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Abstract In this study, we examined a spatial downscaling method based on Gradient and
Inverse Distance Squared (GIDS) weighting to produce high-resolution grid data from a numeri-
cal weather prediction model over Korean Peninsula with complex terrain. The GIDS is a sim-
ple and effective geostatistical downscaling method using horizontal distance gradients and an
elevation. The predicted meteorological variables (e.g., temperature and 3-hr accumulated rain-
fall amount) from the Limited-area ENsemble prediction System (LENS; horizontal grid spac-
ing of 3 km) are used for the GIDS to produce a higher horizontal resolution (1.5 km) data set.
The obtained results were compared to those from the bilinear interpolation. The GIDS effec-
tively produced high-resolution gridded data for temperature with the continuous spatial distri-
bution and high dependence on topography. The results showed a better agreement with the
observation by increasing a searching radius from 10 to 30 km. However, the GIDS showed rel-
atively lower performance for the precipitation variable. Although the GIDS has a significant
efficiency in producing a higher resolution gridded temperature data, it requires further study to
be applied for rainfall events.
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FA SR ] Azl G EE ol W2 A o
3l AREAE Aote el L A A7) 9
s B2 Ada AlZko] E 2 3lth(Heikkila et al,
2011; Cardoso et al., 2012). ©]o| w2} B AFA=
o] A ARERY A= ARS AYrtsle=
T+ R 2dAMSH(Spatial downscaling) 9ol gk
Tkt o2 g R GAIS HHE =
W EAA HoE

o] L FAAFA LR RY FH| BALS
Tt B -gdegdez 433 =
FIYE SR AAke] 7Fs3tH(Lo et al., 2008;
Ahn et al, 2012; Lee et al, 2017). A%, & A
Aol aE, AARY, A%, BEl8 7Y 5
I #AEE B0 EAs.

FAA FE FAE HE 7|EAE TR E 5
AH AL &8st A AAEE Atsle= 719
o2 FAA wWH(Stochastic method; Kwon et al.,
2013; Kim et al., 2014), 4E 2= 9 AT S
AH8-3l= "W (von Storch, 1995; Lim et al., 2007), A
g ABEE ol&s U ol AREHI U &
3] Al TS o] &S U2 74 7o AEY
ANE A TR T, FHAAEZRE FAH
2 FEFAe o3 FIEAE AEE AHEste WY
° 7 Ago] 7hste] tre] AFoA] EgEo] S
H

flo 4
X,

olr

lo

of

o}, #F o] 2(nearest neighbor) A EE AME-3l= W
2= g X ik TGS e s A4
St o] 3k A7 E o] &te] WAaksh= Thiessen
= BE%0] tholo]23(Voronoi diagram) (Thiessen,
1911), EEAH S SHOE 54 v U] A5
Azl 7FEXE F0] WAalsh= Cressman W5 (Cressman,
1959), Barnes *'H (Barnes, 1964), 9A2] 7 (IDW;

sh27)a3E] Ui 7] A|319 235 (2021)

FHIEE 7 B8

Inverse distance weighting; Shepard, 1968) 5-°] U
o] WHEL g2 & M 7Hd vlE) AREE
Alrka]go] A2 el glo] thggt AFelA ARS
FATHDi Piazza et al., 2011). 28y 7142452
ATt olve} e} -2 AP A EAol o5 4
3= A w=Th(Johnson et al., 2000). wkA] AE]
o] JFEAE o] &% A4St WH S shibEe) 7o)
Areto] e A QoM s IEe] FFS RhgskA] X
st SIS 7HKITh

olgfgt BAA WHe SAE FEIAA A+F
Al A (geostatistical) WHo| ZFE T o] Azu¥vt
ol IS EIelE XY ANESERE F7HF
Fag g S dske ARG g Atele W
Holo}, F7H AR AES X e te3AR
o, AlmulE] © 23 (semi-variogram), 3-EAF 3 5
o] A& EATHGuan et al., 2013). HFEZ o2 F7)
ol WMFE AM8dt= 3% =28 A (Co-Kriging;
Journel and Huijbregts, 1978; Myers, 1982)3} 3L
7] (Hypsometric method; Ahrens, 2003), #|o]=]<t
7+ A3 T dl(Baysian spatial linear model), PRISM
(Parameter-Elevation Regressions on Independent Slopes
Model; Daly et al., 1994) 5] Ut} o]2fgt A+%
AA e AYe| gk xHE 53 FAF WUHE
Ho} 22 45S B9 H(Kravchenko, 2003; Reinstorf
et al., 2005).

o] Aol = ARESIALAL Bk A=) AT Al
" (GIDS; Gradient and Inverse Distance Squared)2 7
2o} o thste] AP T dsAdIAE
Ager i g AYS yHAhs HdMe A+F
A " o] Mo &3t} GIDSE Nalder and Wein
(1998)0] <]3] ZQers]ol, Avteh A RAele] A9
SARE o83 9 712 A9 71F Ha A5 A
Aol AFE-ES ) Nalder and Wein (1998)°] GIDSE 4
72l =7 719 (co-kriging, ordinary kriging, detrended
kriging, universal kriging) % 27119] SAA WA (S A
g A, HA2A ol 7IWM)t vl A3, 7123
A ZFellA GIDS7E 7P 2 e HAith E
gk 7]E8] AFEAIA ol vls) Alxbga o] A3A
o]aL 7hdste] 8ol Heldk A4S 7T

GIDS®E vt Ad 545 7= H& AHolA
o] o 7]&xE W4k(Stahl et al., 2006), AAF 227k
AAE AE 2% = 259 Wih(Mohammadi et
al, 2017), € W 229 AARS 0|88 2
T A8 A4K(Tang et al, 2012)°] Z-&=HAL, T
g R AAISE 7] v el £ Aes B8
th(Lin et al., 2002). o]& st 7]& A3 AFAEE
AxFsh=t] 298 WATPd, Flint and Flint (2012)
+ GIDSOl| 7]9kste] A= ARARE et =
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Table 1. Description of the cases used in this study.
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Case number

Case definition

Date

2100 UTC 22 January 2017

Case 1 Minimum temperature (0600 KST 23 January 2017)
. 0600 UTC 13 July 2017
Case 2 Maximum temperature (1500 KST 13 July 2017)
. 2200 UTC 9 May 2017
Case 3 Weak rainfall (0700 KST 10 May 2017)
Case 4 Heavy rainfall 1500 UTC 2 July 2017

(0000 KST 3 July 2017)

AAAR R GAstete A WS aqksiith A
SH)\]—T_‘Z Euﬂo]_,,], _T/_H \ A= =
Jxd IAATE ARt
sE AR BQ %éai il
effect)E & 8t= Zl GIDS #élg_ ﬂ]‘&é}%t}.
e 4E GIDSE zfﬁf& e 2 g 7]
WES BHoR ALgale AAT 715 wd o=
Asene TAdE ARE Y6, o)F Frd
7wz gejsty wde] Hegoza sF A
27} 488 A 71 A7 4RO AT,

= 04?01]*1‘—5 7144 4 FARdESRde] 42
AAEkE sl xﬁu]ag-g IIPNE AJrE AYAE
- alt GIDS 7IW& Tt A|smw o] 483t
o 1 28488 ’é}-ﬁHJAX} st} A R g
e FGX 9] 3km FE A5S Fdshe T4
YL o= A 2"(LENS; Limited-area Ensemble

Prdiction System)°]t}. LENS= ZAEH o & 285
Arbete 2, ol2fgt At Y A5 53t Xéﬁ
GIDS (Flint and Flint, 2012)¢] o]&& &-8-3}%t}. o]
£ B3l etEe] A F EAo] deld g E 4
SAEE A&sty afFoZ A F e Wkt
I 2 AEHSE AAstLAL g

2. 2M Az A AR

GIDS 718 F7F 7+ 5 ZdAIst 711 JEAEE 7]
Ao dE-d F< LENS dSAEE AHEEH
Tk LENS= 717383 AT 485 5 AEHI(EPSG;
Ensemble Prediction System for Global)o|lA] 2F&H 3
AlZE B 7 AR} AAE ALt AAS
Azit=th A" /AR F9H (rotated latitude/
longitude projection)2 ©]-&3l] AM&& FHOZ S
St 99| 3km 473 3460 x 4827 A=A,
A 7070 F AEZF ALY BY AR AR 45
Holm, AZF ©9le] 72A17F e o] A 230000,
1200 UTC) G €t}. 1702] 8 (control member)

2} 1271¢] A5 (perturbation member)Z -/ & o]
noH, o] A= HEHHEREH J5E 1.5m
A~ 7]9_(1:} ] OC)J,]_ 3)\]7]_ ‘—ZJ 71—"[1*4— ] mm

(G hy'1E ARESIAEE 3417 73 73E LENSE 2
ol® HFA $(large-scale rain), HFA 75
(convective rain), F|tF4d = (large-scale snow), Tl

) T (convective snow) 42| Froz AXFsISITh.
SZF TR A 71 e e WUHE SlEl 718
oA 9 FTU AE717¢FHZ7H](AWS; Automatic
A I REE

Weather System)®] 7|3} 3A]7F F

AME-EATH T3 AWS AEE 7]1& Z o] Oi-?Oﬂ
A AL HA 7L, H 7, ok 3, e 7

T AHEE A A TH(Table 1) 7‘ /‘Hﬂoﬂ gk 2t
Algt A I 7= st 719 A&olA AMe
A=

o] AFellA AMEHE GIDS 7I%F ¥7F
7IHE QX9 Axel tigh z*i% HEslste] A
2HE RiYeted 54
AAATE, &
o 23& ‘%‘—’Fi’i"/}. A A
38.5°N, 73 125~130°EZ #| 8F3}33 t}.

3. GIDS 7|4te| B7t =2 &MIst 7|
LENSo|A] AAbe 7143 Y dF AEE ol &
sto] A& s A E AEE AN
sl 8% GIDS (Flint and Flint, 2012)2 A}-&3}
At o] WYL HAR o= AHS 7EeE dF
S AN S AAgste], o] AW oy Az}
AdE e RUAERE F-A, B8, =l o
3 AP ARN S Fdsty 2 IAATE 7
Z(gradient) 0.2 o] &3lo] Ysl= A AEE A
St} Asi = AARE(LG; Low resolution Grids)
233 AAAFE (HG; High resolution Grids)Z
P slslr] 91t B2 R dAsE AL A1)
],

m‘ o>' mlru e l-ﬂ

Atmosphere, Vol. 31, No. 2. (2021)

SEOEL | IP:210.106.82.x++ | Accessed 2021/11/22 11:27(KST)



188 Al A SAE AYLS A7 B =2 A2 Al (GIDS) 71REe] 1k R dAISE 7Y 28

NS Agle AHEE HGY AR A e o
us, Z3= 24 ol 9115k LGSl | A%

oMe] 245 gholth N& 74 oo &31 LG

@ g AAPHES) A Yeit. olu, gamAe LG
:h SPgEnT AL 2 AR dE 7,9 79 5
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92 zpolE YERIT) C, Cy Cx= LG i AR}
gt A, -5, x| Axgtelth ¥kl dgh
2159 A= 32 At 22 12 Agrds vt

Fig. 1. 3-Dimensional schematic diagram of the spatial A 7, g5 Ay 7 B4S B 7 2ol o
downscailing method. 3k S| AAITE FA45tE o7 oAt
REF = REF, + c;'(()_(,- -X,)
5 {ZN Z;+ ClXp = X) + Cy(¥r = ¥) + CulEr — ) + Y = Yo)+ ClE —E) + & )
T i=1
@ REFE 37 ko, 94 /105e 49 25 g
1 N i s N
I[=%] (D) EHPER 02 AHE 5 ok AgsTARAe 4
' Aie sl A5 FAU 2wk (9e] Het
A3 2XHRMSE; Root Mean Square Error)E # 4
Sfehs e FsTt AT e A7l W
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Fig. 2. Distribution maps of surface temperature (unit: K) predicted by LENS of (a) before spatial downscaling (SD) method
and (b) after SD method on 0000 UTC 12 July 2015 (forecasting time: 48 hours) and (c) topography above sea level (m) of the
Korean peninsula. (d), (), and (f) are same as (a), (b), and (c) but for selected area (35.5~36.0°N, 127.5~128.0°E) indicated by
the rectangles with black line in (a), (b), and (c).

g=714eks] 7] A319 23 (2021)

SFEUSW | IP:210.106.82.#% | Accessed 2021/11/22 11:27(KST)



oFoldl - 5ul QG-

sielgte 7+ Amrt 3A HskA gt 7
stell "aghk 21719 A BF AEE o83t I
ATFE AEdlEozA ALt A7k Fole A= 7t
Salt), o] AFAE 20159 AWS B2 REE o]
g3to] I AAFTE AEA. == A W2
A3t 7123} 7Fre] €d 540 tEA YEE
2, 3 AAF A= S5k AHEIdo] &3l €9 A
7 7123 AT A ke Has Fagoe=
AHE-3A T

Al At GIDS 719ke] 7 R AdAIE 422
7 20159 ¥ FI HE o83 A AT APl
W El T E AFEE gFF o7 Yikshex] A
27] §13ld, Ak =2 &S /A= dSl A
S35l 848 AH BT HES Hd 48717 4
Zo] 349 20153 7¢€ 12¢ 0000 UTCS LENS A
EH 2% 93 A3E ARSI JAREE 30
kmZ AA3AS, 37 Ag e 3 F3 e
2 A7hE AWS A EW 229 20159 7€ HT #
S AbgEtth AEH L= a5 =A oFEE=
Heol22 3km =S LENS X EH &%
2a)E kT A ¥ E (Fig. 20)¢F FAFS XS 1O
ot 23y 2 sl AR kR @ E 3
36.0°N, 4% 127.5~128.0°E; Fig. 202 2=(Fig. 2d)
= A¥e] Feu sty Yehe AL B F
Aot F A2 A 71HE J88te] 1.5kme] AL
A= AFE ABAHeE AFKFig. 2b), A8 AR o
ALEtE AP FAEE 22 EXE HoH, oy
st A Yfato]l fX|g AetR|F o] FdjelA o
25 vebdth 37 R AEE A EE e x
= AR E e M fARE FHE 2o, IR
w2l Halsls XEW 228 ¢ F e g Es
& = ok wEbA o] AFlA ALR-E AL & GIDS
718E F7F R AdAIEE 71HES ke e} 7o) Bst
Ay EAAE zhe Ao aFF WHoR wAtehst
o} 22y o= AP & g24S /e 7Y
EWA 2% AR digk Aoz, FUHH A B
NS B8 FAYUSEDY F8 o5 |\ 72
X el 2848 FAHeE AER IR} S

¥

4. 37t 2 MME 7Y M Zo}

FZF AR s 71 el 2848 HES 98 HA
25, HALE, o, Al 471 AHE
A s TH(Table 1). 53E s Es 71743 A4
£ 9 2E7]of| RA|2E (VDAPS; Very short range
Data Assimilation and Prediction System)Z} 523+ 1.5
km=Z AAsh FEg I AR SR g
QFE H23}slHA VDAPS AR S 93 A8

59 AFA 9 189

7Fsds AHRIIflE g AAE AMEElth F
b 75 Z3AMISKSD; Spatial Downscaling)E 4-8-3F

el AMN7AS zkzE 10 km (SD10), 20 km (SD20),
30 km (SD30)= W7dste] A&ttt SLT A=pol
A9 3 vlaetr] flete] AP S AHEHA B2 T
A ®E el o] A4 H (B Bilinear Interpolation)

Abakeict.

A3 gk BI®t SDO] AHs H7HE A% FAA
2 37 X0 gt BtAlE 2 AHMSE; Mean Square
Error)e} t=5~32A|5=(r; Multiple correlation coefficient)
£ AFESith MSE= Auigke]l #ZEE, 12 19
SHETFE B2 AHAEE Yuigith £4 g9 &
= AWS 7] A AHE 7IEeR, o] AFe]
A 7P 7k AR ARE o8-8t A

sttt

41 E|X7|2 Al

HA 71 AHE(Case 1) 20179 199 A4
WS 47108) AWS IFAEE o] 83t 7Fr7F A
A 2 g FoA P @2 HA 7o AT
20174 19 229 2100 UTC (2017 1€ 23 0600
KST)E AA3FAtHTable 1). o] AlElel A& HA7]
22 —12.6°ColH, H=o] d3le] HA7 LS BHAL
E3] 7= AT T RAEME: 475830014 -22.7°C
o] 7bg v FHA7|2o] TZFHJUH

LENS®] FajA)7ko] W2 o F e =2 7ho] 1
3171 918t case 1S HIXAIFGOZ P& w Ho 72
A7k o] dEFAIZFE 7EAE LENS Z3E AMS
SHATE HA OAZE dE(Z71A17F 20179 1€ 224
1200 UTC)F-H H i 69A17F oA Z(Z71A12F 20174 1
4 202 0000 UTC)7HA 12A17F 7+4 €] 67] LENS 4
& A2 331, 242 h09, h21, h33, h45, h57,
h69% 3T =3 ® LENS R85 ALg-3le] o]
ZAFYAHo] 28E BISH 10, 20, 30 kme] 724k
Aoz F7F R AAEE SD10, SD20, SD30S A
sl

olF, AHFH FTAXZE dFAHTE HIHe] 4
3 AWS 7]-2°] the MSES} r& &3+ Th. Figure
3& BI9} SD10~302] of|ZA|7F E MSES} ro] Ws}o]
ot ZE o =A7t] s BIt SD10~302 0.86 ©]
de] 1 #E Bl 99% 2lF =l fFodh =& A4S
H S THFig. 3b). ©]= case 19 g LENS2] 7] o
= Aol 7NEHeR §58e vt o SA7H
o W2 AFE AFHEH, P B/ dEAE 7}
A= h09lX] MSE= #HAazhe Holal r2 7 1o
AR S B o E5A%0] 7P =58 1T
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" (a) MSE for case 1 (b) r for case 1
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Fig. 3. (a) MSE and (b) r performance of AWS observation verse BI, SD10, SD20, and SD30 with different forecasting times
for case 1.
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Fig. 4. Distribution maps of 1.5 m temperature (unit: °C) of (a) AWS observation (OBS) denoted by circles with topography
above sea level (unit: m, gray shading) and (b) BI and (c) SD30 for h09 of case 1.
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dech 4A #2AES O fARIY
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Fig. 5. Distribution maps of 1.5 m temperature (unit: °C) of (a) BI and (b) SD30 with AWS observations denoted by circles,
and (c) topography above sea level (unit: m) of the selected area (37.0~38.0°N, 128.0~129.0°E) for h09 of case 1.

GIDSE &3 AP gy} vkl s elsr] flsl, 7H4
A5z o] E=A YERE h09oll 4] BI2t SD 7]
£ B¥E 49 B YHFigs. 4b, c). olul], AA| =3k
o] HlwE ) 72+ AWS 8 7]L 7S AFH x|
FHst] YelithFig. 4a). AWS #2S Amud,
Sk dAA 0°C ©]3te] 7] ®E7F YERTH
FHA A —15°C o]3le] W 7]o] TFHG,
53] 7 GAA G —20°C olste] 7 W 7]
20] Yehth Q7 Gold s 7] 20] Eolx L,
AEpds 9AE sliQtellA 7HE =2 -2°C o]/ 7]
2o] F=HU} 7128 1k FGEgFS 1] uEd
2o YmoA s g aba g} Akl g vl Eek Aket
Aol A vl v 7|& B E BT o]y o
Sollre] 71 E¥= BIS SD30CIME fFAFske], o
A Ao AHE A& =2 A (Fig. 3b)o]
TELEAME BEs] YePES 913 & ot 18
U SD30S 37+ R HAIEE Bl AP adE dt

o2
ot
i
i
Y
rlo
:(l){é
ox,
k1
(o
@
T
io)
p

w
N,
ot
=

3] SD30-> B, 2} 3 A AR o
A APAE7t 2555 7]20] Yolgo] t FE
Al Yehd, o] e 7] HelE Wike] RojE

QL e R A a3E o A g
Q371 f8te, tiAH FH A <9 (37~38°N,
128~129°E)°ll A 2] BI®} SD30S AP A=
tHFig. 5). LA ke AA] FHol|A] AujE ule}
Zrol(Fig. 4), BIETE SD30°IA APF1x Hxet o
AR At Ex7F JERgTth 58] AFaxrt
=2 AYAE= SD307F BIETE ¥ W 7|2 32
RBo|x, NP wrt e QM= SD307} BIE.Th
o F 7eS B, Ik STt ) WA= 7]
=0 5ol ¥k AR AAlstE Fal o F3lsk
T

AP wo] wE BI9t SD30] A5xlo]S AWS &
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Fig. 6. Distribution maps of 1.5 m temperature (unit: °C) differences between (a) AWS observaion (OBS) and BI, (b) OBS and
SD30, and (c) BI and SD30 for h09 in case 1. The shading denotes topography above sea level (unit: m).

Eagele] HlnE Bl AFHEITH WA, AWS X
AeA 74 77k AAFe] BISE SD30 #< ol&

o] #=7]L0] tht BIS} SD309] 712 HA BE
APzl FH st eI THFigs. 6a, b). T3

3l BI¢} SD309] #x}= LENSY oZAztol] =4

E32 2, AWS #= 7]20) i3t BI9F SD30 HA}
AR XS B Avkdog g9 AR} A
A eSO, o] LENSOA Rojg 7]Lo] 3
Zx U 9wt glabea) Aalabel gl of
Gxre] A Puwerh w& Ao o] HAL
YER} LENS 7]20] #Zof vls)] =74 Rojd AS
golg = . ¥ = AR <13 ais
b B 7] 95ke] Blol|l thdk SD302] kol S Aby 1 gk
ThFig. 6¢). SEA1 LENSOA] 7]0] WA RejH
AoX e Fe] AL FE YE o, 70| EA
RO AYPITrt & AAolM = &2 HAF F
oAl Yel, AFS a3 37 A5 GASE T
d SD30oIA HZ3te] HAPrh sl USS Sl

1
3
9
g]

g=714eks] 7] A319 23 (2021)

F 9tk ol S BANE AHEE Bkl BIw.
o SD30°] dlE4%o] ERR A} A A
Feoz, TAYE e AR A A AFE
% GIDST AT 35, YWAS o|FHF WA
Hh AR ole} BEIE o FARES &
F4Q1 GAEE ol iR S HAT  Ark.

4.2 7|2 AR

31712 Al (Case 2)= 20174 799 ¥4
HAFo] gIF-E 30°C o)ie] 71 BEE Holw,
3] AFAANIT: 47283)004 79 F M =&
ZE21 39.7°C7F vERE 20179 79 139 0600 UTC
(20179 79 159 1500 KST)E A1 831 tH(Table 1).
o]F, case 25 EX Aoz IS w Hu 72417+
olfe] o= A]7HS 7Kl LENS ZFAE A3
o} FA& 18A17F Al E&E71AZE 2017 7€ 12¢ 1200
UTC)F-H ol 66A17F ol|S(Z71A1ZF 2017 72 10
o 1200 UTCY7FA] 12A17F ZHH 2= 57H€] LENS 3}

B4 ol

SFEUSW | IP:210.106.82.#% | Accessed 2021/11/22 11:27(KST)



oo 0]—% . _C])__/":El_]_ . 714'1[*%

5 (a) MSE for case 2

‘o594

A - vkrd 193

A

(b) r for case 2

0.80 L
4.0 B/B/E—E
0.75 - 7 = a |
3.5 1
L [ —
n
=
3.0 1 0.70 o
—6— h18
—%— h30
25 1 —5— h42
i 0.65 —&—h54 | |
—&— h66
2.0 T T T T T T T T
BI SD10 SD20 SD30 BI SD10 SD20 SD30

Fig. 7. Same as Fig. 4 but for case 2.

38N —2 -
37N —
36N

35N —

34N

125E 126E 127E

1500
I 1400
1300
1200
| #1100
1000
900
800
— B8 700
600
500
| 400
300
200
100
128E  129E  180E
c) SD30
36.75
36
35.25
34.5
33.75
33
32.25
315
30.75
30
29.25
285
27.75
27
; e 5 26.25
s 5 25
1 I f f

125E 126E 127E 128E 129E 130E

125E 126E 127E 128E 129E 130E

Fig. 8. Same as Fig. 4 but for h66 of case 2.

AF}E FHEeH, 247 hi8, h30, h42, h54, h66
o2 wgrsaln. olF, 75 LENS A& & AMg-st
o] BI®} 10, 20, 30 kme] AMu7ol g SD10~30
< AT

AkE AEE ARESle] AWS 7129 tidk B9t
SD10~302] <&A17F ¥ MSES} r g zdl==

EPATHFig. 7). BE SA17H4 Bl SD10~309A]
99% A F =] F2]8 0.67 ode] r Fhol AEHAL
™ (Fig. 7b), ©|= case 1 HT= RA|TF case 22| LENS
71 2o Ans #AZI FoneA w2 Aol 3
& HAFET oS A7k w2 A3E MSES} r 7
S Eal AH R, case 13 HHIE 7 71 (S

Atmosphere, Vol. 31, No. 2. (2021)

S8t | IP:210.106.82.#+% | Accessed 2021/11/22 11:27(KST)



194 AT FH] 4

i

7kl heeollM £ AeS BRIt 23y A7k
o #AIglo]l SD10~300] BIET} £& 458 Holn,
A7 o] 10, 20, 30 kme 2 HolAFE HZ=3}9)
o] moRE A= case 13 YA YERith

Case 294 71 &S] do] A1 YERd he6
oA 2] AWS #H=3} BI, SD302] 7]& EXE AuH
SITh(Fig. 8). AWS &S AW HH, Ha glFEo]
30°C o9l 71 BXE Bt A M= A
& A7E FHoR 120l YH|Fden, AP
Tt 2 A AGoX = HluE g 7] I
HA S=7F RoldFE 720 FolRA, AT
5 THOZ 35°C ool &2 7|0] #=H L) Bl
9} SD302 AWS 3] H|F| shit: giRie] XYy
oAl O w2 7]o] YER} LENSS] 7]20] BA &
ogS L, APt B g, 24, &
WA o] Alz|oAlE LENSS| 7]0] E7 R
o] case 13} FAFH 235 BATH #=3 Bl SD30
b 7139 Aol UJAIRE St F7HA
72X B5F FAREA, ro] 0.76 o]l =2
o] Yehd o2 HOItKFig. 7b). BI$} SD30<
B3k A% case 13 53 SD30oA gt
Aol wtodd o MY 7| EEIF JETh 2
ATl A YJER A= 28R % SD303 BI Afol<] 2}
o] g BExoM= HA7I AlEl(case 1) PI7EA]
2 A YGeA Fo] Azt F2 YERESL YA
Aol Fe] HArt deh, 37 45 AskE

A5 RS $15 -2 72 A (GIDS) 718e] B2k TR

gAIsE 7T 28

ol

I EAY =4 BoHA A7t dSEHAeS
gkolgl 4= A tH(Figures not shown), T3k SD2| 7
HE7go] 10 kmollA 30 kmZ AZFE ¢ AL &
g Byon #H=3le] a7} dlEE FEE #
A tH(Figures not shown). 15 F3l Zi7] ALl
M= A&} AEE HFER e I A= st
71¥o] Avrs x# g WAHED o $2 A5
< BHAE T 5 AU

M _I% ol

70

£ U WHoE BASIATHTable 1). kst 7
T Atel(Case 3)© A€ 727 2 SAHE, HeEEE
SHoZ oF 5mm 3hy! olake] 47 HA A
320174 59 9 2200 UTC (2017 5€ 10¥ 0700
KST)E ARttt Zgh 744 Al ks F7o)
10mm (3hy' o142 A7t s, 53] 37
ER09 FAEE FAOZ 30mm 3h)! ol %
3 ZFE7E AE 20173 7€ 29 1500 UTC (20179
7€ 3Y 0000 KST)Z A4 319t}

A 5 B 73 AZke] dojd4E QA
o] WY& wiiTol FHu) 36417 ol 9] ¢l & AJ7E
7}Ai= LENS A5 ARE-skSltt. oFst 734 Al
22A17F of|E(h22, 271A1ZF 20179 5€ 9 0000
UTC)Z 34A17F ol Z(h34, 271A2F 20173 59 8Y

it &2

" (b) r for case 3

o (a) MSE for case 3

—o— h22
207 G\e\g\e 0.5 1 w— h34 | [
w 157
%) — 0.4 - SRR
= 10 — = 7 T
Vv 0.3 ] L
0.5 G”e—/“e—’@
0.0 . : . ; 0.2 . . . :
BI sb10 SD20 SD30 BI sD10 SD20 SD30
(c) MSE for case 4 (d) r for case 4
200 06
] —o— h12
180 1 —— h27 0.5 ] VW L
L ]
) 160 - “— 0.4 - L
2 1
140 ] 0.3 ] e—e—6—9° |
120 . . . . 0.2 : . : .

Bl sD10 SD20 SD30

Bl SD10 SD20 SD30

Fig. 9. Same as Fig. 3 but (a) and (b) for case 3 and (c) and (d) for case 4.

S=r71248ks gl 7] A|319 23 (2021)

SEOEL | IP:210.106.82.x++ | Accessed 2021/11/22 11:27(KST)



38N

37N —

36N —

35N —

23 130 : : =
34N = PE— . |
125 126E  127E  128E 129 130 1256 126E

(d) SD20
1

36N —

35N —e-e--

+ - e S EL :
128E 129E 130E 125 126E 127E 128E 129E 130E

(¢) SD30

! f

N - 38N —=

3TN

T

s S I
j

....... L. 35N —---- 3-8 S —

125E 126E

T T : [ f i
128E 120 130E  125E  126E 127 128E 129 130

Fig. 10. Distribution maps of 3 hours accumulated rainfall [unit: mm (3 hr)™'] of (a) AWS observations (OBS), (b) BI, (c)

SD10, (d) SD20, and (e) SD30 for h34 in case 3.

1200 UTC), 733t 744 Abell= 15717 4l 3(hls, 271
AlZF 20179 79 22 0000 UTC)SF 27417F ol Z(h27,
%2747 2017@ 7€ 1€ 1200 UTC)2] Z+zt 27019
LENS 3 A5 FystaL, o] AREste] o|FAl
Fabso]l 489 BI 10, 20, 30 kme] AMANAO
2 37 95 AAEkE SD10~-30S AAkskit

o, 7+ Al W oSS A flE AWS
3NZE F3 A5l thek MSES}F r& AHE 3 th(Fig.
9). Case 3& MSE®} r 3+ EFollA h347} h22Hth £
2 Aeg BHIoU, BE olF AlZke] 04 ol&te] ¢
e Hol 99% AF| o) folaht e Aol UEL
W th(Figs. 9a, b). Case 4= MSE oA+ h157}F h27
Hop £2 458 B0, r @2 h27dlA o w2
Aol YehstthFigs. 9¢, d). ZEU RE o SA|7F
oA 0.5 ol&te] r S Ko 99% AlZ| e {2l skt
W2 o] vEbstth 22 BlEY SD10~300] #
=3 o ks dAgd o] A-ASFE Aol H
AAE 542 4 712 AEe L

olg s FAA FAE Ayl Sl AWS H=3
BI, SD10~302] 3AI7F 74 7k X5 AT EIT
Figure 102 case 3914 r ol ¥lwa &=A vepd
h342] 7} BXo|th. AWS EX Lo A7|wet =

HAEE FA 2= Y Y2 A5 9494 5mm
G hy! muke] ok 7447} #EE QY ThFig. 10a). Bl
9} SD10~30X = 271¢] 24 o] YefuAg, &
Zo) HlF FAZ AA We FJHE B Jrdre}
AAREINE 57} ASH A T 47] B3
2 4 MY AT FPRES FHOE Tmm Ghy!
ol’ge] 74k Uheht LENSS] 57k S melge
2= At} Figure 11 case 4914 r 3ol =AYEt
h27¢8] ZFgREFolth. AWS B XA & ke =
FE FAHOE e W2 73 Fo] &5 30
mm (3h)" ool A3 A Foo) T wgom
A8tk BISE SD10~30904E A=Wt T4 W
o A3 g% g Fe Fujdl 45 3ol
Gt FHo eI, 53] 70mm (h)! o)l
g de] A2 ZAA AP Tk HAA=Z
}r7E BEER] 2 AR APE AR
m (3h)" °o|AY At dZE o], case 39 7
ENS9| e Zo] A Re)Eg B olzfgh
e} ko] Aol = ]l case 39} 4004 €]
fo] WA AEFHUSS IR

GIDSE 433+ 7%, case 39} 4 &
o7t &3l AS B S Q)

i}

(A

o
ol

rr
N

o2
;‘H-‘BO

> o\

5

Atmosphere, Vol. 31, No. 2. (2021)

SFEUSW | IP:210.106.82.#% | Accessed 2021/11/22 11:27(KST)



196 < H3t A=A Al

W (GIDS) 718ke] FZF 5 A5} 71 &8

(c)SD10

| |

37N 7N

36N

36N —

35N

38N e

a7n :

36N

35N —

s e . =
125€ 126E 127€ 128E 129E 130E 125€ 126E

(d) SD20

128E 129E 130E 125E 126E 127E 128E 129E 130E

(e) SD30

38N —=

37N —

36N —

35N

37N —

36N

35N —

T T - T T i

125E 126E

128E 129E 130E 125E 126E 127E 128E 129E 130E

Fig. 11. Same as Fig. 10 but for h27 in case 4.

HWoldrE dslE= Y=ot AR oles A3
ok MSES} r 3F e =o|A] BIE T} SD10~309]
7t A Ak, AARbgo] 45 Aol o
1 AW 4 Q) AR AR EE ARy
%H HU= LENS A3l 24 oEslez &
a7t YA = gtk S 5] 3
2ksl2 Q1gh SD309] AN Zhgkel v
FH AR ARE Ao EN et HEs &
A2 s 7Fsste, 2= AgA Aozl GIDSE
35 gitg oz 7gishr)de FEI7E e Aes
shetEn

o}
s
7hAde
He

LL_IZinN

d o & X = ol ukr 1) rlr K

o] A+e Bt N¥H EAS HP%'EM /ﬂ%é}
I A3l JI|AE ]cﬂzx}g% AP AL

GIDS 7|®ke] F7+ R Z3A
GIDS= X% 7—:11}  AES 98

g2 A 2jolg} BZowHE dojX 89 F7H
AEE o] &3t} ol 7d TS B3 XY
< 1S AFLFAA FE St besive
Aol . F8 041% Hapol tigh 84 A5S ¢
&, GIDSE 71’44 A LENSY 7123 7 o=

g=714eks] 7] A319 23 (2021)

0B

AH 24 A3}, LENS =

o= Ao TAAE A5t A5 A geld GIDS
P F2F T A 7ol G WAl vl 5

< B3k A Fo] aelE AldE Feje] 7]
2 As7F ALEJ e, HA7|eH Hav|2
ARl RAFlA Abet Zl’% ; Ao vepd HA
o] meol7} FAEAA, AL 10, 20, 30 kmE
WH7sh 283k A3 Z%HJ%‘O] Ad+s M =&
7t ZAch

& AHME SAIA AR A
TE A 7ol e WAkl Bls|
7AW, AN o] AdSFE Jid a5
Wk SHA|RE A BEE AT EH
st 7Y 3 A A A «1 7}
Hol|X| gt o= 7y}t He FHZ Lo
JFads l’uﬁd GIDS % % A2 Broe
F&7k ek E LENS7F ol 53 7w
3ol o9&y wiZel, o] BT QAE S5
e S Bich

Ao R GIDS 7 HPQJ 37 R
& AR 25Tt A&H o A T JIF

N

=T o
W?
oX i

3 W e

rﬁ
ot
o
s i

=

o ox £ off o

o]-J
i

0.8,
o
|o
u

(
==

o

o ) 1x
feMe =2 XN 2 oo Y

08t | IP:210.106.82.x+% | Accessed 2021/11/22 11:27(KST)



Fobdd - 950 - PFG - 0]5 S 7

2 ARH 2= 73 22 W] M=
< A= B ol d A 7)ol el o
ojEmrt #dsy] Wees At ARt Y
&

AoA] AT o AGgFow EALEH
sl 2ol Bls| A o3k FaFo] 7]
M ZFHE BHolA] Rt ol € H ©]
7] FAE e axet fastA v
TS A AHAAAT Hrhs 7S
At 4 Itk(Daly, 2002). 2L}
gk ettt ete Aot oo Ak
AG Aol ol FFs S F UoHF
(Kim and Chun, 2000), #| &+ 4tet of oA 2] 7]
]

o

it o

e -
0 X
i,
ooy
it

of,

to 1o N o> & g rlo o df O
N
fu
i)
o
o

i
rlo
N

] 7po] e F7h Ao Was Aow B
oIt}

o] A7 Az 7% Wk @ 714 s 5ol
2 VAR a2 A= 279 B2, GIDS 7] 2
7R s 1Ee Ba TARE SR EA 2
B AzE ANEE TS ANGUT o] WHE 5
B TAE =S 99 Hope Az AL A
e &

'3
oty
o
[o i ofy -
U rlo

3, W8l 5
Al Avele 2 2 4
W, 59 @ AL el wala}
Axse 9 Aoz g,

#Ael =

o] AT 71 <T7173AIXISee-Av |70 AT
A 5 (KMI2020-01412)>2] AP o2 F3) =& T

REFERENCES

Ahn, J.-B., J. Lee, and E.-S. Im, 2012: The reproducibility
of surface air temperature over South Korea using
dynamical downscaling and statistical correction. J.
Meteor. Soc. Japan Ser. I, 90, 493-507, doi:10.2151/
jmsj.2012-404.

Ahrens, C. D., 2003: Meteorology today: An introduction
to weather, climate, and the environment. 7th ed.
Brooks Cole, 624 pp.

Barnes, S. L., 1964: A technique for maximizing details in
numerical weather map analysis. J. Appl. Meteor. Cli-
matol., 3, 396-409.

Cardoso, R. M., P. M. M. Soares, P. M. A. Miranda, and
M. Belo-Pereira, 2012: WRF high resolution simula-
tion of Iberian mean and extreme precipitation cli-
mate. Int. J. Climatol., 33, 2591-2608, doi:10.1002/

0K

A - vkrd 197

Ay

joc.3616.

Case, J. L., J. Manobianco, J. E. Lane, C. D. Immer, and
F. J. Merceret, 2004: An objective technique for veri-
fying sea breezes in high-resolution numerical weather
prediction models. Wea. Forecasting, 19, 690-705.

Cressman, G. P., 1959: An operational objective analysis
system. Mon. Wea. Rev., 87, 367-374.

Daly, C., 2002: Variable influence of terrain on precipita-
tion patterns: Delineation and use of effective terrain
height in PRISM. Oregon State University, 1-7.

, R. P. Neilson, and D. L. Phillips, 1994: A statisti-
cal-topographic model for mapping climatological pre-
cipitation over mountainous terrain. J. Appl. Meteor.
Climatol., 33, 140-158.

Di Piazza, A., F. Lo Conti, L. V. Noto, F. Viola, and G. La
Loggia, 2011: Comparative analysis of different tech-
niques for spatial interpolation of rainfall data to cre-
ate a serially complete monthly time series of
precipitation for Sicily, Italy. Int. J. Appl. Earth Obs.
Geoinf., 13, 396-408, doi:10.1016/j.jag.2011.01.005.

Flint, L. E, and A. L. Flint, 2012: Downscaling future cli-
mate scenarios to fine scales for hydrologic and eco-
logical modeling and analysis. Ecol. Process., 1, 2,
doi:10.1186/2192-1709-1-2.

Guan, H., X. Zhang, O. Makhnin, and Z. Sun, 2013: Map-
ping mean monthly temperatures over a coastal hilly
area incorporating terrain aspect effects. J. Hydrome-
teor., 14, 233-250, doi:10.1175/JHM-D-12-014.1.

Heikkila, U., A. Sandvik, and A. Sorterberg, 2011: Dynam-
ical downscaling of ERA-40 in complex terrain using
the WRF regional climate model. Climate Dyn., 37,
1551-1564, doi:10.1007/s00382-010-0928-6.

Johnson, G. L., C. Daly, G. H. Taylor, and C. L. Hanson,
2000: Spatial variability and interpolation of stochas-
tic weather simulation model parameters. J. Appl.
Meteor. Climatol., 39, 778-796.

Journel, A. G, and C. J. Huijbregts, 1978: Mining Geosta-
tistics. Academic Press, 600 pp.

Kim, D.-K., and H.-Y. Chun, 2000: A numerical study of
the orographic effects associated with a heavy rain-
fall event. J Korean Meteor. Soc., 36, 441-454 (in
Korean with English abstract).

Kim, M.-K., M.-S. Han, D.-H. Jang, S.-G. Baek, W.-S. Lee,
Y.-H. Kim, and S. Kim, 2012: Production technique
of observation grid data of 1km resolution. J. Clim.
Res., 7, 55-68 (in Korean with English abstract).

Kim, T.-J., H.-H. Kwon, D.-R. Lee, and S.-K. Yoon, 2014:
Development of stochastic downscaling method for
rainfall data using GCM. J. Korea Water Resour. Assoc.,

Atmosphere, Vol. 31, No. 2. (2021)

DS | 1P:210.106.82.%x | Accessed 2021/11/22 11:27(KST)



198 AT SR G E2AE YRS 913 AT - AT AlFH(GIDS) 718k F7F R

47, 825-838, doi:10.3741/JKWRA.2014.47.9.825 (in
Korean with English abstract).

Kravchenko, A. N., 2003: Influence of spatial structure on
accuracy of interpolation methods. Soil. Sci. Soc.
Amer. J., 67, 1564-1571.

Kwon, H.-H., T. J. Kim, S.-H. Hwang, and T.-W. Kim,
2013: Development of daily rainfall simulation model
based on homogeneous hidden markov chain. J.
Korean Soc. Civ. Eng., 33, 1861-1870, doi:10.12652/
Ksce.2013.33.5.1861 (in Korean with English abstract).

Lee, J., J.-B. Ahn, M.-P. Jung, and K.-M. Shim, 2017: A
study on the method of producing the 1 km resolu-
tion seasonal prediction of temperature over South
Korea for boreal winter using genetic algorithm and
global elevation data based on remote sensing. Korean
J. Remote Sens., 33, 661-676, doi:10.7780/kjrs.2017.
33.5.2.6 (in Korean with English abstract).

Lim, Y.-K., D. W. Shin, S. Cocke, T. E. LaRow, J. T.
Schoof, J. J. O'Brien, and E. P. Chassignet, 2007:
Dynamically and statistically downscaled seasonal
simulations of maximum surface air temperature over
the southeastern United States. J. Geophys Res. Atmos.,
112, D24102. doi:10.1029/2007JD008764.

Lin, Z.-H., X.-G. Mo, H.-X. Li, and H.-B. Li, 2002: Com-
parison of three spatial interpolation methods for cli-
mate variables in China. Acta Geogr. Sin., 57, 47-56.

Lo, J. C-F, Z.-L. Yang, and R. A. Pielke Sr., 2008:
Assessment of three dynamical climate downscaling
methods using the weather research and forecasting
(WRF) model. J. Geophys. Res. Atmos., 113, D09112.

Mohammadi, S. A., M. Azadi, and M. Rahmani, 2017:
Comparison of spatial interpolation methods for grid-
ded bias removal in surface temperature forecasts. J.

sh27)a3E] Ui 7] A|319 235 (2021)

0K

A Y B
Meteor. Res., 31, 791-799, doi:10.1007/s13351-017-
6135-1.

Myers, D. E., 1982: Matrix formulation of co-kriging. J.
Int. Ass. Math. Geol., 14, 249-257.

Nalder, I. A., and R. W. Wein, 1998: Spatial interpolation
of climatic normals: test of a new method in the
Canadian boreal forest. Agr Forest Meteorol., 92,
211-225.

Reinstorf, F., M. Binder, M. Schirmer, J. Grimm-Strele,
and W. Walther, 2005: Comparative assessment of
regionalisation methods of monitored atmospheric
deposition loads. Atmos. Environ., 39, 3661-3674.

Shepard, D., 1968: A two-dimensional interpolation func-
tion for irregularly-spaced data. Proc. The 23rd ACM
National Conference. New York, Association for
Computing Machinery, 517-524.

Stahl, K., R. D. Moore, J. A. Floyer, M. G. Asplin, and I. G
McKendry, 2006: Comparison of approaches for spa-
tial interpolation of daily air temperature in a large
region with complex topography and highly variable
station density. Agric. Forest Meteorol., 139, 224-
236.

Tang, L., X. Su, G. Shao, H. Zhang, and J. Zhao, 2012: A
Clustering-Assisted Regression (CAR) approach for
developing spatial climate data sets in China. Envi-
ron. Modell. Sofiw., 38, 122-128, doi:10.1016/j.env-
so0ft.2012.05.008.

Thiessen, A. H., 1911: Precipitation averages for large areas.
Mon. Wea. Rev., 39, 1082-1089.

von Storch, H., 1995: Spatial patterns: EOFs and CCA. In
H. von Storch et al. Eds., Analysis of Climate Vari-
ability: Applications of Statistical Techniques, Springer,
231-263.

DS | 1P:210.106.82.%x | Accessed 2021/11/22 11:27(KST)



	고해상도 수치예측자료 생산을 위한 경도-역거리 제곱법(GIDS) 기반의 공간 규모 상세화 기법 활용
	Abstract
	1. 서론 
	2. 분석 자료 및 사례
	3. GIDS 기반의 공간 규모 상세화 기법
	4. 공간 규모 상세화 기법 적용 결과
	5. 요약 및 결론
	REFERENCES


