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Abstract

In this study, in order to estimate high resolution precipitation with monthly time scales, Parameter-elevation
Regressions on Independent Slopes Model (PRISM) was modified and configured for Korean precipitation based on
elevation, distance, topographic facet, and coastal proximity. Applying this statistical downscaling model to Korean pre-
cipitation for 5 years from 2001 to 2005, we have compiled monthly grid data with a horizontal resolution of 5-km and
evaluated the model using bias, root mean square error (RMSE), and correlation coefficient between the observed and
the estimated. Results show that bias, RMSE, and correlation coefficient of the estimated value have a range from 0.2%
to 1.0%, 19.6% (June) to 43.9% (January), and 0.73 to 0.84, respectively, indicating that the modified Korean PRISM
(K-PRISM) is reasonably worked by weighting factors, i.e., topographic effect and rain shadow effect.
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Fig. 1. Distribution of observation stations (dot) and elevation
(shading) used in this study.
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Table 1. Maximum, mean and minimum values of regression coefficient 3, for monthly precipitation in Jeju-do. These values

are estimated by using data for five years from 2001 to 2005.

Jan. Feb Mar Apr

May  Jun

Jul Aug Sep Oct Nov Dec Ann

Max. Slope 19.59 31.67 98.79 11877 84.0 7586 122.28 59.57 35.17 26.09 26.09 27.62 539.39
(mm/100 m)
Mean Slope 395 506 495 928 1149 20.04 30.1 3047 1858 594 4.03 3.7 322
(mm/100 m)
Min. Slope 0 0 0 0 0 0 0 0 0 0 0 0 0

(mm/100 m)
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Fig. 2. Distribution of observation stations (large blue dots),
fine grid points (small red dots), and elevation (shading)
around Ji-ri mountains. Dashed large circle represents the
effective radius from target grid cell A. The numbers in-
dicate observation station number.
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Table 2. Geographical informations and weighting values for each station in case of grid cell A for precipitation of July 2005.

nusntirll)'er Lat. Lon.  Elev. Prcp. f(ri(l)sl’ltlalglgfd ;:);)(?)S('. Wd Wz Wf Wp W
247 35405 12733 89.7 297.5 15.017 7 6 0.0044 0.0093 1 1 0.00575
315 35.299 127.494 1100 352 3.838 5 6 0.0679 0 0.1925 0.0168
709 35.183 127433 50 2955 15.554 3 4 0.0041 0.0068 0.0894 0.5  0.0002
759 3537 127.6 470 368 13.828 1 6 0.0052 0.0037 0.5399 0.0003
768 3528 127.45 48 286  4.618 6 6 0.0469 0.0067 0.3536 1 0.0149
791 35.267 127.583 550 345 12.615 5 5 0.0063 0.0028 0.1926 0.0011
794 35.1 127.433 97 319 24.747 3 4 0.0016 1 0.0894 0.5 0.02
902 35319 127759 470 3435 27.159 3 5 0.0014 0.0037 0.1925 0.0039
906 35.189 127.63 10 270 21.5 5 5 0.0022 0.0053 0.1925 1 0.0006

CellA 3532 127461 197 309.57 7 6
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Fig. 3. Comparison of linear regression line without weight-
ing (dashed line) and with weighting (solid line) in Table
2. Squares represent observed precipitation in July 2005.
Mark X indicates target grid cell A shown in Fig. 2.
Regression coefficients of weighted linear regression are
299.7 (5,) and 4.9828 mm/100 m (53,), respectively.

Table 3. Same as in Table 2 except for grid cell B.
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A& ZHA| =itk Fig. 4= o|8g 7HA] AR 71 %
sto] 3] AR A 7HE 3RS UERE Aot 7Hs
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Fig. 4. Comparison of linear regression line without weight-
ing (dashed line) and with weighting (solid line) in Table
3. Squares represent observed precipitation in July 2005.
Mark X indicates target grid cell B shown in Fig. 2.
Regression coefficients of weighted linear regression are
300.6 () and 6.3047 mm/100 m (3,), respectively.

nustgger Lat. Lon. Elev.  Prcp. ffg;algl;ed }c);)ca)li: Wwd Wz Wf Wp W
247 35405 12733 897 2975 2635 7 6 0.0014 0 0.1925 1 0.0003
315 35299 127.494 1100 352 7.72 5 6 0.0168 0.0021 1 1 0.015
709  35.183 127.433 50 2955  16.18 3 4 0.0038 0 0.1925 0.5 0.0003
759 35.37 127.6 470 368 11.15 1 6 0.008 0.0065 0.0894 1 0.0007
768 3528 12745 48 286 11.18 6 6 0.008 0 0.3536 1 0.0025
791 35267 127.583 550 345 1.17 5 5 0.728 1 1 1 0.7897
794 35.1 127.433 97 319 23.1 3 4 0.0018 0 0.1925 0.5 0.0002
856  35.084 127.629 550 287.5 21.71 5 3 0.0021 1 1 0.333 0.149
902 35319 127.759 470 3435 17.79 5 5 0.0032 0.0065 1 1 0.004
906  35.186 127.63 10 270 11.03 5 5 0.0082 0 1 1 0.0074
932 35.05 127.75 60 2575 29.7 6 3 0.0011 0 0.3536 0.333 0.0001
948 35283 127.85 280 271.5 2535 3 5 0.0016 0.0029 0.1924 1 0.0004

CellB 35273 127.572 625 340.07 5 6




76 GIS2} PRISMZ

7F A=A o] Fh2 ZA o AT &
9] 345 mm} F-AFSE Frolot.

Fig. 5= 2005 799] B 7-=eF B} Fig. 31}
49 k) o 2 2|24t F el mE AP A &
A3t el B2 g 77 yehd Aot I e
Fo| B2 1%, A, A 59 FFE 1A
°}7l o £l T3] Wadoll 2JaiA ~ 227}
ZAA =} by K-PRISMo| 2J3)] = &
o o AR A XS 2 YRy A%

Q1 9ol & hehict

H=4 791

E]=
T

o] 1
_/;\_
a}

A
_'__
A5}

1_

ld-\-‘ O_L.. o

09{.. Fl°
i

4
oh
ojdlofi= Atetol AT AR Co| AFE 73
3t7] fI3te] 7HE A& ZAISHAT (Table 4). AAH3 C
o} B$= Al BF7E A A AT n=TE f

ARt &2 BE4 3159 shy Bo|th. AZ7HSA]

=
R |

Latidude (N)

127.2 1274 127.6

Longitude (E)

127.8 128

ol 8¢ TANIE AXY Aot A

= T4 31590 7BAA <k 0.1030]0 T2 B
49 A9E 0.0281} Ho} A2 71ERo] 2 7]ofE
a7 ERth 1w 71EAe] A9 ARHCe) nE
1011 me} SAFSE 24 315Ho| A 71 2 71532
Zroc) uhg Z)FE sExe] AL BEA 3154
Rrhe AR} T8 A7 27 e BEAHOIA
2 3he walth A% NEAE 1E, A, A3, o
FE SolN TR HAS Bl BEL 315H0IA
A 27 Urebetey. weba) A28 Cold 2 7%
2eSFe P22 31599 1149 mme} SAFS oF 1130
7} £SIsick Fig 62 7S HAA ) 14
wr} ofejZo 2 oSl LEdths AS Hojzr

OJAL Fig. 49] Ao} wojuiaro 2 o] o] 5-g L}
W} 7 o] o] We BEaS0] A2 C

500

35.0 —

127.2 127.4 127.6 127.8

Longitude (E)

Fig. 5. Spatial distribution of (a) observed and (b) K-PRISM estimated precipitation in July 2005. Contour line and shading
denote elevation and precipitation around Jiri mountain, respectively. Contour is 100 m

Table 4. Geographical informations and weighting values for each station in case of grid cell C for precipitation of August

2002.

nusntqul).er Lat. Lon.  Elev. Prcp. f(jcl)srﬁng“r:fd facet ;;)gi: wd Wz Wf  Wp W
247 35405 12733 89.7 768 19.31 7 6 0.0027 0 1 1 0.0024
315 35.299 127.494 1100 1149 3.12 5 6 0.103 1 0.1925 1 0.0788
709 35.183 127.433 50 873 17.07 3 4 0.0034 0 0.8944 0.5 0.0001
759 3537  127.6 470 1291 7.42 1 6 0.0113 0 0.054 0.0005
768 35.28 127.45 48 752 7.55 6 6 0.0176 0 0.3536 1 0.0056
791 35.267 127.583 550 1334 8.39 5 5 0.0142 0.0022 0.1925 1 0.0025
794 35.1 127.433 97 959 25.69 3 4 0.0015 0 0.0894 0.5 0.0006
902 35.319 127.759 470 1282 22.04 5 5 0.0021 0 0.1925 0.0004
906 35.186 127.63 10 1137.5 18.11 5 5 0.003 0 0.1925 1 0.0005
Cell C 3532 127.52 1011 1129.98 7 6
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Fig. 6. Comparison of linear regression line without weight-
ing (dashed line) and with weighting (solid line) in Table 4.
Squares represent observed precipitation in August 2002.
Mark X indicates target grid cell C shown in Fig. 2. Regression
coefficients of weighted linear regression are 837.6 (3,) and

28.8152 mm/100 m (,), respectively.
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Table 5. Same as in Table 4 except for grid cell D.
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Fig. 7. Comparison of linear regression line without weight-
ing (dashed line) and with weighting (solid line) in Table 5.
Squares represent observed precipitation in August 2002.
Mark X indicates target grid cell D shown in Fig. 2. Regression
coefficients of weighted linear regression are 1184.4 (3,) and

20.1093 mm/100 m (,), respectively.

Fig. 82 2002'd 849 7ol gt T3t
ek 228 vEhdth. 85 Ao g2 A
2t 7 B2 9 Aro] 9 Aol A vpERbd . o] A2
=3 Wiiel oA dehd Aatoln. Iyt
K-PRISM9] 4= LE&F X7 552 FHo|
A 7 B2 Aade B o)Z2 gt Wil
obd 1%, Az, AFFH S Z2 A2 2 gt 7}
SAE 2T AIfolnt. &, A2t R 1ET7t &
= A o] FHEL F7t w2 AFA Aot a3t

nusrgger Lat. Lon.  Elev.  Prcp. fil(l)i;arglgfd facet ;ggf{‘ Wwd Wz Wf Wp W
289 3541 127.88 138.57 8545 27.76 2 6 0.0013  0.0035 0.125 1 0.0002
315 353 127.49 1100 1149  12.63 5 6 0.0063 0 1 1 0.0056
709 35.18 127.43 50 873 204 3 4 0.0024 0.0027  0.1925 1 0.0005
759 3537  127.6 470 1291 11.26 1 6 0.0079 1 0.0894 1 0.04
768 3528 12745 48 752 163 6 6 0.0038 0.0027 0.3536 1 0.0013
791 3527 127.58 550 1334 4.18 5 5 0.0573  0.0079 1 1 0.0514
794 35.1 12743 97 959  26.19 3 4 0.0015 0.0031  0.1925 1 0.0004
902 3532 127.76 470 1282 13.02 5 5 0.0086 1 1 1 0.4472
906 35.19 127.63 10 1137.5  9.59 5 5 0.0109 0.0024 1 1 0.0098
916 353 12795 85 775 295 3 5 0.0012  0.003  0.1925 1 0.0003
932 35.05 127.75 60 9025 27.15 6 3 0.0014 0.0028 0.3536 0.5 0.0003
934 35.19 127.94 50 8185 29.28 3 5 0.0012 0.0027  0.1925 1 0.003
948 3528 127.85 280 1037 20.25 3 5 0.0024  0.007 0.1925 1 0.0007

CellD 35272 127.63 423 1270.49 5 5
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Fig. 8. Spatial distribution of (a) observed and (b) K-PRISM estimated precipitation in August 2002. Contour line and shading
denote elevation and precipitation around Jiri mountain, respectively. Contour is 100 m.
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Fig. 9. Spatial distribution of (a) observed and (b) K-PRISM estimated precipitation in August 2002.

Table 6. Monthly climatological mean (CLI) in observation, K-PRISM Bias, RMSE, correlation coefficient (COR) between
the observed and the estimated.

CLI (mm) Bias (mm) RMSE (mm) COR

Jan 30.4 0.3/1.0% 13.3/43.9% 0.73

Feb 42.9 0.2/0.4% 12.9/30.1% 0.78
Mar 46.2 0.2/0.4% 15.1/32.7% 0.80
Apr 109.4 0.4/0.3% 31.4/28.7% 0.74
May 125.7 -0.2/0.2% 32.5/25.9% 0.79
Jun 204.6 0.6/0.3% 40.1/19.6% 0.80
Jul 359.7 1.6/0.4% 73.6/20.5% 0.83

Aug 3354 2.3/0.7% 83.4/24.9% 0.77
Sep 170.4 0.3/0.2% 49.7/29.2% 0.81
Oct 46.4 0.4/0.8% 17.3/37.3% 0.77

Nov 39.5 0.1/0.4% 13.9/35.1% 0.84
Dec 26.7 0.2/0.8% 11.3/42.4% 0.81

Table 7. A comparison of K-PRISM and Barnes scheme for Bias, RMSE in Jeju-do.

K-PRISM Barnes scheme
Bias (mm) RMSE (mm) Bias (mm) RMSE (mm)
Jan -1.4 242 3.6 29.5
Feb -1.5 21.2 3.6 28.6
Mar -3.0 353 5.8 42.9
Apr -6.7 76.9 133 100.4
May -4.1 104.3 15.4 120.8
Jun -3.7 48.2 8.5 65.0
Jul 1.6 70.3 12.2 116.8
Aug -5.8 96.0 21.1 185.6
Sep -5.2 55.6 7.9 77.6
Oct 1.7 42.8 4.6 39.5
Nov -0.6 28.9 3.5 35.2

Dec -0.5 28.3 3.7 344
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