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Abstract

This study generated and evaluated the high resolution (5 km) gridded data of monthly mean, maximum and minimum
temperature from 2002 to 2005 over South Korea using a modified PRISM(Parameter-elevation Regressions on
Independent Slopes Model: K-PRISM) developed by Daly et al. (2003). The performance of K-PRISM was evaluated
by qualitative and quantitative ways using the observations and gridded data derived by inverse distance weighting (IDW)
and hypsometric methods (HYPS). For the generation of high resolution gridded data, geographic informations over
South Korea, such as the digital elevation, topographic facet and coastal proximity, are derived from the 1 km digital
elevation data. The spatial patterns of temperature derived by K-PRISM were more closely linked to topography and
coastal proximity than those by IDW. The K-PRISM performed much better than IDW for all months and temperatures,
but it was equal to or slightly better than the HYPS. And the performances of K-PRISM were better in the minimum
and mean temperature (winter) than the in maximum temperature (summer).
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256 GIS9} PRISMS 0|83t TajAte AzE 7| eAp2 24

8] Slalde Be 4ol B547t Basth B4 @
BhEe] A4 7SS of 700140 §219h4 e} o
4509971 9] AE7|A T2 A AH (Automatic Weather
System: AWS)9] 9ja] o] 2o1A| 5L ek, o] BEHLE
& 3oz vny FEeA BEHol e £ 1
o] |5k, HA| WZ49] oF 87%7} 300 m ©]5}e] 1=
of #3Eskar UL, AWSE] Z9- oF 500471 9] HS547F
NEE FHOR R UFH] U= 5, B2
Aze] 22| Ml B @Ao] stk (Fig 4 H2).

BE4E S5 DAY 449 AR E
HEshe A2 AAA L2 vl vjE A A 0]7] ufZo]
oo R 2T 7o) AElo] ot Harx
o ABEA 7|UEE F2 ase] FAR0] B
Ao w2t Aot 7S WA= A Y A
S| sHA| 7H2E Fol AR ARrES AHESHA
t} (e.g., Barnes, 1964; Cressman, 1959). ©|2{3l 54|
ol 24 WSS 714 B 5 WS ATl 9lo]
A 3A 71998k Zo] AHHolA|Rt, o]z|gt ke =
= o] TINE AR AR S Ak ol
A7} ek ({21 2], 1998; Chao and Chang, 1992;
Ekstrom and Chappell, 2005). T3}t tj 52| 7|4k
A& 72t ofus nEe} 2L Fule] A gaty
Ao = B2 FekS W=t} (Johnson et al, 2000;
Perry and Konrad, 2006). Whx =A% 7| SEHS
EEY 5 Yt TAE A3 71 IAR AES 9
M= A Qo Tme) e chepst 7| FelAEe
e Lefet AR AVEA 7199 Aol B
3}t (Daly et al,. 2003; Daly, 2006; Johansson and
Chen, 2003).

FANNEEALS e 5 Y= TAHE F24Y
A2 715 A= A 7IjelA 7 SA7E Ueke
ulolck. .27 FRefshol s o] 159 AR
olf gt 7| TAR 9] RS 1Ak Hu| tiF oA
o] T M7 | FAR AES skl thazhe] A
T= #A PRISM (Parameter-elevation Regressions
an Independent Slopes Model)o]2t+= L3JAE AR}
g 7]13A 7 A =2 /ST (Daly et al., 1994,
2002, 2003). 0|52 7| T840 A| - F7F WHFo FF
< TAE 845 77 9fol= 2=, A3 (topographic
facet), 3= (coastal proximity) 52| 48] 7| EAA=
= 1AL, A= vl= Ao ) AHe=
NFARE AEstel YA AL s oot
(http://www.ocs.orst.edu/prism). ¥t oL g} 2|42

ol 972 2t 7| FelRjo] gt /1] 24 5L ) 4
A Amo] A 528 AT 9lck (Daly et al,
2003; Dogget et al., 2004; Daly, 2006). 3}t T2 =7}
SoX % XA E (Geographic Information System:
GIS)E 83}y 7|48 49 7|3 (Climate map-
ping) & AFE5H7] fI7t B2 A-E0] o|FolAaL Q)
t} (Blennow, 1998; Ninyerola et al., 2000; Perry and
Konrad, 2006).

F|Zolle Il E FARDY 7|so] Wadho
et 271279 JHAS sl A" AEEA 719
do/do| FEHA ABEA 7)ol gk bRt
T7F o] R AL QUek (-84 €, 1998, 2002; o] 2k
9], 2005; 23t HFH, 2006). E3] A=
7198k A o = AR B gt A
L o] RoR|AL ok (7R, 1992; A&} &
21, 1992; A19kg-3} 24743}, 1996; 419HE- 9], 1999).
ATHE 9] (1999)= AB-71F HAE st G4t
A8)715 (Inverse distance weighting: IDW)of| 2]t
Azeigle) 9 AR FHsE o Wy
& 700040 713 o) M 8Bt] AR T ex R
ARER A FHATE1.5 ~ 25T A2 34 YE
U 7|23 o) /At TEae S0 HadhS A
A5k

2 ygt= Ad 43 59F =27} NGIS (National
Geographic Information System) AlgS S35t ThoF
3 29| GIS Hlo[ello] 27} T2 o] +7EA) 2
o] 7k sttt 71 AS = 718 ollAlE 70 A9 &
AeEAefof e oF 450 2| 2] AFF7|4HS4 (AWS)
£ 850, 3% 2 HHuFTH 5 o’ =7t
71HollA B2 9] 7RSS 85k k. ®
g 2 HFR AHEY &5 HER I E A%
P74 A e o] ol A= FEETL &
T AUk

w2ha] o] dtollA= ul=ollA] ZiLE PRISM= 7]
Hto g sho] SHE O] ThefRt GIS ALt 2|48 7]
2ARE o|-§5to] o] AR (S km x5 km) A]
7|eA= (4 BH/RWRA 7128 AbsEsha A=
TS B ol=Rt A E AR 7| AE
= 2ot Agsia FEsH 718 AR Tk
e 3o A7) SRk oy} 7)ol
o] gXEY LS ikt f= Fa% viEAEE &
|2 d& Aot
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2 AollA AMEEE 712 AR 2002 1EREH
20059 129712 HZ 4870 L7t 76229 7)ATA 2t
OF 4504:0] AWSOA B&3 A7 E0lTh (Fig. 1). 7]
ATE AE 53] AWS AlRo= 4F 270 =T
ol 7] Wizl FEAAE #aT F AU A=
kS ARSI T ESE THAE (1 km % 1 km)2] §A]/
wich opAT) SbaI = X|¥FH (topographic facet) B
¥ = (coastal proximity)Q} 22 X|YAR ARE
ol g8,

T 24 7] expR AHEL 7| 0 2 Daly
et al. (1994, 2002, 2003)°] 7j3+ PRISME 0|23
gow $elete) A2 B 7|3 e e S5
of P2 ARE olgelo] AR 71FA ALEE &
A3 428 D= 249 71 A=l tig
ABE AR W A gro Sasgh
A e 7 20 FHERE THE P
Distance Weighting : IDW, Hypsometric method :
HYPS)©.2 4H5H 7]20) g7haEel Ao e &
dhE o] (@ e HshEA vasks Aol o A%
3714 e ® AR AR 7L RE ol
o] FHze] AL B WeleAE HA Mo Bt

(Inverse

al7] Sfatolct. Ee B AFOINE RE BEa
oA glelz AZo] Wasteths 714 ol PRISM

38N|-..
37N-
36N

35N -

34N -

33N I I I I I
125E 126 E 127E 128 E 129E 130E

Fig. 1. Spatial distribution of observation points used in this
study.
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= W= AAT] Hste] FUTEALE AWSof| thsf] 2+
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Table 1. Numbers(percentage) of detected data during the automatic quality control processes.

Data Internal  Flat liners Temporal outliers Spatial .

sources Exiremes incosistency  (3day) 3 4 5 outliers Missings  # of data
ASOS 53 8 73 9094 722 107 259 16 3291464
(%) (0.002) (0.000) (0.002) (0.276) (0.021) (0.003) (0.008) (0.0)
AWS 180 44 874 24657 4137 1511 1188 748472 7373548
(%) (0.002) (0.001) (0.012)  (0.334) (0.056) (0.020) (0.016) (10.2)

3.2 GIS Alg QI&E

HFEL 714225 SA|9F ajdollA] B2t ¥
/0] ¢ ohE B9k ofy 2t et e =R E 9 A
% 1o mEti e o2t 53] 7122 BARA] 9
B oA = 715842 A% 9 X|7FH (facet)
O] wjgfo webA = ¥F 54do] th=r}. webA PRISM
7|5ke] nedE AR 7|FAR AES fsiAE
GIS At&9] &x7} 2ot & AoflA] ARg-EE
PRISM W4 8] 715218 4d3h= GIS 8 A=

= ke mpAF) (A1) AR 1k, AR,
sok= A} 7ot (Fig. 2).
ke wpA ) A= (SR
71&9] gte npAa7) 2k7 et A AT E
AAN=E o]-§dto] W k= mpAHRRE |
km x 1 kn SF=2 HibEstETh XA =25 3
XA W =G S FEL, WY AAFAL ¢
/8Q] Landsat TM®] 2 &) st o3l Ad 4=5¢ u}
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27 ARE G5 &, F A=Y AuE (resampling)
e Eo HEOR 1l x | ln AANRS 4123}
At

m % R

X" 1 =X}7 (digital elevation model: DEM)A]|
2 918f 1:250,000 A P = 0] T, SfieHA, 4
5g olgaigon, ey e FRAL FE M
Az WER 5 12 712 A7z Augatelnt. 14
Moz wey Aag BFANZY (riangulated ir-
regular network : TIN)O.Z WIS & 12 71702
nE e AHEeiglon], AEHoR Yugel AT
22 713 A= A2atet
n A3 A2

AJ5¥el A= DEMO 2] A4k RS ol galo]
N (&) %358 NE, E, SE, S, SW, W, NW {gko = 8y
Slo} WA % 071 TR, AFRE o] B
AE e HEt 953 A8tk WEZ AMES 1A 2
kg F10] AR Ape] 718

T o=

Aha, o] o)

I okm (~200m)
B 20k (~200m)
B 20km (200m~)
[ 20km ~ (~200m
[ 20km~ (200m~

Fig. 2. Digital map of topographic facet (left) and coastal proximity (right).
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7% tanb = [(62/6X)* + (62/6 7)) o= Félal (Z:
%= X, Y: F35), AR 1k (@) Gibson ef al.
(1997) ¥H o & AM&3}9Tt.

!—(SZ{(SY (l)

tanA = ©Z/5X) (—7CALm

m o Xp7

HYE A= HF2TE 9| 729t DEM A=
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E9] FFol v=7] wiZe|tt. =, DEMOJA 200 m &
IS 71Eo R AR Y FFE e A Y A &
L Aoz FRAgoN, HEHoR ezl
Wtol 3 6RAR ARt (Fig 2). 242t A
R AREL Sk x 5 kn SFES] ZA (149 ¢
253)0ll Hfsto] A Aol AL B
oAz B3k A9e] o o] FoA B
o1 ght QAR AT A B ulet o] A3
ol & FAY, Fe ¥ U BATCE 2o g4
A HAL Qe Y=L ol Ao =Tt
I A ket At A HolM = g FFol
WS Zol7HA] w| A= BHE Faiete] - Ak o]
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33 ¥¥ Y X HA ARY 29 W

BT B2 VS ARE ol §5to] 725
2 AR ghE ARSI IOl 2stolo sk
A% F shrt Gapolet. x| e AR B4
o gaie] AW ZAE BEY S Hold
£ e QA 4715 B4o) ostelt Bo]
gtk 2 Q7N FAH SELE LM}
Sfske] GaPiIEL PRISMOIASE 2] 30 kn 5}, 3
i e EFEE Ak BSH) ASE A 59
o). Fig 32 7 X3S FHOE GIIAEL 30
Shge W) JEPA ol TFEL VS WSS het
W Zolch. ate] Aol 3ol A gt A%
A, SHel7h 2 A1okA|of - A|9J5hA thite] 2ol

A o] 27:& WESEOn o] 2 FEoA Tt
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Fig. 3. Number of observing stations within the radius of
information (30 km).
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Ak B2 Aolo] A, T, A A, U= 3
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%, Pojo] AN FRL (o 1L, B4
) G QAT Zo] L] 49l ZhEe A 8]
HAAl o 72 2T (Daly et al., 1994, 2002, 2003).
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8ol Tt 4L (10) A1 a2 she Haxe
2 Hg3hu (1143 Zo] B2 4 gk
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211521: En(yi_ﬁo—ﬁlxiﬂ (10)

D X CTEy () B

Bi= — L Bo=v—TFx (D)
2w ,— x)2

/3\1: Z’;—l— ,/B’Tx

£ A7 GF W el 3t 2 Bk 7}
FH7} k7] the] Aukalislo] obd 7HEEIA
(12)& o1 g3He.

2’1622': g;nwz(yi_ﬁo_ﬂlxi)2 (12)
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. SwX—-XNY—-V
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Zwi<Xi_ X) 2
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2 w; Sw;
Y= B+ BX (13)

o, w, X, Y= 77 BEH) 715X, 1= 9
71354 olnjgict. 2EH o= Zzte] Axniet (13)
A3t e 715 8lTIAl0] A& HE, o] A AXPe] 1
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I T 7] 2]tk 3749) EF1Ale] AT =, 5
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of wt FdsHA Exg Favt ok skR|vk -2yt
9] 7% Fig. 4] Uehdl uie} Zho] tf 2o 7|1 da&a
Eo| Fdra= 300 m o|5}ol| A5k Qlck 1 Ax o
FARIR| ol M= Aol #E2TF A9 glojA AA
o]l YR8l WSAE2HE =5H 3FALE o83l
kS 31 Hok. YR Alelol thet 28004 374
9] 7187 (37} vIAE o2 FA U 2 AkEE]e] &
gk (Dol & LF77HEAge] ERIEGI. o} & s a5t
7] $J5te] E Ao Fig. 5o] rephd v} Zo] A%
BE ARE 0|83t} 7|5 aa W HEE 7|27]|9] Fa
#at JdigkS w02 MRt A 9 $Hk=
9] 7|20 BN ARE v O R AR 712 AkE 3]
AN 718719 Zigkt 22kl AlgkE Fol AF
3|40 B4 7187100 ofgt oF-E 248 si3ich
Table 2= PRISMof| A o€ 3] AT B B,
Aol W =9 ¥, 2o £ A+ (o5 K-PRISM)
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Fig. 4. Number of observing stations (ASOS and AWS) with
the height.
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Fig. 5. Monthly mean and their standard deviations of tem-
perature lapse rate according to the month over Jeju island
(3 months moving window average is applied).
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oA AR M4E9] 3h& A|AIFE AolTh. K-PRISM
AL 1xH o2 PRISM| 1S 7|20 1%,

FEetel 717 So] g u el s 4
2 AH Selvet AY U 715 B B PES

Az ste] gt
36 NZE A

PRISME 7|¥to2 & AFo|A 4H&E3t AR13 7]
2212 Az 3]94] (K-PRISM)9] $HILE 28 7154
& BA317] l5te] WA WA FA|9k 2|2 F] ggo]
oheFetaL A=A S AlFE 9] 2005 79 ARl
28-319tt. Fig. 60l BAIE A4S 9= 33.364'N, 7
T 126.6°E, % 763 m ¢l AxpH o2, A|FHe SE
HhgFo] 11 S| oF == 3jetell A 20 km(3) §1 Aot} o]
AR oA SRR 30 km o] ujol] YT 147] B
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Fig. 6. Spatial distribution of observing stations (open cir-
cles) and grids with topography over Jeju island.

Table 2. Parameters and their values defined in the PRISM and K-PRISM.

Name Description PRISM K-PRISM
Regression Ftn.
. . 30/50/100 km 30/50 km
v Radius of influence .
. . L . 10/15/30 Sta. 5 stations
S Minimum number of total stations desired in regression
loctm e
b Default valid re reision slope ’ 0/10720 C/km varies
Bua & P -6 C/km -6.5 C/km
Distance Win.
a Distance weighting exponent 2.0 2.0
Fi Importance factor for distance weighting 0.8 0.85
Elevation Wtn.
b Elevation weighting exponent 1.0 1.0
E Importance factor for distance weighting 0.2 0.15
2z, Minimum station-grid cell elevation difference below which 100/200/300 m 100 m
elevation weighting is 1
2z, Maximum station-grid cell elevation difference below which 500/1500/ 1000 m
elevation weighting is zero 2500 m
Facet Witn.
c Facet weighting exponent 1.0/1.5/2.0 1.0
Coastal Prox. W
by Maximum coastal proximity difference, above which proximity varies varies
weight is zero
v Coastal proximity weighting exponent 0.0/1.0/1.0 1.0




75 - AR - YE5t -

2 A E (A, 1Lk, AF, sFE), 74
H 7184 (Bt/3/FA7]2)2 452 Table 337}
2t AR HSH Abole] ARl 2-28 m, A=
£ 20~970 m, AFHZ N~-NW 123l 3ofe= 1~3
Atol 2 ThefatAl YL itk ofet AR ol&
3to] K-PRISMC 25 1h2H A9 B, 21
2 HA7| L 77} 22317, 26.24°C E 1891Co]rt.
ol k52 F A Atele A=7F 7P 7ML, AL, A
P 9 S F=Tt AR 782 X1HQ] 22T, 258TC €
18.8°C 3 | wf wl-¢- A A= &

A5E - A - A7) 263

4= Sl

Fig. 72 2005 199] ¥ H/FW/Z|A 7] of
3fl, K-PRISMZ} A2]qte] gl IDW, 123 A2|%}
1=9] 9] HYPSE 4H&E3tH 23S Yehd Aot
HYPS= ufj-- 7hast AeEA 7o 2m, 1) 2 35
290 7123kl dsll 71 HES +6.5°Chm 1 2L
gte] oA Q] 7|02 FHAFAT &, 2) ARt
9 715 ez AT|EA, 3) o] Fe K 7IHE
—6.5° Clon "5 A-83t0] 2 A=A Lo g o
HRAse ol Aet =0 FEFS Al

Lo

Table 3. Sample of GIS, weighting values and monthly mean/maximum/minimum temperatures for the observing stations

within 30 km.
H Dis.diff. Coastal Mean Max. Min.
Stn.  Lat. Lon. (m) (km) Facet pro. wd Wz wf wp w Tem. Tem. Tem.
184 33.514 126.53 19.97 17.91 N 2 0.031 0.156 0.333 1.000 0.019 26.8 29.6 24.7
189 33.246 126.57 5047 13.508 S 1 0.055 0.163 1.000 0.500 0.038 25.6 284 234
265 33.387 126.88 18.62 26.119 E 2 0.015 0.155 1.000 1.000 0.043 259 292 23
328 33.246 126.41 76  22.135 S 1 0.020 0.170 1.000 0.500 0.025 26.6 30 23.6
329 33.424 126.54 574 8.47 N 3 0.139 1.000 0.333 1.000 0.104 245 285 21
330 33.285 126.46 417  15.382 S 2 0.042 0.407 1.000 1.000 0.115 25.1 28.7 22.3
727 3339 1264 429 19.261 NW 3 0.027 0.427 0250 1.000 0.027 25.1 29.7 21.8
751 33.455 126.71 345 14.645 NE 3 0.047 0.314 0.500 1.000 0.050 254 294 222
752 33.282 126.3 146  28.961 S 2 0.012 0.193 1.000 1.000 0.048 258 294 23
753 33.389 126.5 970 10.058 N 3 0.099 0.935 0.333 1.000 0.089 213 249 175
780 33.277 126.72 73 14.955 S 1 0.045 0.169 1.000 0.500 0.035 248 273 224
781 33.519 126.85 40 29.21 NE 2 0.012 0.161 0.500 1.000 0.021 26.8 30.7 23.7
782 33.381 126.62 750 2718 SE 3 1.000 1.000 1.000 1.000 1.000 22 25.8 18.8
792 3335 126.77 100 15.577 SE 2 0.041 0.178 1.000 1.000 0.068 262 302 23
K-PRISM IDW HYPS
'I‘ N
Max. ' .-
T e
Min.
T
-3'c

Fig. 7. Spatial distribution of temperatures (mean (upper), maximum (center), minimum (lower)) of January, 2005 derived
by K-PRISM (left), IDW (center) and HYPS (right) over Jeju island.
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Table 4. Comparison of minimum temperature derived from K-PRISM and HYPS at all the observing stations for 4 years

(2002~2005) over Jeju island.

K-PRISM HYPS

Mon Bias RMSE Corr. Bias RMSE Corr.
Jan -0.024 0.882 0.950 -0.231 1.070 0.941
Feb -0.001 1.008 0.934 -0.209 1.131 0.927
Mar -0.012 1.004 0.919 -0.173 1.032 0.921
Apr -0.018 0.836 0.903 -0.007 0.804 0.907
May 0.019 0.686 0.927 0.044 0.670 0.930
Jun 0.044 0.887 0.894 0.012 0.853 0.897
Jul 0.029 0.901 0.866 0.058 0.875 0.873
Aug 0.041 0.673 0.954 -0.029 0.678 0.955
Sep 0.034 0.647 0.963 -0.106 0.712 0.963
Oct 0.052 0.891 0.951 -0.223 1.131 0.936
Nov 0.053 1.098 0.927 -0.204 1.241 0914
Dec 0.007 0.978 0.939 -0.225 1.144 0.931
Ave 0.019 0.874 0.927 -0.108 0.945 0.924
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Fig. 8. Spatial distribution of monthly mean (left), maximum (center), and minimum (right) temperature of January, 2005
derived by IDW (upper) and K-PRISM (lower) over South Korea.
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Table 5. Validation results of temperatures derived by K-PRISM and IDW at all the observing stations for 4 years(2002~2005)
over South Korea.

Mean T. IDW _Mean T. Max. T. Min. T.
Mon Bias RMSE Corr. Bias RMSE  Corr. Bias RMSE Corr. Bias RMSE Corr.
Jan 0.014 0.939 0952 -0.033 1275 0.910 -0.011 0.720 0.959 0.042 1.428 0.931
Feb 0.024 0.855 0945 -0.019 1.189 0.888 0.004 0.682 0.952 0.049 1.385 0.909
Mar 0.029 0.710 0936 -0.007 1.151 0820 0.014 0.729 0924 0.047 1.254 0.891
Apr 0.047 0.695 0.895 0.021 1.056 0.740 0.034 0934 0.861 0.054 1.182 0.872
May 0.046 0.720 0.876 0.016 1.020 0.725 0.040 1.048 0.843 0.044 1.029 0.862
Jun 0.047 0.776  0.850  0.007 1.095 0.665 0.045 1.131 0.797 0.042 0.959 0.849
Jul 0.042 0.788 0.857  0.000 1.127 0.666 0.047 1.104 0.804 0.032 0.758 0.871
Aug 0.028 0.714 0.898 -0.009 1111 0.716 0.032 0945 0.828 0.019 0.814 0.893
Sep 0.027 0.726 0932 -0.018 1.087 0.830 0.025 0.831 0.891 0.026 1.018 0.908
Oct 0.019 0.976 0923 -0.020 1.154 0.885 0.005 0.700 0919 0.024 1.614 0.880
Nov 0.014 0.990 0932 -0.026 1.175 0.900 0.001 0.622 0957 0.025 1.604 0.882
Dec 0.002 0.985 0951 -0.039 1.223 0.921 -0.016 0.702 0.965 0.019 1.480 0.922
Ave 0.028 0.823 0912 -0.011 1.138 0.805 0.018 0.846 0.892 0.035 1.210 0.889
3N, b N\ . 38N
e SRR
B 9% gR D T e 0
3TNt ﬁgﬁiﬁ% ° =, . \g 37N
SRR L Zf
36N - v S _Jky 201< & 36N
nﬁg e Sene) [1.0/< m <20l
R jj“ 10.51< <[1.0l
35N | é[ o %ﬁ“”] - gple 0 =0 =105 a5y
iﬁ%ﬁhﬁi} -
34N ) 34N
126E  127E  128E 129  130E 126E 127E 128E 129  130E

Fig. 9. Spatial distribution of biases between observed and estimated monthly mean temperature for January(left) and

July(right) in 2005.
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