot (A) and line graph (B).
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Figure 8. Instantaneous temperature and 1-hr cumulative precipitation grid data of Yeongsangang River Basin on

March 31th.



Table 6. Maximum, minimum and average value of observed and estimated temperature at Yeongsangang River Basin

Temperature (°C) Observed Cokriging IDW Kriging LDAPS
Sungsamjae 1.3 5.8 43 7.7 0.0
Mudeungsan 1.7 6.9 52 8.5 6.1

Suncheon (Max) 10.5 8.6 8.6 8.7 74

Jindo 54 7.7 6.8 84 7.0
Dachul 8.4 73 6.6 6.7 8.0
Jindalaebat (min) -0.5 35 2.7 5.2 -1.6
Average 8.6 8.3 8.2 82 82
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Figure 9. Six observed spots in Yeongsangang
River Basin.
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Table 7. Observed and Estimated value of 1-hr accumulative precipitation at eight spots in Jeju region

Precipitation (mm) Observed Cokriging IDW Kriging LDAPS
SungsamlJae 0.0 0.2 0.2 0.3 0.0
Mudeungsan 0.0 0.1 0.0 0.1 0.1

Suncheon 0.0 0.5 0.9 0.3 0.2
Jindo 0.9 0.3 0.5 0.2 0.0
Dachul 0.0 1.6 1.3 1.7 1.2
Jindalaebat 1.5 1.5 14 1.4 0.0




o
D
=
ik
(o
08
oo
o151
N
)
]
~
[}
)
o
fol

= A
Z, Agefd)ol Ao It 37ELE A S5k H]
W3} THTable 7).

&AL 7P fARHA A&t SR
IDWRZA] #Hol7} 0.3mm=E 7P 2k, F=31]
737 A2)7) 9] a4k Hol= 717 0.8mm, 0.6mm
ojyltt, 53] Te et A7 At A=A
ol A mi-f- fFARRE i SRS BT, F ¥
ZHA dl=gke] Aol Tt 3% WLl o= 3%
A 7)E AEet e Bk Ao 1EA R
A Gaa7t grGE A 3 A0 E AlRET Hong
et al.(2007)2] Al 713t dAtolA= E-oF %

APRESE B3 =2 SH

psl

alefejof 3 Z o' Al

A e/gol| A LDAPS AR7| S22 oF & 2tol& K
ol A2 A9 tfE, AL o= LDAPS 2
A7 S 72| A= Sttt TA oA o] w4
el D157} dopA g Ahapeake g AsH W
opflth, Lejal F& gfitell A A 7t
w71 9 NS HA AR Tt B o SE]
ok, 2eu S A 29749 Ao A= o]
2|3k 4 dies gelsky] o2, IDWE 79
Srebak B2ah Al 55 A o)A 77t =4 e
WO LDAPS ZAA7| S & e} o B2 H9jol|A]
A &= et

270 A BE} SR S5TS
21}, LDAPS AR 7| 52487 o &3S w353t
1.0mm¢] 4olgt A5 Heitt, o]t oS &R
+ LDAPS ZAA7| 215 A/ Al AR 25 E]
BARE Aol AP F3sh= B ol A H]
25 7oz Bolct IDWE #4-3t A= LDAPS

o |

iy

A7\ Azl vl ol QA7 oF 60% 7k ot
A 7V ARt sk 350 2239 of
% 93K LDAPS 27|52zl vls) 242} 43%,
37% a3ttt

V.4E&

T A7 FAR A AR AT
7|5 BEA R YA BAo] wrex] Hasit, 2
Aol Hate] maAE A7) FARE 755}
7] 9Jste] 41t £ 9 1N7F PR BEAR
o DEM ol&3fo] thopst BA12 Z7hiAt7 el
A HrkskaA sholeh, S2uet 47]d)u ol
4 YAt 715 LDAPS 231715
Azoh vlLste] BAH TWA =S Bt

oK 23 )T A Ao BEY & 9k

o 3%
)
= %

oA lel7} 9iet,
., 352207, DW, 2213 A
FARY o5 BEUE w2

VES PR SABIEOL FURT ofZ Hef-

A ASAR AL F3 Aol S7HE Aol 7]
QIRtet,

A, £t 25 SR S e Ak
BAPZE o5 FobiH. ol
AR ME LS UERE T AE7F 52 AR
2 Aol Aeshs USARY| 2E o] whet
A7} Adolstal, B &S Aol sk

7ol ofa) HetEs 27 2

&t Sk ASAHRET F2 A
Ag oS e e AR
ol A= di7I7h A L= st
o] FgH Az AtEdd.

AR, 23t & A7 54 R 2 A, AFas

s

o o
R
El



£ Wet 327 et Ao vl o
= FAEIQLAL, LDAPS A7 S AR O} v ok gle
ol = F5Le]A o] 224 et LDAPS AR %
At oS fARRE £ Aukg Byt weba &
T REE A A SRl HEAEL T
e 5O FHUSE FIIFO =M AR A
g PIAA F U= AR Bl

A, Fs2e7d 2e74E 283 17 +4
g AAAR £ giEo] ulg- FARFAL S
S Aol EZF 3% u|Rto| Qi) o] 74 R &
ol FReR 285t 1E0] AP anrt gk E A
Fote] & SN At fabshe A H o
HES £ S Hols A 2R ARHL, o]
uks IDW 239} LDAPS A7 3425 vt
Az} =

o, Fek 5 vl A A2 F7 i 9jol A= IDW7E
A A Q7 JeE WA & YR ik det
shct.

Aoz 7)1 B2k Mol 5o,
A Biw 2o IDW7F § U 23S Ho

zooh a8 7|13 744 Bxvt ddE A 7hE U
2 SRlo] 9EHolet HE TElY o), 972
o Ea AA) AR 22 Afee dutssiol
SA37]ole AT A7) W7 FARo mE 4]
2+ 2R d2t 37 A7t LRl Az
A% BAof wet 7]} o] A1 Ay

2 1 9 S 4ote] AT A} upE 4 Q)
RS TEsiu, EX 5, A, serd oy
B9] A2 5 chapet 37 e} 7152 Ak of
gt 371 A7 e % o 2 A7oA ATt FA
Aol Wag Aow

e,

A} A}
£ A 714 See—At7| 27 HHAL] (KMIPA2015
—6140)°9] A o2 FPH 5y Th

References

Ann C, Ewa D, Carl K, Bill A, Ian F, Veronika
N, Jason L, Alex S, Arie S, Bob D, Dean
W, Don M. 2003. High-performance remote
access to climate simulation data: a challenge
problem for data grid technologies. Parallel
Computing. 29: 1335-1356.

Back GH, Lee MG, Kang BJ. 2011. Development
of Spatial Statistical Downscaling Method
for KMA-RCM by Using GIS. The Kotean
Association of Geographic Information
Studies. 14(3): 136-149. [Korean Literature]

Back SG, Jang DH. 2011.
Applicability of Cokriging for High

Evaluation for

Resolution Spatial Mapping of Temperature
and Rainfall, Climate Research. 6(3): 242-
253. [Korean Literature|

Bruno AW, Joslin LM. 2005. The concepts of
bias, precision and accuracy, and their use
in testing the performance of species
richness estimators, with a literature review
of estimator performance. Ecography. 28:
815-829.

Chun SH, Kim CB, Kim WR, Park SG, Chae SK.
2015. Analysis of Stream Environmental
Assessment Systems in Korea : Focus on
the Biological Aspect, Ecology and
Resilient Infrastructure. 2(2): 108-117.

Creutin D, Delrieu G, Lebel T. 1988.
Rain measurement by raingage-radar
combination: a geostatistical approach.
Journal of Atmospheric and Pceanic
Technologies. 5: 102-115.

Daly C, Helmer EH, Maya Q. 2003. Mapping the
Climate of Puerto Rico, Vieques and
Culebra. International Journal of climatology.
23: 1359-1381.

Daly C. 2006. Guidelines for assessing the

suitability of spatial climate data sets. Int.



466 SAISEIL M27H M5E

J. Climatol. 26: 707-721.

Girish P, David WS. 1983. Cluster Analysis in
Marketing Research: Review and Suggestions
for Application. Journal of Marketing
Research. 20(2): 134-148.

Hong KO, Suh MS, Rah DK, Chang DH, Kim
CS, Kim MK. 2007. Estimation of High
Resolution Gridded Temperature Using GIS
and PRISM. Atmosphere. 17(3): 255-268.
[Korean Literature]

Hwang SH, Ham DH. 2013. Evaluation of Spatial
Downscaling Methods for Enhancement
of Spatial Precipitation Estimation. Journal
of KOSHAN. 13(4): 149-163. [Korean
Literature]

Jang DH, Wi NS, Park NW. 2015. High-resolution
Spatial Mapping and Evaluation of
Temperature and Rainfall in South Korea
using a Simple Kriging with Local Mean.
Climate Research. 10(2): 165-182. [Korean
Literature]

Jeong JJ, Choi YG. 2011. Study on Interpolation
Methods to Generate GIS-based Climate
Maps. Climate Research. 6(2): 159-170.
[Korean Literature]

Jin MJ, Park SY. 2015. Temperature Changes
of Climatic Solar Terms and Their
Spatiotemporal Characteristics in South
Korea. The Korean Geographical Society.
50(1): 23-36. [Korean Literature]

Kim JP, Lee WS, Cho HG, Kim GS. 2014.
Estimation of High Resolution Daily
Precipitation Using a Modified PRISM
Model. Korean Society of Civil Engineets.
34(4): 1139-1150. [Korean Literature]

KMA. 2017. 11-1360395-000252-01

KMA. 2017. 11-1360000-000002-06

Kim YS, Shim KM, Jung MP, Choi IT. 2014.
Accuracy Comparison of Air Temperature

Estimation using Spatial Interpolation Methods

according to Application of Temperature
Lapse Rate Effect. The Korean Society of
Climate Change Research. 5(4): 323-329.
[Korean Literature]

Miquel N, Xavier P, Joan MR. 2007. Objective
air temperature mapping for the Iberian
Peninsula using spatial interpolation and
GIS. Int. J. Climatol. 27: 1231-1242.

Park JC, Kim MK. 2009, A Study on the Use of a
Terrain Aspect Variable in Producing the
Precipitation Distribution Map applying
Cokriging: A Case of Jeju Island. Journal of
the Korean Geomorphological Association.
16(3): 59-66. [Korean Literature]

Park JC, Kim MK. 2013. Comparison of
Precipitation Distributions in Precipitation
Data Sets Representing 1km Spatial
Resolution over South Korea Produced
by PRISM, IDW, and Cokriging. Journal
of the Korean Association of Geographic
Information Studies. 16(3): 147-163.
[Korean Literature]

Park NW, Jang DH. 2008. Mapping of
Temperature and Rainfall Using DEM
and Multivariate Kriging. The Korean
Geographical Society. 43(6): 1002-1015.
[Korean Literature]

Park NW, Jang DH. 2011. Use of Space-time
Autocorrelation Information in Time-series
Temperature Mapping. The Korean
Association of Regional Geographers.
17(4): 432-442. [Korean Literature]

Park SJ. 2014. Generality and Specificity of
Landforms of the Korean Peninsula, and
Its Sustainability. The Korean Geographical
Society. 49(5): 656-674. [Korean Literature]

Stephen EF, Robert JH. 2017. WorldClim2: new
1-km spatial resolution climate surfaces for
global land areas. Int. J. Climatol. 37:
4032-4315.



ZOIY - JXI2 - Fol2l - 2RE - MER / =Y XY DT 7|2 2YS flot S 7|E S 467

T™ =

Supplementary Table 1. Variogram and cross variogram with elevation of temperature in 2017; the variogram modeling
was performed using ArcGIS ver. 10.3.1 Geostatistical Analyst program, and Gaussian models were applied to all
variograms in the study area as the variogram values slowly changed. Among 5 repetitive actions, 3rd replicates were
tabulated
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Supplementary Table 2. Variogram and cross variogram with elevation of precipitation in 2017; the variogram modeling
was performed using ArcGIS ver. 10.3.1 Geostatistical Analyst program, and Gaussian models were applied to all
variograms in the study area as the variogram values slowly changed. Among 5 repetitive actions, 3rd replicates were

tabulated
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Supplementary Table 3. Cross-validation of five cases performed via three geo-statistical spatial interpolation on
temperature; bias and RMSE of cokriging results are lower than those of other spatial interpolation methods.

Temperature (°C) 2017.03.31 2017.06.21 2017.09.23 2017.12.24
. Bias 0.91 1.21 0.99 0.92
Cokriging
RMSE 1.52 2.58 1.37 1.15
Bias 1.02 1.24 1.07 0.97
Eventl IDW
RMSE 1.69 2.58 1.40 1.27
. Bias 1.09 1.22 0.95 0.95
Kriging
RMSE 1.77 2.60 1.31 1.25
. Bias 1.10 1.24 0.97 0.95
Cokriging
RMSE 1.98 2.60 1.37 1.38
Bias 1.38 1.25 0.98 1.10
Event2 IDW
RMSE 246 2.61 1.37 1.63
. Bias 1.43 1.25 0.98 0.99
Kriging
RMSE 2.54 2.61 1.37 1.42
. Bias 0.86 1.01 1.03 0.94
Cokriging
RMSE 1.47 1.41 1.43 133
Bias 0.83 1.04 1.41 1.06
Event3 IDW
RMSE 1.40 1.46 3.26 1.42
. Bias 1.06 1.07 1.51 1.04
Kriging
RMSE 1.78 1.46 331 141
. Bias 0.86 0.95 131 1.19
Cokriging
RMSE 1.52 1.35 2.84 2.12
Bias 0.85 0.95 1.33 1.22
Event4 IDW
RMSE 1.54 1.32 284 1.80
. Bias 1.03 1.07 1.01 1.23
Kriging
RMSE 1.72 1.63 1.54 1.83
. Bias 0.86 1.04 1.39 0.86
Cokriging
RMSE 1.30 1.38 3.42 1.17
Bias 0.96 1.00 1.28 0.97
Event5 IDW
RMSE 1.52 1.36 2.67 1.27
. Bias 1.04 1.09 1.26 0.91
Kriging
RMSE 1.66 1.45 2.64 1.21
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Supplementary Table 4. Cross-validation of five cases performed via three geo-statistical spatial interpolation on
precipitation; bias and RMSE of IDW results are lower than those of cokriging and kriging results, which show almost
same values.
Precipitation (mm) 2017.03.31 2017.09.23
B Bias 035 0.94
Cokriging
RMSE 0.53 1.63
Bias 0.10 0.81
Eventl IDW
RMSE 0.30 1.58
o Bias 035 0.87
Kriging
RMSE 0.53 1.65
. Bias 0.38 0.68
Cokriging
RMSE 0.76 1.23
Bias 0.32 0.61
Event2 IDW
RMSE 0.74 1.17
B Bias 038 0.67
Kriging
RMSE 0.75 1.29
o Bias 043 1.02
Cokriging
RMSE 0.69 237
Bias 0.37 0.93
Event3 IDW
RMSE 0.65 222
. Bias 0.44 1.00
Kriging
RMSE 0.71 2.36
. Bias 0.31 0.97
Cokriging
RMSE 0.46 1.88
Bias 0.29 0.84
Event4 IDW
RMSE 047 1.88
o Bias 031 0.97
Kriging
RMSE 0.46 1.93
o Bias 0.32 0.97
Cokriging
RMSE 0.46 233
Bias 0.30 0.89
Event5 IDW
RMSE 0.47 220
- Bias 0.32 0.92
Kriging
RMSE 0.50 233
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Supplementary Table 5. Gridded climate data of Instantaneous temperature and 1-hr cumulative precipitation at Hangang
River Basin in 2017.
Hangang River Cokriging IDW Kriging LDAPS
0331
06 - 21
Temperature
0
0923
12-24
03 -31
Precipitation
(mm)
12-24
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Supplementary Table 6. Gridded climate data of Instantaneous temperature and 1-hr cumulative precipitation at Geumgang
River Basin in 2017.
Geumgang River Cokriging ‘ IDW Kriging ‘ LDAPS
03 - 31
06 - 21
Temperature
O
09-23
12-24
03 - 31
Precipitation
(mm)
12-24




Supplementary Table 7. Gridded climate data of Instantaneous temperature and 1-hr cumulative precipitation at
Nakdonggang River Basin in 2017.

Nakdonggang River Cokriging IDW Kriging LDAPS
03-31
06 - 21
Temperature
O
09 -23
12-24
0331
Precipitation
(mm)
12-24
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Supplementary Table 8. Gridded climate data of Instantaneous temperature and 1-hr cumulative precipitation at
Yeongsangang River Basin in 2017.
Yeongsangang River Cokriging ‘ IDW ‘ Kriging ‘ LDAPS
Ty ey
. . - . ﬁ
- v, 104
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A h .-1.6
06 - 21
Temperature
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0923
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03 -31
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