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Abstract This study estimates and evaluates the daily January temperature from 2003 to
2012 with 30 m-resolution over South Korea, using a modified Parameter-elevation Regres-
sion on Independent Slopes Model (K-PRISM). Several factors in K-PRISM are also adjusted
to 30 m grid spacing and daily time scales. The performance of K-PRISM is validated in terms
of bias, root mean square error (RMSE), and correlation coefficient (Corr), and is then com-
pared with that of inverse distance weighting (IDW) and hypsometric methods (HYPS). In esti-
mating the temperature over Jeju island, K-PRISM has the lowest bias (—0.85) and RMSE
(1.22), and the highest Corr (0.79) among the three methods. It captures the daily variation of
observation, but tends to underestimate due to a high-discrepancy in mean altitudes between
the observation stations and grid points of the 30 m topography. The temperature over South
Korea derived from K-PRISM represents a detailed spatial pattern of the observed tempera-
ture, but generally tends to underestimate with a mean bias of —0.45. In bias terms, the estima-
tion ability of K-PRISM differs between grid points, implying that care should be taken when
dealing with poor skill area. The study results demonstrate that K-PRISM can reasonably esti-
mate 30 m-resolution temperature over South Korea, and reflect topographically diverse sig-

nals with detailed structure features.

Key words: PRISM, fine-scale temperature, geographic information system, interpolation
method, inverse distance weighting, hypsometric method
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Fig. 1. The number of in-situ weather observation stations
working in each year.
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Fig. 4. Digital map of topographic facet over South Korea derived from (a) 16-directions and (b) 8-directions.

(@) 16-Direction_Jeju

(b) 8-Direction_Jeju

A3*35'N

33730'N —

33"25'N —

320N

315N o

330N o

- =

T T T T
126°20'E 126*30'E 126%40°E 126°50'E

12345678910111213141516

126°10'E

Fig. 5. Same as Fig. 4, but for Jeju island over South Korea.

T

gy
Al
=

(98]

Z-iNru&ﬂE

Hong et al., 2007)2} FAFSHAl 842
Y=o AFHE EEA] X3PY5HH A o]
sHAl vERdTE wF
_]
[e}

0
1
=
T e AR 1% 53 A

ZA o2 AbHe] whak ]E,_

I

|

= sEke
FH NW7HA] tgatA veRdt, 16H<H
TEE AFHe YR i A FPH Xdy*i
2 Ak 37 dES 7Y, o AlEskE Fle] &
Aot TR WS 7R AFEE li’%i 2o
HA, F AFgHE 25 AFL HF NE, G5
SE, Aol SW7} Aujd o= JepdthFig. 5). T,
1699 XFgHE AFE Bz NE/} FEHOR

Pttl

—'o' FE

=718 7] 247 15 (2014)

12TE

126°10°E 126°20'E 126*30°E 126%0°E 126"50'E 127°E

UrelbE sk9le] X3k ke Th2A) NNE, NE, NEE
= AEsiEo] terslA ek,

222 7Hs 3A29 71L& SAZ 43

£ Aol PRISMel AH&-E 60712 ASOS &=
ARE ddaze wet EFsIEH Fig. 69F 2t
6070¢] ASOS FollA 1712 #AZ2mHAH)S A9
& 5971 (2F 98%)2] B=27} 300m o3t 9|3
At} o] H]&-& Hong er al. (2007)914 #| A3 87%
B}t 11% © & Zkolth E3F 300 m ©)3tel] 913}
= 59709 #Z4 FAME oF 76%7F 100 m ©] 3+



Q) - AL -

IMMI [E—

200 300 400 500 600 700 BOO @00 1000
Height(m)

Fig. 6. The number of ASOS with the height.

The number of Station
S s B s s PO - TS - =]

i

o 100

AR Yo X} o= B AFolM 714 FHES
el vz E AFAAEC] =] wEt vl E4Y
A ExEE, A= AR AR ANA 349 7%
Z1(B1)7E BIBAA] groz aEg sPsAdel =
= AL ougith ol& sjdstr] flaiA &2 AT
A= Hong et al. (2007)9} 70| =T AA F=
H B 712 FES VIER 394 71e7E Al
A thFig. 7). ©, € HE 71i #ES IS
Hong et al. 2007)3= T2A, & 7+
1973358 20129714 40d ¥
AEY BFAARSE AL oH

Temperature lapse rate

| | 1 L | 1 | | L |
——mean_T

o T I T T T T I T T T
Isidan siFeb LsiMar LsiApr 1siMay lsidun lslul Dsidug lsSep Litki lsiBov lsiDec

Day

Fig. 7. Daily mean of temperature lapse rate averaged over
40 years from 1973 to 2012 and their 0.5 standard deviations
(10-day moving average is applied.).

Table 1. Change in Bi according to each condition.

Conditions Bl
1 Bi <-0.5xStd B1 =-0.5x Std
2 -05xStd< i <+0.5x Std Bi =P
3 B1 > +0.5x Std B1 =+0.5x Std

dotd 105

< AA3] fete] 104 olsHdS FAAT. ¢
B 71 5] +0.5 x Std¢} —0.5 x StdS 7tz 3
A2 71&719] Hazka HAG R AA s TH(Table
D). e 2 A s R 718719 FHagd
HUlgg AdgozN 7 FEY 4 HsHS I
B

23 HE gt

YT 71 F4 e S AW ET] 9
st A 3= 16 A FFHS o8
(°]3} 16Dir-K-PRISM)Z 74 ¥ A
S 71 AFlA AHEE 89 A S o] &3 K-
PRISM (O] 3} 8Dir- K-PRISM), IDW, HYPS HHH
FE 712EF vl BT A5E 8l
A BE®, AAES 22 FAAHA W
(Bias), 224+ (Root Mean Square Error, RMSE),
AH4 Al (Correlation Coefficient, Corr) 52 &3
ol WhHo] o] &E YTt £ AFollA vlwslr] Y3l A
&% IDWSF HYPS WHH2 tha3t 2ot

1‘}0 L]

e ol i
N

IDW: T = { 3 Ts/d: |/ J { 3 1/d2J 3)

i=1 i=1

HYPS: T= H 3 Tsi/dj (z Vd’ ﬂ
i=1 i=1
{ (z Zs/dj (21 1/dfﬂr, 4)
i=1 i=1

I'=-1 x |0.00688
+0.0015¢c0s(0.0172(Julian day — 60))|. 5)

A7\ T} 7= FA st sk B4 AAE e 7]
L3} yxolH, I':e 7d4 7] 7E(Yun er al., 2000)
olth. Tsst Zsie J* AANHES THoRE JTg 17
(100km) <toll 23E o] #=H Tl A &
279 713 =S vt

3. o4z

3.1 §F X[dof cist K-PRISMS| XHE
16Dir-K-PRISMS &3k HA dJof HL35}7]0
SbA, AP EAo] FEI3 AFE o WA
£33l 2012:d 1€ AR 717bel wHe) A ST
AFEes et o= e 9589 Ay
IR AL 9o, IETF T2 SARA AdHoz
& 7]eo], ATt We FHIA AFoz
& 7)ol YEhY= EHo %E}. ol st o=
Fov 1%, AFH, etz 742 A JEu

2 HiE W o

Atmosphere, Vol. 24, No. 1. (2014)



106 PRISM< 0|83 30 m 3l =9] 4AH ¢ 7] 4

@) 16Dir-K-PRISM {6) 80 K-PRISM
33735'N - Bias = -0.85 s ] Bias = -0.85
Rieoe =122 RMSE = 1.22 P Y
w | Corr = 0.79 = g = e
33"30'N = 19°30'N Corr = 0.79 __ s 2 'T‘"f @3
¢_GM o
33°25'N = R _u_g 4 \__.(?;’a
24 . -
4 ‘ y
" o &
320N = 13°20'N ~ = - 4
‘i."- X r ..:EJ'FJ
- © i
IR 115N by LSRR
e '
F310'N — - 130N =
T T T T T T
{¢) HYPS (d) IDW
33°35'N o Bias = 1.26 33035'N - Bias = 2.47
RMSE = 1.40 RMSE = 3.40
2+0n o Corr = 0.76 " : @ | 33030 o Corr=0.02 s B
130N o 33°25'N .
33°20'N 33°20'N
35N 33°15'N -
30N ° 33'10'N o
T | I T L] T T T T T
126810'E 126° XV E 126°3)'E 126°40°E 126%50°E 127 126°10'E 126°20'E 126°30'E 126%40'E 126°S0'E 127°E

Fig. 8. Spatial distribution of daily mean temperatures (°C) in January 2012 derived from (a) 16Dir-K-PRISM (upper left), (b)
8-Dir-K-PRISM (upper right), (c) HYPS (lower left), (d) IDW (lower right) over Jeju island in South Korea (Skill scores are

calculated at each AWS site over Jeju island and averaged).

AE 7| ARE HHe=
ot}

Figure 82 16Dir-K-PRISM, 8Dir-K-PRISM, IDW,
HYPS WHao =z A= 2012d 199 o H7 7]
Bxwol 7k uhH ol akE4ES yehd Folth 1x
3 # 8} 16Dir-K-PRISM, 8Dir-K-PRISM, HYPS
SIS THOE B 7S AMEsia AN,
Aee #sks IDWE 150 wE 7L #o)
& Z YA et Qo) 53] 2 A= Al
Fro 7l BEEXEE F437] ddA sdaxe
60m ool Al AE THA 270e] ASOSHIF
T, AAXE) AE7E AFSEIAY] W), Arlvrel o
FE AL Azt & AFLEY 7 xS 23
e AL oFTh Ax =2 st Al 7Y WY
Zo|A K-PRISMS ZA4=Z 3 16Dir-K-PRISM S}
8DIr-K-PRISMS 1o W 7] 7+A S T
A aEFoEA 712 seite] FAlolA HYPS
Ho} o @A 23t} o]2 ¢ls] K-PRISMS 74t
o7 3l F e —0.859 29 Bias7t UYERE
v HYPSSF IDWE 1.2 o]4e] k9] Bias7} UE
o} e S F U AFHoE A9 HEY, 16Dir-
K-PRISM# 8Dir-K-PRISMZ 2012 1€ AFE A
oo thal 74 W& BIAS (-0.85), RMSE (1.22)$}
7F& =& CORR (0.79)2 7KL Qo] 7] 3
ol g JHET JUFoE =& HoZ YE
1}

AA

o

ekl E& A

oif

_1

e

Fa718ks 7] A4 15 (2014)

ATl I WO SO T R b | ERY (S WY - aws

2 — - = ASDS+AWS

2 4 - = = 16Dz K BRISM
E - = = IDir-K-PRISM
£ 2 == =HYPS

= - - -IDW

1 6 11 16 21 26 1|

Fig. 9. Daily mean temperature series in January 2012
derived from ASOS, AWS, ASOS+AWS, 16Dir-K-PRISM,
8Dir-K-PRISM, HYPS, IDW over Jeju island in South
Korea.

A7 WAl tig 37 48 71HEe] A 5Y
S AR &) A 717kl AFEelA BEE
it 71 2(ASOS, AWS, ASOS+AWS)T 4% o 7
 7]2(16Dir-K-PRISM, 8Dir-K-PRISM, IDW, HYPS)
o] AAIES vt B8 th(Fig. 9). ASOSA
#=g 7|22 AWSE X8l b2 712 A8HT
dliHe® =4 vehd=tl, 2 olf+= Fig. 2904
E F ARl g #AZXHe] HF L A=
3515 m(gs W 921 mE AR o] ¢x)8t7] o
Tolt} &, AWS X FE°] Ha 3L IE 1987 m



Q¥ - S - Yol 107

(23 HF: 117.0 m)E ASOSS} Bl dte] Atz o=
Ao BxE7] wj o AWSS ASOS+AWS S
Wit 712 ASOS9F fHAFgE AlZE HES 7R HA
ASOSET} ¢F 2.0% o] WA yehdt) 4% 7]
2ES AHEY, IEE I %= IDWE ASOS
o, A9 TE FH3E=E HYPSE AWS H
AWS+ASOSS} fALSE oz WiE3dit). 16Dir-K-
PRISM, 8Dir-K-PRISM= #3 39| deig & =
ARIHA, BE #EF AE5HT 722 BA FAeh
o|Z st 719 ztole BE A FH 30m FF=E 7}
A AR Ha 12 AP = AUk F,
AFE Ao 3k 233237570 (e SA I
132,706,37271) AAA L] HE s A&7} 278.6 m
(&3 $A Hi: 1399mE A= AHe HF A&
2o g =7] wife|th. 23422 16Dir-K-PRISM,
8Dir-K-PRISM, HYPSE =5 #= A H 3} A=kl 7¢
o] 3=zt od] HulHd Ha 7] S o4 &
F9 ASOSHT} 1 A Ab&aiA|qt, #39] A7 A
N S FARHA BAFSH.

3.2 L8t ododof st K-PRISMS| XE

B Hole AFEL Ay BAolM FAH 2 A
FHoZ k& Fo] Ui H7HE 16Dir-K-PRISM
o} 8Dir-K-PRISMS ©]-&-3}] et d ¢l gt 30m
71L& AFE 200395E 201297HA AbEsla B4

(a)16Dir-K-PRISM

— e

37°N

Table 2. Skill scores of daily mean temperature in January
derived from 16Dir-K-PRISM and 8Dir-K-PRISM for 10
years from 2003 to 2012 (Skill scores are calculated at each
AWS site over South Korea and averaged).

S. Korea  16Dir-K-PRISM 8Dir-K-PRISM
(MeanT) Bijas RMSE Corr Bias RMSE Corr

2003 -0.70 213 0.82 -0.70 1.62 0.80
2004 -0.59 196 077 -0.57 150 0.75
2005 -024 170 0.81 -024 143 0.79
2006 -043 177 077 -041 177 0.75
2007 -0.67 196 074 -062 192 0.72
2008 -037 171 080 -036 172 0.77
2009 -048 199 081 -049 200 0.80
2010 -043 210 0.84 -043 208 0.82
2011 -026 192 082 -025 1.89 0.79
2012 -033 1.76 081 -032 174 0.78

-045 190 080 -044 177 0.78
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Fig. 10. Spatial distribution of daily mean temperature (°C) in January averaged over 10 years from 2003 to 2012 derived from
16Dir-K-PRISM (left) and 8Dir-K-PRISM (right) over South Korea.
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Fig. 11. Spatial distribution of daily mean temperature biases in January 2012 derived from 16Dir-K-PRISM (left) and 8Dir-K-
PRISM (right) (Biases are calculated at 352 AWS sites over South Korea).
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