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A GDAPS(UM N768 L70)
PR UM(Unified Model) vn 10.2 / PS04-KMA1!) (PS37-UK base)
7] B 4]

Complete equation (Non-hydrostatic)

17km (1536(%& 41)x1152('¢-5))
0.234375('5 A1) >0.15625('2-5)

4 Global
i 703 (~80km)
=4 ol B = 43 HWEH
o BA 7F 288h (2~§] /¥, 00, 12UTC)
87h 23]/, 06, 18UTC)
AN ZEZ & Semi-Implicit semi-Lagrangian scheme
& H73 Mass flux convection with CAPE closure, Mixed phase precipitation
EA Edward-Slingo general 2-stream scheme
< o 9} A & GWDO (G.W. drag due to orography)
PBL ¥4 Non-Local PBL
A EH JULES(Joint UK Land Environment Simulator) land-surface module
A 37 Ef

Surface analysis + climatology

11) Parallel Suite
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7185 UM(Unified Model, vn 8.2 / PS30)
7187 4 Complete equation (Non-hydrostatic)
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AR A 2003
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=4 47k HEY
of| B A ZF 87417 (43]/ )
A7 2 Semi-Implicit semi-Lagrangian scheme
s 44 Mass flux convection with CAPE closure, Mixed phase precipitation
EA Edward-Slingo general 2-stream scheme
T YA GWDO (G.W. drag due to orography)
PBL #4 MOSES-II Non-Local PBL
A xH MOSES-II land-surface scheme
A F S Surface analysis + climatology
2= OSTIA SST (0.054° < 0.054° daily mean)
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A& Semi-Implicit semi-Lagrangian scheme
T A Mixed phase precipitation
=4

Edward-Slingo general 2-stream scheme

= H A g GWDO (G.W. drag due to orography)

PBL #4 Non-Local PBL
2™ JULES(Joint UK Land Environment Simulator) land-surface module
2| 327 El

Surface analysis + climatology
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312 AAFHSA 2 Y AF
3121 59 EM A

% 3.1.1 GDAPS S5 3H 7] (MSLP) Mean Error [hPa] &4 4%

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

24H -006 -0.02 002 004 000 -009 -015 -014 -0.09 -011 -0.07 -0.06 -0.06
484 -0.10 -0.09 0.01 -0.02 -0.09 -024 -032 -031 -025 -023 -012 -010 -0.15
72H -012 -008 0.03 -0.03 -011 -031 -039 -041 -036 -031 -011 -010 -0.19
9%H -012 -003 012 0.01 -011 -036 -042 -050 -046 -039 -0.14 -0.06 -0.21
120H -0.09 0.00 019 004 -006 -034 -044 -059 -054 -050 -020 -013 -0.22
144H -0.08 0.08 025 001 -005 -032 -047 -066 -063 -0.61 -026 -020 -0.24
168H -0.04 018 034 -006 -003 -033 -046 -071 -0.69 -0.75 -041 -0.29 -0.27
192H -0.02 027 044 001 0.00 -030 -040 -0.72 -0.66 -090 -0.62 -0.37 -0.27
216H 006 025 049 008 004 -023 -037 -065 -071 -095 -0.83 -0.52 -0.28
240H -0.01 027 053 012 008 -023 -033 -056 -0.84 -1.07 -092 -0.65 -0.30
264H -010 028 059 024 010 -018 -026 -045 -094 -115 -1.05 -0.68 -0.30
288H -013 028 066 036 022 -013 -020 -036 -1.04 -125 -1.10 -0.78 -0.29

3 3.1.2 GDAPS &EHEF &l H7]H(MSLP) RMSE [hPa] &4 4%

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

244 115 117 121 115 109 08 079 074 074 080 094 098 097
48H 192 19 193 180 180 140 126 123 127 136 15 163 159
72H 283 270 271 260 256 205 18 178 197 219 229 248 233
9%H 400 374 374 360 348 283 252 254 271 332 336 348 328
120H 537 501 492 471 438 362 338 332 353 456 4.68 4.67 435
144H 675 618 6.07 578 534 439 413 412 457 582 610 584 542
168H 810 725 732 672 625 522 472 487 577 696 733 723 648
192H 918 849 839 763 694 597 525 546 652 795 857 841 740
216H 10.07 953 9.03 816 759 640 566 591 728 885 979 940 814
240H 1092 1057 9.69 863 795 682 59 631 805 945 1059 1027 877
264H 11.62 1115 1020 939 812 706 622 650 855 997 1099 11.02 9.23
288H 1211 11.69 1099 975 840 719 632 670 884 1032 11.21 11.81 9.61

¥ 3.1.3 GDAPS H4 &) 7] H(MSLP) S1 Score [F39¥] E4AZ

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

24H 2064 2132 2224 2312 2450 23.02 22,69 2137 1944 1789 1841 1850 21.09
48H 2848 2890 30.34 3144 33.70 31.62 30.38 2930 2717 2489 2597 2611 29.02
72H 3628 3612 37.81 3997 4253 39.63 3833 3739 35.67 3322 3334 3416 37.04
96H 44.87 4446 4569 4893 51.68 4813 4694 4622 4392 43.05 4211 42.04 45.67
120H 53.64 5274 5412 5790 60.07 5620 55.61 54.66 5193 5229 5200 49.87 5425
144H 61.74 6024 61.84 6599 6760 6349 6272 6216 61.00 6045 60.61 5745 62.11
168H 68.58 66.66 69.14 7211 7356 69.78 6784 6879 69.27 68.07 6855 6506 68.95
192H 7371 7216 7510 7724 78.06 7497 7155 7328 7474 7442 7498 7091 7426
216H 7791 7648 7835 8022 8202 7810 7452 7650 79.83 7897 8032 74.62 7815
240H 81.12 80.18 81.28 83.01 8433 8042 7650 7954 84.45 81.74 8341 7771 81.14
264H 8398 82.64 83.69 86.08 8519 81.41 7842 81.01 86.57 8415 8521 80.32 83.22
288H 8494 84.84 8631 8775 8566 8222 7929 8202 8734 8523 8652 8255 84.56
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¥ 3.1.4 GDAPS &4 850hPa 7|2 Mean Error [C] XA =

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H -013 -018 -019 -018 -0.10 -0.02 0.00 -0.03 -010 -0.10 -0.02 -0.04 -0.09
48H -019 -028 -031 -030 -018 -0.06 -0.05 -0.07 -017 -0.14 0.00 -0.03 -0.15
72H -023 -034 -038 -036 -022 -0.09 -010 -010 -020 -0.14 0.04 -0.02 -0.18
9%H -025 -037 -043 -040 -024 -011 -013 -012 -021 -0.14 0.06 0.00 -0.20
120H -0.25 -039 -045 -043 -024 -013 -017 -015 -022 -0.14 0.08 001 -0.21
144H -025 -040 -046 -047 -024 -015 -020 -019 -025 -013 011 002 -022
168H -0.23 -041 -047 -050 -024 -015 -021 -020 -0.23 -0.11 0.16 0.06 -0.21
192H -0.24 -041 -046 -052 -025 -0.17 -022 -020 -0.22 -0.07 022 0.08 -0.21
216H -026 -045 -044 -053 -025 -019 -024 -019 -022 -0.03 024 012 -020
240H -0.27 -049 -046 -056 -026 -0.19 -027 -018 -019 000 026 014 -0.21
264H -029 -052 -053 -058 -027 -020 -028 -0.18 -0.16 0.03 037 015 -0.20
288H -029 -0.52 -060 -057 -029 -020 -028 -021 -014 0.07 047 016 -0.20
# 3.1.5 GDAPS &4 850hPa 7] RMSE [C] &4 4=
FCST Jan. Feb. Mar. Apr. May. Jun. Jul.  Aug. Sep. Oct. Nov. Dec. Ave.
24H 113 111 107 105 102 092 08 081 079 08 09 1.02 097
48H 155 156 153 148 148 132 121 115 115 119 135 142 137
72H 197 200 195 190 191 168 155 147 149 152 169 179 174
9%6H 249 246 243 241 243 210 192 183 187 195 211 219 218
120H 3.08 3.00 294 295 295 253 234 221 227 243 263 266 267
144H 364 362 344 346 350 297 283 261 278 29 319 322 318
168H 422 416 401 396 398 346 320 3.03 323 350 372 378 3.69
192H 463 463 457 441 439 389 351 338 364 397 425 431 413
216H 5.10 501 500 474 475 419 378 3.67 4.02 432 474 466 450
240H 546 539 541 499 504 443 397 394 437 467 517 499 482
264H 574 567 573 524 519 459 414 410 467 495 541 535 507
288H 6.00 594 593 540 532 474 430 420 481 523 565 567 526
# 3.1.6 GDAPS E4H 850hPa 712 S1 Score [¥xY] B4 A=
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 3538 3538 35.87 3588 36.39 36.05 3640 3520 3337 3288 3239 3293 3484
48H 4412 4417 45.01 4560 46.79 4653 4640 4552 4329 41.84 4196 4212 4445
72H 50.68 50.71 51.36 52.70 54.27 5337 53.23 5238 5042 48.61 4853 4878 51.25
96H 56.61 5634 5719 59.12 60.87 59.86 59.04 5837 56.78 5537 54.64 5452 57.39
120H 6241 61.70 62.62 64.68 6651 6517 6428 63.62 62.03 61.18 60.62 59.51 62.86
144H 6724 6657 6723 6918 7110 6940 69.16 6835 6730 66.07 6593 6441 67.66
168H 71.22 7055 7143 7293 7480 73.06 7237 7217 7121 7090 69.90 68.62 71.60
192H 73.77 7386 7437 7612 7771 7621 7489 7489 7455 7434 7355 72.06 74.69
216H 7617 76.09 76.98 78.00 80.05 7815 7711 7704 7732 7674 7652 7418 77.03
240H 7797 78.02 78.61 7932 8164 7947 7851 7887 79.73 7846 7886 7599 78.79
264H 79.10 79.36 80.28 80.90 8231 80.64 79.40 80.06 8144 79.84 79.76 77.74 80.07
288H 80.50 80.90 81.37 81.73 83.01 81.52 80.46 80.68 8213 81.14 80.82 78.99 81.10

- 29 -



3 3.1.7 GDAPS E4F 850hPa 7|2 o4 Al [Fad] E44F

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

24H 098 098 098 097 097 097 097 097 098 098 098 098 097
48H 095 09 095 094 094 093 094 094 09 09 09 096 0.95
72H 092 092 092 09 08 08 09 091 093 094 093 093 092
9%H 088 088 087 084 08 084 08 08 08 09 089 08 087
120H 081 082 08 076 075 076 077 08 08 084 083 084 0.80
144H 073 074 074 066 064 068 067 072 074 075 075 077 072
168H 064 065 064 056 053 058 058 063 065 065 066 069 0.62
192H 057 057 053 045 043 047 050 054 05 055 056 059 053
216H 048 050 043 037 033 038 043 047 046 046 045 052 044
240H 040 042 034 031 025 031 038 039 037 038 034 046 036
264H 035 035 028 025 020 025 033 034 028 030 028 038 030
288H 029 028 023 020 016 020 028 030 023 023 021 030 024

¥ 3.1.8 GDAPS &4t 500hPa 1% Mean Error [m] &4 743

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

24H -136 -133 -129 -133 -136 -154 -210 -184 -144 -09% 014 010 -1.19
48H -2.07 -236 -192 -209 -205 -259 -371 -329 -267 -162 039 0.06 -1.99
72H 264 -271 -206 -222 -193 -280 -451 -408 -324 -179 123 042 -219
9%6H -2.69 -260 -143 -186 -142 -265 -5.06 -468 -354 -189 174 084 -210
120H -239 -247 -112 -167 -060 -220 -518 -539 -3838 -217 212 058 -2.03
144H -228 -240 -093 -225 -008 -197 -539 -586 -445 -251 298 064 -2.04
168H -2.05 -241 -067 -271 039 -170 -527 -612 -444 -265 3.07 061 -2.00
192H -1.75 -220 -017 -238 063 -132 -495 -595 -376 -3.08 275 024 -1.83
216H -1.27 -266 -0.02 -239 1.00 -0.61 -485 -534 -407 -292 181 -033 -1.80
240H -149 -294 036 -257 1.07 -060 -477 -451 -491 -340 249 -035 -1.86
264H -224 -333 -099 -19 097 -020 -442 -387 -508 -353 276 025 -1.80
288H -1.82 -335 -149 -124 127 012 -391 -344 -567 -418 342 043 -1.66

¥ 3.1.9 GDAPS E4F 500hPa 1% RMSE [m] &4 7%

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

24H 9.09 945 1031 1000 961 7.09 648 612 615 640 711 773 796
48H 1691 1749 1853 1738 1788 13.16 11.82 1149 1213 1223 13.67 1479 14.79
72H  27.03 2733 2754 2628 2695 20.68 18.77 1818 19.69 20.84 2179 24.01 23.26
96H 3992 3930 3862 3768 3791 3019 2726 2643 27.69 3233 3354 3470 33.80
120H 55.04 53.03 52.04 49.83 4925 40.00 3725 3615 3753 4598 48.05 4721 4595
144H 6991 6736 6574 6160 6125 50.02 4720 4591 50.04 60.73 63.94 6111 58.73
168H 84.81 8224 8114 7219 7344 6132 55.60 5496 6414 7459 79.01 7637 71.65
192H 9582 9592 9539 8312 83.05 7081 6291 6262 7525 8517 9226 8947 82.65
216H 107.95 105.49 105.06 90.00 92.64 7745 6933 6930 8572 96.80 106.21 100.49 92.20
240H 119.54 115.24 11113 98.29 100.01 83.53 74.77 7498 9471 104.68 116.43 110.88 100.35
264H 128.19 123.86 117.54 105.53 103.07 88.30 79.09 77.90 100.75 111.11 123.06 120.89 106.61
288H 134.83 128.21 125.55 109.68 105.60 90.61 81.16 80.33 104.87 115.49 129.60 129.90 111.32
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¥ 3.1.10 GDAPS E4F 500hPa 3% S1 Score [F-2H¢] 44 Z
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 1210 12.62 1342 1431 1527 14.68 14.71 1417 1231 1117 11.08 1096 13.07
48H 1930 1993 21.15 2265 24.60 2353 2318 2242 2021 1792 1811 18.03 20.92
72H 26.67 2742 2843 30.85 3350 32.08 3216 3085 2857 25.87 2488 2543 28.89
96H 3451 3495 35.63 39.21 4218 41.08 41.20 39.85 36.13 34.67 3279 3248 37.06
120H 4222 4213 42.89 46.77 4999 4891 49.66 4856 4399 4330 4135 3896 44.89
144H 48.84 48.89 4981 53.78 56.67 5589 5723 56.01 5217 51.17 4893 45.61 52.08
168H 54.71 5475 56.38 59.25 63.13 6279 63.06 6248 59.80 5838 5545 51.89 5851
192H 58.76 5997 61.82 63.92 6794 6796 67.73 6755 6578 6345 60.72 56.84 63.54
216H 62.71 63.01 65.50 66.65 7213 7153 7138 7155 7142 68.11 65.77 6013 67.49
240H 6611 65.66 67.63 69.86 7534 7431 7457 7510 7575 7111 6896 63.60 70.67
264H 69.16 68.19 70.04 7232 7681 7635 7659 7719 7847 7370 7139 6691 73.09
288H 7096 69.86 7256 73.65 7732 7740 7792 7822 7993 7521 73.85 6920 74.67
F 3.1.11 GDAPS &4 500hPa 15 o443 A5 [F29] 445
FCST Jan. Feb. Mar. Apr. May. Jun. Jul Aug. Sep Oct. Nov. Dec. Ave.
24H 100 100 100 099 09 100 100 100 100 100 1.00 1.00 1.00
48H 099 099 098 098 098 098 098 099 099 099 099 099 099
72H 097 097 09 096 095 09 096 096 097 098 098 098 097
9%H 094 094 093 091 08 091 091 092 094 094 095 09 093
120H 089 089 08 084 082 08 08 084 08 08 09 09 087
144H 082 083 08 075 072 075 072 074 081 078 082 084 0.78
168H 073 074 070 066 060 0.63 062 063 068 067 073 076 0.68
192H 066 0.65 058 055 049 050 052 052 057 058 064 067 058
216H 057 058 049 049 037 040 042 042 044 046 052 060 048
240H 047 051 044 039 027 030 034 032 032 037 042 051 0.39
264H 039 043 037 030 023 022 026 026 024 029 034 043 031
288H 033 038 029 024 019 018 022 021 018 023 027 034 025
¥ 3.1.12 GDAPS EHE 250hPa F< Mean Error [m/s] 44 %
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H -0.06 -0.03 003 0.08 000 -017 -0.16 -0.18 -0.09 -010 -0.19 -0.11 -0.08
48H -010 -003 0.01 005 007 -019 -017 -021 -012 -0.08 -025 -0.16 -0.09
72H -018 0.02 007 002 0.05 -020 -015 -023 -0.19 -016 -025 -0.17 -0.11
9%H -026 -0.03 -005 0.00 002 -023 -013 -026 -022 -024 -027 -0.15 -0.15
120H -0.36 -0.18 -0.20 -0.07 -0.09 -0.32 -0.16 -029 -025 -030 -0.38 -0.16 -0.23
144H -041 -030 -042 -0.03 -016 -038 -0.15 -033 -030 -032 -041 -014 -0.28
168H -0.58 -046 -052 -0.07 -011 -042 -0.09 -033 -039 -045 -0.39 -012 -0.33
192H -0.82 -048 -0.69 -0.07 -013 -048 -0.04 -035 -058 -050 -040 -0.16 -0.39
216H -095 -055 -090 -0.07 -020 -0.59 0.02 -042 -0.62 -0.56 -043 -021 -0.46
240H -1.03 -047 -112 -003 -029 -057 008 -054 -0.70 -0.59 -051 -0.28 -0.50
264H -1.12 -040 -122 -0.06 -028 -056 0.09 -054 -0.79 -0.66 -0.64 -034 -0.54
288H -127 -050 -125 -015 -037 -047 008 -051 -0.74 -0.87 -0.78 -048 -0.61
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¥ 3.1.13 GDAPS E4Hk 250hPa %<4 RMSE [m/s] 4 4=

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

24H 446 465 506 530 499 405 387 374 366 364 368 3.69 423
48H 628 662 707 732 736 639 608 590 587 572 577 572 634
72H 851 874 919 927 970 88 837 817 825 815 799 795 859
9%6H 1115 11.09 1130 11.60 1216 11.55 10.83 10.59 10.75 11.12 10.68 10.52 11.11
120H 14.10 1335 14.03 14.08 14.43 1393 13.02 1292 1334 1421 13.61 1315 13.68
144H 17.06 1613 16.62 16.73 16.81 1624 1520 1516 16.00 1737 16.82 16.00 16.34
168H 19.64 1871 1925 1871 1931 1853 16.83 17.17 1846 20.07 19.56 18.88 18.76
192H 2158 2110 2147 2080 21.28 20.19 1817 1874 20.61 2219 2186 2129 20.77
216H 2356 2273 2325 2222 2312 2142 1938 19.65 2230 23.89 23.88 2316 2238
240H 2538 2398 2439 2351 2427 2221 2037 2079 23.81 2542 2535 2472 23.68
264H 26.64 2554 2570 2457 2481 2277 21.02 2146 2516 26.62 26.65 2617 24.76
288H 27.75 2656 26.75 2539 25.09 2329 2153 21.69 2578 2728 2775 2726 2551

3122 A=AY E44

o|N

3 3.1.14 GDAPS =A% 3] H 7] (MSLP) Mean Error [hPa] 247 %

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

24H 005 005 0.00 -003 -002 001 005 -002 000 -001 -0.04 -0.03 0.00
48H 004 0.07 -001 -004 -001 0.05 010 0.02 004 0.00 -0.09 -0.07 0.00
72H 001 003 -005 -008 -004 003 010 005 0.09 001 -014 -013 -0.01
9%¢H -0.05 -005 -013 -011 -0.09 -003 011 008 011 001 -016 -0.21 -0.04
120H -0.12 -013 -0.23 -014 -015 -0.09 008 010 013 003 -021 -030 -0.08
144H -022 -022 -033 -012 -020 -0.07 004 010 012 003 -024 -037 -0.12
168H -036 -029 -042 -0.08 -027 -0.04 -0.05 005 0.05 007 -021 -044 -0.17
192H -045 -041 -048 -011 -035 -0.01 -015 001 -0.02 014 -018 -051 -0.21
216H -054 -052 -049 -012 -041 0.02 -018 -0.02 -011 016 -016 -0.54 -0.24
240H -0.63 -060 -052 -013 -047 002 -020 -005 -026 017 -018 -0.62 -0.29
264H -0.72 -065 -058 -017 -049 008 -025 -0.09 -033 012 -023 -074 -0.34
288H -080 -0.75 -059 -021 -053 015 -032 -014 -043 011 -027 -0.78 -0.38

¥ 3.1.15 GDAPS HE=A4Y & H7]}(MSLP) RMSE [hPa]

Mo
1
Y
ofN

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

24H 053 058 05 049 051 051 049 052 052 053 049 053 052
48H 073 078 080 066 067 067 071 073 078 075 066 068 072
72H 084 08 09 079 078 073 083 08 09 08 074 074 082
9%H 092 091 107 089 087 08 091 093 101 09 082 087 091
120H 105 1.00 116 100 097 092 100 102 110 1.04 094 101 1.02
1444 121 113 131 113 110 1.00 111 114 120 116 1.05 117 1.14
168H 139 128 140 127 125 112 121 125 135 129 115 134 127
192H 151 142 154 140 141 127 130 135 142 144 130 149 140
216H 164 157 165 151 150 143 140 148 153 161 144 1.65 1.53
240H 175 170 178 165 159 158 148 162 167 171 159 175 1.66
264 182 178 191 173 165 165 159 169 182 183 169 190 175
288H 195 191 198 178 173 177 167 179 187 192 172 203 1.84
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¥ 3.1.16 GDAPS H =AY 3| H7]H(MSLP) S1 Score [F-2H] 441 Z
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 3241 3237 33.63 3231 3154 2891 2754 29.80 31.39 3235 30.12 29.70 31.01
48H 37.79 3752 3938 3770 36.51 3336 3209 3451 3694 3747 36.07 3511 36.20
72H 40.67 4052 4274 4052 3940 35.76 34.84 3733 4041 4041 39.24 38.07 39.16
96H 43.19 42.68 4528 4282 4145 3741 36.70 3946 43.02 4240 4145 40.64 41.37
120H 4543 4434 4770 44.67 43.04 39.07 3841 4148 4506 4465 4352 4315 4338
144H 4782 4626 4996 46.78 4453 40.64 4038 4330 4697 4655 4579 4555 4538
168H 49.98 4815 52.00 48.61 46.24 4231 4198 4528 4917 4842 4785 48.07 4734
192H 51.78 5019 5425 5056 4780 4391 4330 47.16 50.76 5054 49.83 50.28 49.20
216H 53.58 5155 56.16 52.69 4923 4539 44.68 4879 5195 52.61 b51.21 5247 50.86
240H 5513 5299 5748 5395 5054 46.68 4584 5025 5322 5444 5347 53.87 5232
264H 56.03 5423 59.06 5529 5173 47.60 4755 51.00 5436 56.26 54.70 5535 53.60
288H 57.46 55.82 59.81 56.59 5255 48.89 48.68 5138 54.78 5720 5557 56.60 54.61
¥ 3.1.17 GDAPS H=A4 850hPa 7] Mean Error [C] E44F
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H -0.07 -0.01 -0.02 -0.05 -0.10 -0.11 -0.15 -0.12 -0.09 -0.05 0.05 0.03 -0.05
48H -0.16 -008 -0.06 -0.10 -018 -021 -0.27 -026 -018 -0.13 0.06 001 -0.13
72H -024 -015 -0.09 -015 -023 -030 -036 -038 -028 -019 0.07 0.00 -0.19
9%H -031 -020 -012 -0.19 -025 -035 -044 -047 -034 -027 0.07 0.00 -0.24
120H -036 -023 -0.14 -023 -026 -038 -051 -053 -041 -032 007 001 -027
144H -039 -024 -015 -025 -025 -040 -055 -059 -046 -037 006 001 -0.30
168H -0.43 -027 -0.16 -029 -026 -042 -057 -063 -048 -042 0.02 000 -0.33
192H -046 -028 -0.18 -0.33 -026 -042 -057 -065 -049 -047 0.01 000 -0.34
216H -048 -028 -020 -035 -025 -041 -057 -0.67 -050 -0.50 0.00 0.04 -0.35
240H -050 -028 -0.23 -036 -025 -041 -056 -0.66 -050 -051 0.00 0.04 -0.35
264H -052 -030 -0.27 -037 -026 -040 -054 -067 -049 -052 0.00 0.05 -0.36
288H -053 -029 -030 -039 -026 -037 -052 -070 -049 -054 0.02 0.06 -0.36
# 3.1.18 GDAPS =A% 850hPa 7] RMSE [C] ¥4 4%
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 064 061 061 060 063 064 067 070 069 070 0.64 067 0.65
48H 089 082 08 081 08 087 092 09 094 093 08 086 0.88
72H 106 09 09 095 098 103 107 114 112 108 097 099 1.03
9%H 117 106 107 106 109 113 119 127 122 121 1.06 1.06 113
120H 128 115 117 117 118 123 130 141 135 133 116 113 124
144H 140 123 130 129 127 133 142 154 146 145 125 122 135
168H 150 134 142 140 134 143 155 166 156 156 136 134 146
192H 161 143 153 150 142 151 164 177 167 165 147 146 155
216H 170 153 163 159 150 159 173 18 178 175 158 155 1.65
240H 179 164 170 168 158 167 182 195 188 185 168 163 174
264H 188 175 180 177 167 177 186 202 195 191 177 172 182
288H 193 184 18 18 174 184 193 206 201 199 183 178 1.89
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¥ 3.1.19 GDAPS A =AY 850hPa 7] Sl Score [F-A] E44H%5
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 4471 43.84 4471 4433 44.09 4322 4224 4331 43.81 4422 4325 4348 43.77
48H 55.01 53.80 5497 5454 5395 53.04 5217 53.05 53.73 5416 5459 53.59 53.88
72H 6032 5895 60.13 59.55 5896 58.09 57.10 5823 59.13 59.15 59.86 58.52 59.00
96H 6335 61.82 6346 6274 61.75 60.70 59.78 6098 62.04 6213 6291 6141 61.92
120H 6596 63.72 65.85 65.09 64.02 62.67 61.67 6348 6452 64.72 6532 63.56 64.22
144H 68.27 6553 68.14 67.27 6596 6452 6397 6554 66.63 6682 67.39 6559 66.30
168H 70.13 6751 70.26 68.83 6727 6630 6593 6746 6799 6848 69.54 6790 68.13
192H 71.64 6943 7203 7054 69.00 6785 6729 69.11 69.78 6994 70.75 69.73 69.76
216H 72.89 7091 7319 7197 7005 69.15 6880 7031 70.89 7155 7245 7092 71.09
240H 7417 7216 7439 7350 7105 70.36 6992 7143 7193 7285 7378 7235 7232
264H 7526 7316 7559 7474 7224 7152 7095 7194 7282 7400 7508 7375 7342
288H 76.01 7457 7624 7566 7337 7252 7193 7228 7345 7485 76.09 74.68 74.30
3 3.1.20 GDAPS H =A% 850hPa 7] o] 3dd AT [FAd] 445
FCST Jan. Feb. Mar. Apr. May. Jun. Jul.  Aug. Sep. Oct. Nov. Dec. Ave.
24H 092 092 09 091 091 09 091 08 091 091 091 091 091
48H 085 086 083 084 08 08 083 081 08 08 084 08 084
72H 079 082 078 079 080 076 078 075 078 080 079 081 0.79
9%H 075 078 073 075 076 072 074 070 075 076 075 078 075
120H 071 075 068 071 072 067 069 064 070 072 071 076 0.70
144H 066 072 061 065 068 0.63 063 057 065 067 067 072 0.66
168H 062 0.67 054 060 065 057 055 050 059 062 062 066 0.60
192H 058 0.63 048 054 061 052 049 043 054 058 055 061 055
216H 053 058 043 048 057 047 043 038 047 052 049 056 049
240H 047 051 038 042 053 042 036 032 042 045 043 052 044
264H 043 045 032 036 048 036 033 027 037 040 038 047 0.38
288H 039 038 031 029 043 030 028 026 032 036 033 044 034
¥ 3.1.21 GDAPS =AY 500hPa i1%= Mean Error [m] E44%
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H -143 -1.03 -08 -120 -199 -235 -250 -231 -233 -1.65 -060 -0.96 -1.60
48H -293 -221 -1.70 -203 -310 -3.64 -419 -376 -380 -278 -097 -160 -273
72H -418 -343 -251 -2.77 -387 -457 -523 -462 -454 -355 -096 -199 -352
96H -545 -490 -355 -339 -440 -529 -594 -524 532 -412 -1.01 -260 -4.27
120H -6.93 -629 -476 -396 -502 -586 -675 -579 -6.09 -446 -149 -343 -5.07
144H -831 -760 -6.01 -426 -558 -592 -740 -639 -680 -491 -198 -419 -578
168H -9.89 -888 -735 -463 -618 -597 -815 -713 -767 -528 -215 -504 -6.53
192H -11.10 -10.47 -8.61 -5.62 -680 -5.85 -898 -7.63 -858 -543 -234 -573 -7.26
216H -12.34 -11.95 -948 -642 -738 -564 -942 -789 -950 -590 -251 -6.06 -7.87
240H -13.39 -13.03 -10.27 -7.01 -7.84 -552 -989 -814 -10.65 -619 -3.04 -654 -8.46
264H -14.45 -13.69 -1147 -7.83 -8.00 -490 -1050 -8.68 -11.16 -6.93 -345 -744 -9.04
288H -15.41 -14.50 -12.39 -8.44 -828 -4.08 -11.08 -9.31 -12.01 -7.58 -3.67 -7.84 -9.55
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3 3.1.22 GDAPS =AY 500hPa 1% RMSE [m] &4 4%
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24dH 359 408 381 340 382 395 400 395 397 366 321 343 374
48H 582 620 573 474 539 563 611 598 6.03 533 423 469 549
72H 723 725 68 58 661 68 756 737 727 645 512 555 6.66
9%H 880 871 819 674 748 799 871 843 843 732 599 676 7.79
120H 1047 9.72 946 764 8.69 9.02 992 941 957 822 725 834 897
144H 1242 1144 1113 866 995 10.01 1123 10.69 10.87 946 839 986 10.34
168H 14.54 1334 1276 993 1134 1095 1266 12.06 1237 1071 957 1154 11.81
192H 16.16 1543 1419 11.30 12.82 1193 14.14 1337 13.69 1231 1095 13.31 13.30
216H 17.81 1726 1549 1280 1419 1284 1519 1435 1475 14.04 1239 1493 14.67
240H 19.14 1897 17.11 14.05 1525 13.79 16.27 1533 16.31 1552 1394 16.04 1598
264H 2030 20.01 1852 1490 15.64 14.73 1750 16.50 17.67 16.77 1523 1726 17.09
288H 21.49 2090 19.64 1583 1580 15.19 1843 1783 1877 17.64 15.85 1841 1798
3 3.1.23 GDAPS =A< 500hPa iL% S1 Score [F-2+¢] 471 F
FCST Jan. Feb. Mar. Apr. May. Jun. Jul.  Aug. Sep. Oct. Nov. Dec. Ave.
24H 37.62 3785 38.96 39.00 38.20 3713 34.89 3550 3656 3828 34.89 3555 37.04
48H 4551 4572 4750 4746 4650 44.63 43.03 4347 4542 4637 4399 4395 4530
72H 5036 5054 53.05 5290 51.64 4933 4819 4861 5110 51.29 4954 49.18 5048
96H 5445 5438 5731 57.09 5549 5319 51.84 5231 5522 5483 54.09 53.65 54.49
120H 5828 5724 61.08 6005 59.18 5650 5521 55.86 5896 5823 5790 58.11 58.05
144H 62.02 6041 6448 6322 6262 5997 5848 59.16 6240 6153 61.19 6217 61.47
168H 65.52 6337 67.76 66.67 6621 6346 61.86 6212 6580 6470 64.85 6585 64.85
192H 68.63 66.32 7057 70.06 69.10 66.76 65.18 6529 6829 6798 6858 69.48 68.02
216H 7140 69.18 7356 7287 7156 6951 6753 6837 6993 718 71.76 7277 70.86
240H 7374 7203 7627 7588 7411 7218 69.99 7111 71.77 74.67 75.06 7535 73.51
264H 7596 7322 7850 77.60 76.04 7479 7198 7314 7360 77.16 7788 7753 75.62
288H 7814 74.69 80.28 79.79 77.04 75.74 7432 7483 7545 78.78 79.84 7948 77.36
I 31.24 GDAPS H =AY 500hPa L% ©]44d A [FxY] 445
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 097 097 09 09 09 09 097 09% 09 097 097 097 096
48H 093 093 091 093 093 092 093 092 092 094 094 094 093
72H 091 091 08 09 09 08 09 08 08 091 091 092 090
9%H 088 08 084 08 08 08 08 08 08 089 088 089 087
120H 084 088 080 084 082 08 08 08 08 08 08 084 083
144H 079 084 074 079 076 073 075 077 075 081 079 079 0.78
168H 073 079 068 072 069 066 067 071 068 076 074 072 071
192H 068 073 0.63 065 060 058 057 064 062 068 066 064 0.64
216H 060 0.66 056 055 052 050 050 055 058 061 056 055 056
240H 054 060 046 045 044 043 042 044 050 054 045 046 048
264H 050 057 039 041 040 033 034 037 040 046 038 037 041
288H 045 055 034 036 041 030 027 027 035 041 033 030 0.36
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¥ 3.1.25 GDAPS H =AY 250hPa ¥<; Mean Error [m/s] E44%
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H -0.05 -012 -0.07 -0.08 -0.03 -0.06 -0.03 0.00 -0.06 -0.08 -0.09 -010 -0.06
48H 000 -006 -0.04 -007 006 006 005 005 -001 -0.09 -006 -0.04 -0.01
72H 0.06 000 0.01 -007 012 017 010 011 010 -0.07 0.04 014 0.05
9%H 011 005 004 -005 020 022 012 013 014 -005 017 034 012
120H 016 019 013 003 030 019 004 009 021 -013 019 049 0.16
1444 017 032 019 009 034 021 002 004 023 -022 020 059 018
168H 011 046 023 006 039 028 -003 -0.08 025 -023 026 065 0.20
192H 011 052 029 008 046 030 -005 -010 017 -025 030 062 0.20
216H 019 055 028 015 059 032 -009 -007 0.01 -021 031 058 0.22
240H 017 060 033 015 065 032 -0.09 -0.05 -0.07 -026 027 058 022
264H 016 065 035 021 059 039 -004 001 -010 -032 023 071 024
288H 013 065 039 024 058 031 -003 009 -004 -044 014 069 022
¥ 3.1.26 GDAPS HXEA|Y 250hPa F< RMSE [m/s] E443%
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 380 380 367 344 343 352 357 364 356 358 349 383 3.6l
48H 533 532 518 496 488 500 509 526 508 509 511 553 515
72H 646 650 637 604 6.05 612 631 644 616 630 633 686 6.33
9H 742 741 738 692 711 706 719 728 701 726 735 796 728
120H 822 832 836 768 803 803 795 790 765 815 824 892 812
144H 903 912 918 854 884 899 856 848 841 891 913 980 892
168H 975 985 999 927 974 981 920 913 914 956 1012 10.62 9.68
192H 10.55 10.64 1086 993 10.60 1044 986 978 985 1033 1091 11.35 10.42
216H 11.30 11.15 11.63 10.68 11.52 11.03 10.50 1048 10.51 11.20 11.57 11.89 11.12
240H 12.00 11.59 1228 11.32 1213 11.60 1099 11.26 11.08 12.05 1218 1237 11.74
264H 1274 1223 1288 1191 1251 1217 1139 11.73 1154 1256 1294 13.11 1231
288H 13.18 12.85 13.28 1244 1266 1255 11.82 1220 1199 1295 1347 13.84 12.77
31.23 ity 244 F
# 3.1.27 GDAPS 4+ 3| 7] (MSLP) Mean Error [hPa] #4174 %
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H -0.09 -0.08 -0.05 -0.03 -0.01 003 004 009 004 004 009 006 0.01
48H -012 -009 -0.08 -002 003 0.08 010 014 009 0.06 015 013 0.04
72H -012 -010 -0.11 -0.03 0.03 013 012 017 010 008 015 016 0.04
9%H -0.11 -011 -014 -005 004 019 012 019 013 012 017 019 0.06
120H -0.09 -010 -0.11 -009 005 021 015 020 018 017 027 032 0.09
144H -0.04 -010 -0.09 -014 006 015 019 024 025 027 032 043 013
168H 004 -012 -011 -0.16 008 009 025 033 035 036 040 058 0.18
192H 011 -008 -0.15 -0.19 018 000 029 034 041 043 054 075 022
216H 014 005 -021 -022 021 -014 028 028 058 047 070 091 0.25
240H 029 010 -025 -025 021 -016 023 022 088 056 079 110 031
264H 045 016 -024 -032 021 -028 024 009 103 065 094 128 035
288H 057 028 -029 -039 016 -044 024 008 122 074 1.02 143 0.38
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¥ 3.1.28 GDAPS &+ 3] ¥ 7] (MSLP) RMSE [hPa] #4145

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

24H 081 08 08 093 103 109 119 117 114 098 087 077 097

48H 140 144 149 166 184 201 218 214 208 177 153 134 174

72H 212 224 237 267 288 311 348 331 316 282 238 209 272

9%H 3.04 326 342 394 414 456 512 467 437 424 341 3.08 394

120H 421 446 466 535 558 6.03 693 617 568 551 462 423 529

144H 544 568 607 681 712 7.68 854 768 722 658 575 534 6.66

168H 653 673 732 819 868 921 975 911 867 759 672 641 791

192H 738 762 845 936 10.01 1049 1074 1010 982 853 789 716 8.96
216H 797 828 946 1039 1073 11.60 11.74 1094 1084 937 877 787 9.83
240H 838 880 10.09 11.02 1137 1230 1236 11.77 11.72 10.08 933 840 1047
264H 893 922 1042 1125 1166 1260 1290 1203 1225 1099 994 883 10.92
288H 934 956 1066 1151 1194 1289 1314 1238 1270 11.75 1046 944 1131

# 3.1.29 GDAPS &k 3™ 7] }F(MSLP) S1 Score [F3H¢] =443

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

24H 1693 1657 1621 1620 1647 1746 18.05 1764 1725 16.76 1566 1542 16.72
48H 2458 2445 2419 2432 2470 2687 2750 2685 2629 2503 2356 2292 2511
72H 3198 32.08 3233 33.09 3344 3588 3738 36.22 3464 33.58 31.67 30.60 33.57
96H 3995 40.55 40.68 41.78 42.07 4551 4730 4499 4279 4311 39.60 39.21 42.30
120H 4825 4920 4891 50.03 5015 53.66 56.61 5335 5043 5122 4755 4711 50.54
144H 5643 5635 57.33 5775 5783 6146 6377 60.86 5819 5736 5449 54.63 58.04
168H 63.11 6223 6438 6466 6548 6843 6913 6722 6482 6207 6010 60.88 64.37
192H 6849 6717 7025 7035 7128 7379 7251 7130 7020 66.88 64.86 6447 69.30
216H 72.07 70.84 74.60 7547 7466 7797 7536 7494 7371 7030 6876 6820 73.07
240H 7538 7287 76.65 7774 7719 80.04 7791 7737 7623 7256 7139 7123 7555
264H 7735 7483 7745 7823 7803 8135 7889 78.67 7803 7558 7382 7346 77.14
288H 7935 7583 7770 78.79 7810 8135 80.00 79.17 7884 7825 7537 75.60 7820

¥ 3.1.30 GDAPS 4 850hPa 712 Mean Error [C] &A=

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

24H -0.04 -0.02 -0.07 -019 -036 -043 -042 -038 -031 -016 0.04 005 -0.19
48H -013 -006 -013 -030 -054 -066 -065 -061 -052 -031 005 0.05 -0.32
72H -021 -0.09 -018 -036 -062 -077 -078 -074 -0.65 -042 0.06 0.05 -0.39
9%¢H -027 -013 -021 -039 -0.66 -083 -0.83 -081 -076 -047 0.05 0.05 -0.44
120H -031 -017 -023 -040 -069 -088 -0.86 -087 -0.84 -050 002 005 -047
144H -033 -021 -0.24 -040 -068 -091 -091 -093 -083 -052 0.01 005 -049
168H -035 -021 -0.27 -037 -063 -090 -095 -095 -084 -058 0.00 0.04 -050
192H -039 -022 -027 -031 -060 -086 -098 -096 -085 -0.64 -0.01 -0.01 -0.51
216H -043 -026 -025 -031 -059 -079 -098 -096 -0.88 -072 -0.01 -0.03 -0.52
240H -046 -031 -025 -031 -060 -075 -096 -094 -092 -079 -0.02 -0.04 -0.53
264H -051 -031 -024 -029 -064 -069 -095 -090 -097 -083 -005 -0.08 -0.54
288H -055 -037 -022 -025 -066 -061 -092 -090 -096 -0.87 -009 -0.08 -054
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3 3.1.31 GDAPS &4 850hPa 7] RMSE [C] 441 Z
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 088 08 08 093 100 109 114 112 109 100 081 077 097
48H 127 125 129 138 150 165 173 1.69 166 148 122 114 144
72H 160 158 164 180 195 210 227 220 217 193 160 148 186
9%H 198 196 205 227 241 258 283 271 272 242 200 189 232
120H 241 237 251 280 290 312 339 330 325 29 247 228 281
144H 284 284 3.05 338 343 367 394 377 381 338 293 269 331
168H 325 330 355 393 392 416 436 424 427 375 337 314 377
192H 361 366 4.02 444 428 454 471 465 478 420 381 351 418
216H 391 396 436 479 462 487 502 495 516 458 418 381 452
240H 414 414 460 504 48 512 534 520 541 482 440 404 476
264H 432 440 477 524 500 524 545 539 560 500 462 422 494
288H 451 460 484 534 507 532 555 544 570 521 479 436 506
¥ 3.1.32 GDAPS &RET 850hPa 7]+ Sl Score [F-AH] A4 HZF
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 36.13 3557 33.22 3288 3430 3540 36.31 3543 34.62 3531 3262 3268 3454
48H 47.60 46.26 4393 4421 4626 4770 48.68 4760 46.61 4693 4480 4441 46.25
72H 5486 5326 5093 5199 5414 55.64 57.15 55.63 54.83 5473 5287 5228 54.03
96H 60.74 59.15 57.07 5840 60.56 6235 6393 61.79 6119 61.18 5924 59.11 60.39
120H 65.78 64.83 6239 6394 6586 6749 6941 67.18 6582 66.84 6499 6449 65.75
144H 7016 6936 67.62 6887 7044 7142 7335 7139 7057 70.85 69.61 69.04 70.22
168H 7394 7312 7130 7228 7402 7509 7622 7460 73.61 7349 7324 73.02 73.66
192H 76.87 7558 74.67 7558 7636 7730 7806 7729 7644 7628 7623 76.00 76.39
216H 78.65 7786 76.75 7786 7820 79.21 7947 78.82 78.08 7815 7844 78.00 7829
240H 7998 7878 7833 79.14 7951 80.35 80.80 80.24 7935 79.68 79.89 79.45 79.63
264H 81.01 80.04 7893 79.72 8049 81.17 81.83 81.11 80.30 80.74 81.02 80.71 80.59
288H 8254 81.14 79.14 8044 8040 81.65 8228 81.10 80.77 81.30 8158 81.63 81.16
3 3.1.33 GDAPS &Rt 850hPa 7] o/dd Al [FaHd] 244 F
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 097 097 097 098 097 097 097 097 097 097 098 097 097
48H 093 094 094 095 094 093 093 093 094 094 095 094 094
72H 090 091 091 091 09 08 08 08 09 09 092 091 090
9%H 084 08 08 08 084 081 081 081 084 083 087 08 084
120H 077 079 078 077 076 071 071 071 076 075 081 078 076
144H 067 070 068 066 066 060 061 062 066 067 073 069 0.66
168H 057 059 057 054 055 047 051 051 058 059 064 059 056
192H 047 049 045 040 045 036 043 042 047 050 053 048 045
216H 039 040 035 030 036 026 035 035 037 040 044 039 036
240H 032 035 028 021 029 019 028 029 030 033 037 032 030
264H 026 026 022 015 024 015 025 026 025 027 030 027 024
288H 018 020 021 012 022 013 022 024 022 022 024 021 020
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¥ 3.1.34 GDAPS &8 500hPa 1% Mean

Error [m] ¥4

A

=
= xe)

FCST

Jan.

Feb.

Mar.

Apr.

May.

Jun.

Jul.

Aug.

Sep.

Oct.

Nov.

Dec.

Ave.

24H
48H
72H
96H
120H
144H
168H
192H
216H
240H
264H
288H

-1.23
-1.86
-2.08
-2.10
-2.18
-2.19
-2.17
-2.24
-2.71
-1.92
-1.23
-1.13

-1.34
-1.67
-1.75
-1.80
-1.82
-1.72
-1.80
-1.78
-1.13
-1.07
-0.79
-0.51

-1.18
-1.71
-2.04
-2.09
-1.87
-1.70
-2.00
-2.49
-2.79
-2.58
-2.23
-2.05

-1.96
-2.68
-3.04
-2.94
-2.91
-2.62
-1.85
-1.86
-2.27
-2.43
-2.62
-2.47

-2.77
-4.13
-4.77
-4.76
-4.61
-4.46
-4.08
-3.39
-3.13
-3.03
-3.25
-4.40

-3.22
-4.47
-4.73
-4.69
-4.90
-5.27
-5.39
-5.45
-5.47
-4.61
-4.54
-4.34

-3.50
-4.87
-5.45
-5.77
-6.02
-6.26
-6.51
-6.65
-6.53
-6.22
-5.81
-5.43

-2.72
-4.08
-4.81
-5.12
-5.32
-5.39
-5.23
-6.03
-6.83
-7.37
-7.77
-7.79

-2.61
-3.91
-4.68
-4.99
-4.98
-4.71
-4.54
-4.90
-4.65
-3.39
-2.80
-1.59

-1.30
-2.14
-2.50
-2.56
-2.52
-2.13
-2.19
-2.38
-2.80
-2.79
-2.95
-3.49

0.57
111
141
1.79
2.53
3.22
391
4.96
6.00
6.36
6.90
6.73

0.68
1.60
218
2.63
3.77
4.51
5.33
6.12
6.92
7.89
8.54
9.22

-1.72
-2.40
-2.69
-2.70
-2.57
-2.39
-2.21
-2.17
-2.12
-1.76
-1.54
-1.44

¥ 3.1.35 GDAPS ‘28t 500hPa

1=

RMSE

[m]

i

47

o|N

FCST

Jan.

Feb.

Mar.

Apr.

May.

Jun.

Jul.

Aug.

Sep.

Oct.

Nov.

Dec.

Ave.

24H
48H
72H
96H
120H
144H
168H
192H
216H
240H
264H
288H

7.63
14.26
22.14
31.83
44.38
58.50
70.84
81.77
89.30
93.93

100.56
105.87

7.94
14.39
22.51
33.40
46.39
60.36
72.94
84.70
93.08
99.48

105.46
110.99

7.96
14.95
23.80
35.25
48.44
64.33
79.51
93.36

104.30
112.79
118.03
120.53

8.43
16.24
26.99
40.37
56.71
73.98
91.49

108.01
120.91
128.84
134.09
135.70

9.49
18.43
29.66
42.93
58.78
76.65
95.18

111.24
120.60
127.48
133.43
135.87

9.80
18.47
29.36
43.38
58.26
75.71
92.81

108.89
122.49
132.45
137.08
141.20

10.63 10.25
2095 20.17
3411 3234
5094 46.59
69.99 63.16
87.42 7949

101.80
115.49
128.33
136.91
141.17
144.57

93.80

10.27
20.00
30.99
43.58
58.39
74.84
91.72

106.20 106.52
115.45 119.61
124.63 129.20
129.08 136.37
134.13 141.37

9.25
17.69
28.76
44.00
58.26
71.47
83.26
96.13

105.87
111.76
120.08
129.25

8.27
15.54
24.68
35.22
48.96
62.89
76.12
89.49

101.34
108.63
114.75
119.80

6.87
13.27
21.73
32.98
45.56
57.63
69.72
79.61
89.35
97.33

102.23
108.79

8.90
17.03
27.26
40.04
54.77
70.27
84.93
98.45

109.22
116.95
122.69
127.34

¥ 3.1.36 GDAPS ‘8t 500hPa

3% Sl Score [F2HY]

FCST

Jan.

Feb.

Mar.

Apr.

May.

Jun.

Jul.

Aug.

Nov.

Dec.

Ave.

24H
48H
72H
96H
120H
144H
168H
192H
216H
240H
264H
288H

37.62
45.51
50.36
54.45
58.28
62.02
65.52
68.63
71.40
73.74
75.96
78.14

37.85
45.72
50.54
54.38
57.24
60.41
63.37
66.32
69.18
72.03
73.22
74.69

38.96
47.50
53.05
57.31
61.08
64.48
67.76
70.57
73.56
76.27
78.50
80.28

39.00
47 .46
52.90
57.09
60.05
63.22
66.67
70.06
72.87
75.88
77.60
79.79

38.20
46.50
51.64
55.49
59.18
62.62
66.21
69.10
71.56
7411
76.04
77.04

37.13
44.63
49.33
53.19
56.50
59.97
63.46
66.76
69.51
7218
74.79
75.74

34.89
43.03
48.19
51.84
55.21
58.48
61.86
65.18
67.53
69.99
71.98
74.32

35.50
43.47
48.61
5231
55.86
59.16
62.12
65.29
68.37
7111
73.14
74.83

34.89
43.99
49.54
54.09
57.90
61.19
64.85
68.58
71.76
75.06
77.88
79.84

35.55
43.95
49.18
53.65
58.11
62.17
65.85
69.48
72.77
75.35
77.53
79.48

37.04
45.30
50.48
54.49
58.05
61.47
64.85
68.02
70.86
73.51
75.62
77.36
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F 3.1.37 GDAPS @4t 500hPa 115 o443 Al [F29] 445
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep Oct. Nov. Dec. Ave.
24H 100 100 100 1.00 100 100 100 100 100 100 1.00 1.00 1.00
48H 099 099 099 099 099 099 099 099 099 099 099 099 099
72H 097 097 097 097 09 097 096 09 097 096 097 097 097
9%H 094 093 094 093 092 092 091 092 093 091 094 093 093
120H 088 087 08 08 08 08 083 084 08 08 08 08 0.86
144H 079 078 078 076 076 077 073 075 080 077 082 078 0.77
168H 0.69 0.67 066 063 063 065 063 065 069 069 074 067 0.67
192H 059 055 054 049 050 052 053 057 058 058 064 057 055
216H 052 047 043 035 040 040 044 049 047 049 054 047 045
240H 047 040 033 025 033 031 036 042 038 042 047 038 0.38
264H 038 032 028 019 026 027 032 038 031 033 040 032 031
288H 031 025 026 017 024 024 028 033 026 023 034 024 026
3 3.1.38 GDAPS &Hb 250hPa $< Mean Error [m/s] &4 4%
FCST Jan. Feb. Mar. Apr. May. Jun. Jul.  Aug. Sep. Oct. Nov. Dec. Ave.
24H -0.07 -012 -0.08 0.01 002 005 0.09 005 006 -001 -019 -0.16 -0.02
48H -0.04 -011 -0.06 0.04 009 008 011 009 012 010 -0.15 -0.18 0.00
72H -0.02 -011 -008 003 011 000 007 011 014 006 -010 -0.19 0.00
9%H 0.01 -015 -013 0.04 006 -009 001 006 011 002 -012 -0.26 -0.03
120H -0.03 -0.07 -0.16 0.06 -0.03 -0.01 -0.11 001 -0.01 -0.04 -0.05 -0.31 -0.06
144H -0.06 -0.05 -0.19 0.07 -008 012 -022 -0.09 -015 -0.07 -0.02 -0.30 -0.08
168H -0.26 -0.10 -0.30 -0.03 -0.12 013 -0.33 -018 -024 -0.02 -015 -042 -0.17
192H -033 -019 -031 -010 -026 0.17 -032 -010 -023 0.06 -021 -046 -0.19
216H -033 -026 -032 -022 -037 017 -027 -0.04 -027 005 -023 -043 -0.21
240H -038 -0.17 -039 -025 -050 021 -0.27 -0.07 -032 -0.04 -034 -039 -0.24
264H -045 -019 -051 -039 -064 024 -027 -001 -025 -017 -030 -042 -0.28
288H -039 -0.18 -044 -041 -072 030 -036 0.03 -032 -011 -020 -0.36 -0.26
¥ 3.1.39 GDAPS 24k 250hPa %<4 RMSE [m/s] 4 4=
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 391 404 406 4.09 433 417 428 429 412 416 384 364 408
48H 605 615 631 640 683 653 689 689 653 653 611 577 642
72H 831 833 879 901 940 9.02 972 941 899 89 851 8.05 888
96H 10.66 1097 1138 11.78 1218 11.81 1296 1236 11.70 1191 10.82 10.69 11.60
120H 13.33 1392 14.33 1479 1529 1475 1618 15.63 14.65 14.74 13.55 1345 14.55
144H 16.25 1654 17.65 18.15 1857 1788 19.27 1850 17.78 1729 16.29 15.87 17.50
168H 1894 18.70 2049 21.06 21.85 21.11 21.77 2122 2054 1935 19.11 18.04 20.18
192H 20.94 20.83 23.04 2392 2471 2395 2421 2363 2325 21.82 2127 20.18 22.65
216H 2232 2234 2488 2598 2653 2629 2626 2554 2517 2393 23.05 2210 2453
240H 2319 2376 2613 2738 2794 2796 2791 2735 2649 2522 2428 2341 2592
264H 2450 24.86 26.65 2836 29.05 29.02 28.82 2821 2791 2648 2574 2428 26.99
288H 2536 2593 2716 2898 2931 29.63 29.71 2887 28.62 27.15 26.65 2527 27.72
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31.3 AXFYZA2H] #= AHAZ
3131 22U AEE 0] L3 ofAXo} Jo A=A=

¥ 3.1.40 GDAPS ©¢}A|¢} 850hPa 7] Mean Error [C] #Z54 %

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

24H 0.04 -010 -028 -049 -037 -014 0.02 -0.02 -020 -010 -0.13 -0.15 -0.16
48H 007 -021 -047 -069 -051 -022 009 003 -025 -010 -014 -010 -0.21
72H 014 -015 -055 -079 -049 -023 011 0.08 -025 000 001 0.05 -017
9%H 026 -016 -060 -088 -050 -018 014 011 -025 004 010 014 -015
120H 032 -018 -078 -091 -051 -016 016 003 -025 010 006 006 -0.17
1444 027 -021 -070 -119 -052 -020 018 0.01 -023 0.07 -007 017 -0.20
168H 026 -033 -060 -129 -046 -0.09 025 006 -012 -0.03 003 011 -0.18
192H 046 -025 -054 -122 -021 002 030 001 001 006 018 026 -0.07
216H 0.64 -031 -051 -167 -031 001 030 0.03 -0.08 015 042 029 -0.08
240H 043 -025 -042 -19% -033 001 017 0.02 -0.04 -0.05 029 050 -0.14
264H 024 -039 -027 -169 -008 005 001 0.07 -011 009 057 0.66 -0.07
288H 029 -075 -019 -152 0.01 010 0.00 012 -006 052 079 046 -0.01

¥ 3.1.41 GDAPS ©}A]o} 850hPa 7]-= RMSE [C] &&=

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

24H 181 163 131 140 139 129 126 125 119 126 137 155 139
48H 205 193 163 174 169 161 152 145 144 146 159 177 1.66
72H 234 218 191 213 210 187 182 167 163 173 174 195 192
9%¢H 259 242 221 257 261 226 210 198 193 193 202 217 223
120H 311 282 262 327 323 269 247 233 229 226 241 259 267
144H 352 340 29 381 400 299 288 250 273 257 292 317 312
168H 387 406 346 457 463 350 316 282 313 297 365 370 363
192H 417 447 395 495 513 411 337 317 341 347 412 426 4.05
216H 456 476 421 558 554 447 352 337 378 400 490 476 445
240H 5.03 537 457 599 588 448 365 363 401 416 550 522 479
264H 545 563 505 614 583 477 366 377 434 454 583 536 5.03
288H 548 598 512 614 614 490 371 388 459 502 628 535 522

¥ 3.1.42 GDAPS o}A|o} 850hPa 7] TREND [¥x+9] #=71=

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

24H 088 092 091 094 094 088 084 084 091 092 094 090 090
48H 090 093 092 09 09 091 08 087 092 094 095 093 092
72H 090 093 092 093 09 091 08 08 091 093 094 092 091
9%H 090 093 0% 091 094 08 081 08 08 092 092 091 0.89
120H 08 091 08 083 09 08 077 078 08 089 089 088 0.86
1444 082 087 08 078 08 08 072 077 08 087 084 082 081
168H 077 082 075 071 071 076 069 073 077 080 077 075 0.75
192H 072 078 071 070 059 067 069 068 074 079 075 071 071
216H 066 073 068 064 051 061 068 064 070 074 066 066 0.66
240H 058 067 065 060 050 059 067 060 067 070 057 063 0.62
264H 053 063 059 056 052 056 067 058 062 064 054 0.60 0.59
288H 057 058 055 054 053 056 065 055 058 058 045 054 0.56
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3 3.143 GDAPS ©}A]o} 500hPa 1% Mean

Error [m/s] &A=

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H -037 -046 -093 -044 08 133 160 271 164 104 -077 -176 037
48H -289 -335 -257 -180 -038 067 022 19 179 258 -0.65 -216 -0.55
72H  -343 -3.68 -442 -209 -069 016 025 18 187 391 036 -1.29 -0.60
9%H -357 -184 -373 -278 -071 -l64 033 078 -068 480 090 -1.80 -0.83
120H -4.74 -083 -342 -191 -064 -246 -024 010 -231 380 -0.05 -3.08 -1.31
144H -610 -0.65 -253 -292 -044 -201 -291 -066 -279 1.09 -124 -337 -204
168H -736 189 -3.74 -3.07 -1.02 -201 -418 -291 013 014 -025 -1.81 -2.02
192H -6.77 210 -4.08 313 -043 -262 -192 -497 338 066 373 174 -0.51
216H -820 058 -424 -254 -070 -170 -022 -8.03 183 147 503 044 -1.36
240H -10.50 -0.23 -639 -717 -261 -132 -150 -943 337 162 916 -3.81 -240
264H -1521 -1.15 -3.03 -459 -357 -5.06 -086 -565 491 244 968 -253 -2.05
288H -1449 -152 028 358 -040 -777 024 -213 398 345 1069 444 0.03
¥ 3.1.44 GDAPS ©¢}A]¢} 500hPa 2% RMSE [m/s] #Z3HZ
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 1394 1345 1269 11.84 1183 1193 1214 12.07 1144 11.60 1272 1424 1249
48H 1743 1750 15.88 1594 15.14 1446 1473 1469 14.05 1430 1542 17.02 15.55
72H  23.61 2275 2131 2217 2088 1822 1831 1855 1848 1818 19.03 21.21 2022
96H 3146 3054 29.01 3270 29.73 2394 2287 2473 2434 2354 2497 29.70 27.29
120H 43.47 4116 3923 4476 3933 3033 2841 31.16 30.77 3045 33.19 4038 36.05
144H 53.74 53.61 49.12 5646 5445 37.01 3446 3632 3897 39.14 4450 49.60 45.61
168H 64.26 6411 5931 65.03 6633 4561 40.03 4416 4945 4885 57.01 59.71 55.32
192H 7415 7265 69.04 7442 7646 5356 4240 51.80 5857 5892 69.66 71.61 64.44
216H 8279 8333 76.73 8333 83.79 5924 4737 5730 6476 6651 84.00 8130 7254
240H 91.70 9539 85.19 90.34 86.85 64.74 51.24 6148 7192 7426 9789 8832 79.94
264H 98.14 100.58 91.66 93.69 8893 69.09 53.72 60.89 79.68 8218 104.83 92.71 84.67
288H 96.47 10553 9552 99.36 9090 71.14 5631 64.22 83.04 86.04 109.58 100.78 88.24
¥ 3.1.45 GDAPS ©}A]o} 500hPa i1% TREND [F-x+¢l] #=74H=
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 098 098 097 098 097 094 092 094 097 097 098 098 097
48H 098 098 098 098 098 09 094 09 097 098 099 098 097
72H 097 098 097 097 098 09 092 095 097 097 098 097 096
9%H 096 09 095 093 09% 094 089 092 09 095 09% 095 094
120H 093 091 091 088 093 091 08 08 091 094 093 092 091
144H 090 08 08 083 084 087 081 08 08 091 088 087 0.86
168H 086 082 081 08 075 08 076 081 082 08 081 081 081
192H 081 081 077 078 067 072 075 075 076 079 075 076 0.76
216H 075 076 072 073 061 067 071 072 071 075 066 070 0.71
240H 0.67 069 068 070 062 061 069 070 065 069 055 066 0.66
264H 062 065 063 069 061 060 066 068 056 064 047 0.62 0.62
288H 0.64 062 058 066 061 063 064 063 055 056 040 049 0.59
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¥ 3.1.46 GDAPS ©}A]¢} 250hPa

%4 Mean Error [m/s] #=4=

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H -0.82 -0.67 -0.62 -033 -036 -037 -032 -040 -020 -029 -056 -0.62 -0.46
48H -0.72 -070 -080 -066 -048 -053 -040 -038 -022 -042 -0.72 -0.74 -0.56
72H -095 -084 -08 -058 -056 -047 -050 -0.61 -0.28 -040 -0.60 -0.58 -0.60
9%H -099 -084 -127 -068 -0.62 -042 -041 -050 -036 -051 -051 -0.54 -0.64
120H -092 -099 -159 -055 -055 -053 -052 -027 -034 -049 -043 -046 -0.64
144H -090 -108 -181 -040 -0.73 -0.38 -0.22 -027 -049 -021 -052 -049 -0.62
168H -1.01 -1.05 -1.78 -049 -080 -027 -025 -0.02 -052 -042 -0.62 -054 -0.65
192H -111 -066 -2.06 -061 -083 -036 -025 -0.02 -055 -046 -0.84 -0.80 -0.71
216H -121 -097 -18 -069 -087 -056 001 013 -0.68 -0.64 -116 -0.75 -0.77
240H -125 -0.68 -195 -0.82 -1.01 -041 -0.02 045 -057 -054 -182 -077 -0.78
264H -133 -063 -232 -078 -122 000 003 027 -066 -045 -251 -130 -091
288H -129 -049 -291 -118 -136 008 -037 052 -033 -040 -280 -1.03 -0.97
¥ 3.1.47 GDAPS ©} Ao} 250hPa <4 RMSE [m/s] #Z7H=
FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 482 533 544 602 600 617 569 568 535 485 436 4.64 536
48H 566 631 683 789 774 833 738 752 692 568 536 559 677
72H 725 752 846 955 9.69 1022 933 918 820 671 661 7.06 832
96H 942 9.09 1042 1228 12.06 12.04 11.03 11.01 990 836 8.09 8.87 1021
120H 11.96 11.08 1274 15.03 1451 1395 1273 1262 1146 10.00 9.79 11.20 12.25
144H 13.85 13.62 14.81 1730 1692 16.07 14.63 1394 1353 1241 1150 1297 14.30
168H 15.67 1512 16.84 1941 1952 1775 1575 15.89 1570 14.22 14.11 15.08 16.26
192H 1737 16.77 1822 21.04 2158 19.18 1623 1722 1758 1726 1629 17.92 18.06
216H 18.83 18.17 19.82 2236 2347 2032 1729 1829 19.08 19.21 18.66 19.71 19.60
240H 19.83 19.93 2092 2314 2424 20.75 18.07 19.32 20.23 20.24 21.04 20.56 20.69
264H 21.01 2098 2244 2387 2452 2194 1874 1957 2157 20.99 2250 2126 21.62
288H 21.67 21.85 2284 2540 2500 2229 19.34 20.67 2233 21.61 2312 2262 2239
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3.1.3.2 GDAPS 4% (

SHHl =

had

[

767N

3 3.1.48 GDAPS 7<= Threat Score

ASOS A #A=

2+ 5)

44 -

Threshold = 0.1 mm Threshold = 5 mm
MNMH| 12H 24H 36H 48H 60H 72H |TOTAL|MNIH| 12H 24H 36H 48H 60H 72H |TOTAL
Jan. | 0.57 050 049 044 045 045 | 048 || Jan. | 037 034 027 023 017 017 | 0.24
Feb. | 066 066 063 062 056 056 | 0.61 | Feb. | 0.61 054 054 0.60 056 044 | 0.54
Mar. | 059 055 051 049 042 045 | 050 | Mar. | 033 033 030 024 020 018 | 0.26
Apr. | 060 055 049 045 041 039 | 047 || Apr. | 0.67 0.64 058 051 047 038 | 0.53
May. | 050 047 045 041 037 040 | 043 |[May.| 038 036 029 033 020 0.26 | 030
Jun. | 046 041 040 038 040 035|040 | Jun. | 0.36 027 031 027 026 022 | 0.28
Jul. | 056 052 049 047 048 047 | 050 || Jul. | 040 036 032 027 0.27 027 | 031
Aug. | 053 050 051 048 044 044 | 048 | Aug.| 041 033 031 028 022 023 | 0.29
Sep. | 053 053 053 052 050 048 | 0.52 || Sep. | 0.60 0.64 056 047 042 043 | 0.51
Oct. | 050 048 048 046 043 043 | 046 || Oct. | 065 061 053 050 055 042 | 0.54
Nov. | 041 039 038 035 033 029 | 035 | Nov.| 036 029 020 022 020 024 | 025
Dec. | 051 044 040 038 037 034 | 040 || Dec. | 0.67 057 053 045 043 047 | 0.52
TOTAL| 0.53 050 048 045 043 042 | 047 |TOIAL| 046 041 038 034 031 029 | 0.36
Threshold = 15 mm Threshold = 25 mm
MNMH| 12H 24H 36H 48H 60H 72H |TOTAL|MNIH| 12H 24H 36H 48H 60H 72H |TOTAL
Jan. | 025 023 010 021 025 0.00 | 018 || Jan. | 0.00 0.00 0.00 0.00 0.00 0.00 [ 0.00
Feb. | 052 042 061 056 056 0.25 | 049 || Feb. | 0.00 0.07 029 0.29 0.08 0.06 | 0.15
Mar. | 021 020 0.00 012 013 012 | 013 | Mar. | 0.00 0.00 0.00 0.00 0.00 0.00 [ 0.00
Apr. | 044 041 032 031 031 019 | 031 || Apr. | 031 023 017 023 017 0.07 | 017
May. | 0.05 010 0.09 0.03 0.03 0.02 | 0.05 || May.| 0.00 0.00 0.00 0.00 0.00 0.00  0.00
Jun. | 028 015 020 019 016 0.15 | 019 | Jun. | 0.14 0.04 000 0.02 0.07 0.08 | 0.06
Jul. | 029 023 021 016 017 017 | 020 || Jul. | 024 020 016 012 013 014 | 0.16
Aug. | 027 021 018 016 014 0.13 | 0.18 || Aug. | 018 013 011 011 0.08 0.05 | 0.11
Sep. | 047 048 039 034 030 031 | 037 | Sep. | 0.50 046 037 028 026 0.29 | 0.35
Oct. | 056 046 038 030 030 024 | 036 | Oct. | 046 037 031 028 024 019 | 029
Nov. | 019 010 0.00 0.00 0.06 0.22 | 0.09 || Nov.| 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00
Dec. | 023 016 019 017 004 0.00 | 0.14 || Dec. - - - 0.00 - - 0.00
TOTAL| 033 028 025 021 021 017 | 0.24 |TOIAL| 0.26 021 018 015 0.14 013 | 0.18
Threshold = 50 mm
MNH| 12H 24H 36H 48H 60H 72H |TOTAL
Jan. - - - - - - -
Feb. - - - - - - -
Mar. - - - - - - -
Apr. | 0.00 0.00 0.00 0.00 0.06 0.00 | 0.01
May. - - - 0.00 - 0.00 | 0.00
Jun. | 0.00 000 0.00 0.00 0.00 0.00 | 0.00
Jul. | 011 010 0.07 0.04 006 0.06 | 0.07
Aug. | 006 002 006 002 0.04 0.00 | 0.03
Sep. | 026 019 020 017 017 0.15 | 0.19
Oct. | 067 027 029 014 013 0.11 | 0.20
Nov. - - - - - - -
Dec - - - - - - -
TOTAL| 0.14 010 0.0 0.06 0.08 0.06 | 0.09




¥ 3.1.49 GDAPS 7+ Equitable Threat Score

Threshold = 0.1 mm

Threshold = 5 mm

MNH| 12H 24H 36H 48H 60H 72H |TOTAL|MNIH| 12H 24H 36H 48H 60H 72H |TOTAL
Jan. | 052 044 043 037 038 038 | 041 || Jan. | 036 034 027 022 017 016 | 0.23
Feb. | 061 061 057 057 050 049 | 056 | Feb. | 060 052 053 0.59 054 042 | 0.53
Mar. | 053 049 044 042 034 036 | 042 |Mar. | 031 031 028 022 019 017 | 0.24
Apr. | 053 047 039 035 031 028 | 038 | Apr. | 064 062 055 048 044 0.35 | 0.50
May. | 044 040 038 033 029 032 | 036 [May.| 036 035 028 032 018 0.24 | 0.28
Jun. | 036 030 029 027 029 024|029 | Jun. | 033 024 028 024 023 019 | 0.25
Jul. | 030 025 020 018 019 018 | 021 || Jul. | 030 0.27 023 017 017 0.16 | 0.22
Aug. | 031 027 029 025 021 020 | 025 |Aug.| 033 024 023 020 014 014 | 021
Sep. | 046 046 046 045 042 041 | 044 || Sep. | 058 0.62 053 044 039 039 | 048
Oct. | 042 040 040 038 034 035|038 || Oct. | 064 059 051 048 053 0.39 | 052
Nov.| 035 033 032 029 026 023|029 [Nov.| 036 028 019 022 020 024 | 024
Dec. | 044 035 031 028 027 025 | 031 | Dec. | 066 056 052 044 042 046 | 051
TOTAL| 0.44 040 038 035 032 031 | 037 |TOIAL| 043 039 035 031 028 026 | 0.33
Threshold = 15 mm Threshold = 25 mm
MNH| 12H 24H 36H 48H 60H 72H |TOTAL|MNIH| 12H 24H 36H 48H 60H 72H |TOTAL
Jan. | 025 023 010 021 025 0.00 | 018 || Jan. | 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00
Feb. | 051 042 061 056 055 0.25 | 049 | Feb. | 0.00 0.07 029 0.29 0.08 0.05 | 0.15
Mar. | 021 020 000 012 012 012 | 013 | Mar. | 0.00 000 0.00 0.00 0.00 0.00 | 0.00
Apr. | 043 040 030 030 030 0.17 | 030 | Apr.| 030 023 016 023 017 0.07 | 017
May. | 005 010 0.08 0.03 0.03 0.02 | 0.05 |May.| 000 0.00 0.00 0.00 0.00 0.00 | 0.00
Jun. | 027 015 020 019 015 0.14 | 018 | Jun. | 0.14 0.04 000 0.02 0.06 0.07 | 0.06
Jul. | 025 019 017 011 012 011 | 016 | Jul. | 022 0.17 014 0.09 010 011 | 0.14
Aug.| 023 017 015 013 011 0.10 | 0.15 || Aug. | 017 011 010 0.09 0.07 0.04 | 0.10
Sep. | 046 046 038 033 028 029 | 036 || Sep. | 049 046 036 027 025 028 | 0.34
Oct. | 056 045 037 029 029 023 | 035 | Oct. | 045 037 031 028 023 0.18 | 0.29
Nov.| 019 010 0.00 0.00 0.05 0.22 | 0.09 |Nov.| 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00
Dec. | 023 016 019 0.17 0.04 0.00 | 0.14 || Dec. - - - 0.00 - - 0.00
TOTAL| 032 027 024 020 020 0.16 | 023 |TOIAL| 0.26 021 018 015 014 012 | 0.17
Threshold = 50 mm

MNH| 12H 24H 36H 48H 60H 72H |TOTAL

Jan. - - - - - - -

Feb. - - - - - - -

Mar. - - - - - - -

Apr. | 000 000 0.00 0.00 0.06 0.00 | 0.01

May. - - - 0.00 - 0.00 | 0.00

Jun. | 000 000 0.00 0.00 0.00 0.00 | 0.00

Jul. | 010 0.09 0.06 0.03 0.05 005 | 0.06

Aug. | 005 002 006 002 0.04 0.00 | 0.03

Sep. | 026 018 020 017 017 0.15 | 0.19

Oct. | 067 027 028 014 012 0.11 | 0.20

Nov. - - - - - - -

Dec - - - - - - -
TOTAL| 0.14 010 0.09 0.06 0.08 0.06 | 0.09
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¥ 3.1.50 GDAPS 7F4 BIAS

Threshold = 0.1 mm

Threshold = 5 mm

MNMH| 12H 24H 36H 48H 60H 72H |TOTAL|MNH| 12H 24H 36H 48H 60H 72H |TOTAL
Jan. | 1.20 139 135 152 150 147 | 141 || Jan. | 0.89 124 1.06 184 200 232 | 1.56
Feb. | 1.17 120 116 124 119 136 | 1.22 || Feb. | 098 097 099 116 133 1.73 | 1.19
Mar. | 1.10 117 118 122 132 132 | 122 |Mar.| 085 1.00 1.05 123 1.02 1.10 | 1.04
Apr. | 128 146 157 1.69 181 200 | 1.63 || Apr. | 1.00 1.02 083 1.05 117 1.31 | 1.06
May. | 145 165 177 190 199 192 | 1.78 ||May.| 068 087 115 096 091 153 | 1.02
Jun. | 165 177 173 179 167 170 | 1.72 || Jun. | 1.15 097 110 1.04 130 1.21 | 1.13
Jul. | 1.55 1.63 1.63 158 156 156 | 1.58 || Jul. | 1.20 123 1.06 111 1.08 124 | 1.15
Aug. | 161 156 151 148 148 157 | 1.54 | Aug.| 098 0.99 097 099 090 097 | 097
Sep. | 1.62 1.63 1.62 164 176 172 | 1.67 | Sep. | 0.94 1.07 111 122 149 149 | 1.22
Oct. | 1.58 153 145 155 1.62 158 | 1.55 | Oct. | 1.02 1.05 112 096 1.08 1.25 | 1.08
Nov. | 1.68 196 217 218 230 259 | 215 |Nov.| 072 0.89 081 084 1.07 1.33 | 094
Dec. | 147 166 164 174 175 173 | 1.67 || Dec. | 1.16 092 1.07 105 0.97 089 | 1.01
TOTAL| 147 155 156 159 162 166 | 1.57 |[TOIAL| 1.03 1.06 1.02 1.08 111 124 | 1.09
Threshold = 15 mm Threshold = 25 mm
MNMH| 12H 24H 36H 48H 60H 72H |TOTAL|MNIH| 12H 24H 36H 48H 60H 72H |TOTAL
Jan. | 050 0.60 010 070 050 030 | 045 || Jan. | 0.00 050 0.00 0.00 0.00 0.00 | 0.08
Feb. | 063 050 1.09 117 122 0.65 | 0.88 || Feb. | 0.00 0.07 1.07 1.07 080 0.27 | 0.54
Mar. | 325 350 225 375 350 3.75 | 3.33 || Mar. - - - - - - -
Apr. | 088 128 103 101 143 1.85 | 1.25 | Apr. | 047 1.00 119 134 197 3.09 | 151
May. | 083 087 170 1.61 052 3.48 | 1.50 || May. - - - - - - -
Jun. | 060 037 060 046 122 0.85 | 0.68 | Jun. | 0.26 029 018 016 1.05 0.50 | 0.41
Jul. | 093 087 084 08 090 110 | 091 || Jul. | 0.82 0.74 081 085 0.82 114 | 0.86
Aug. | 062 061 055 054 048 059 | 057 | Aug.| 045 047 040 038 029 034 | 039
Sep. | 0.85 1.03 113 108 139 143 | 1.15 | Sep. | 0.84 092 1.00 084 138 125 | 1.04
Oct. | 085 110 117 1.03 127 140 | 1.14 || Oct. | 0.70 1.03 095 120 142 142 | 112
Nov. | 046 069 038 031 046 0.69 | 050 || Nov.| 020 0.00 020 0.80 0.60 0.00 | 0.30
Dec. | 200 1.69 131 075 056 056 | 1.15 || Dec. - - - - - - -
TOTAL| 0.80 0.83 0.84 081 092 1.07 | 0.88 |[TOIAL| 0.64 0.68 0.71 073 0.84 099 | 0.76
Threshold = 50 mm

MNH| 12H 24H 36H 48H 60H 72H |TOIAL

Jan. - - - - - - -

Feb. - - - - - - -

Mar. - - - - - - -

Apr. | 000 000 014 014 157 286 | 0.79

May. - - - - - - -

Jun. | 000 000 020 010 1.00 0.20 | 0.25

Jul. | 079 079 1.00 1.05 098 1.28 | 0.98

Aug. | 030 035 046 024 014 025 | 0.29

Sep. | 1.15 089 141 078 207 122 | 1.25

Oct. | 067 083 050 1.28 294 233 | 143

Nov. - - - - - - -

Dec - - - - - - -
TOTAL| 0.60 0.60 0.77 070 1.02 1.04 | 0.79
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3.2 AYd & 28 (RDAPS)
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3.22 RDAPS X A=

¥ 3.2.1 RDAPS 850hPa 7] Mean Error [C] &4 %

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
12H -019 -020 -011 -018 -013 -0.05 -0.10 -0.09 -012 -011 -0.14 -0.21 -0.14
244 -030 -034 -022 -035 -027 -014 -018 -018 -021 -0.18 -021 -0.34 -0.24
36H -036 -043 -029 -045 -037 -019 -021 -023 -023 -021 -023 -041 -0.30
48H -039 -049 -036 -053 -043 -025 -024 -028 -026 -022 -022 -046 -0.34
60H -042 -053 -037 -058 -046 -029 -023 -031 -027 -021 -020 -0.50 -0.36
72H -044 -056 -037 -060 -047 -028 -024 -030 -027 -018 -018 -054 -0.37
84H -046 -059 -036 -059 -047 -027 -023 -030 -024 -015 -017 -0.57 -0.37

¥ 3.2.2 RDAPS 850hPa 7] RMSE [C] &4 AZ

FCST Jan. Feb. Mar. Apr. May. Jun. Jul Aug. Sep. Oct. Nov. Dec. Ave.
12H 105 106 08 089 087 08 08 080 081 08 09 1.04 091
244 128 127 108 113 111 105 106 101 101 106 119 132 113
36 153 148 128 131 131 123 123 117 119 125 140 155 133
48H 168 161 141 147 148 137 137 130 131 137 154 170 147
60H 186 178 157 164 166 152 150 139 145 151 167 185 1.62
72H 201 190 168 180 183 165 165 150 155 162 177 197 174
84H 218 202 184 197 202 177 177 163 167 172 1838 210 1.88

3 323 RDAPS 850hPa 7] Sl Score [F2F<l] 44 %

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
12H 5222 5328 5582 5736 5953 6299 63.86 6336 60.82 5730 5452 5190 57.75
24H 5856 59.83 63.53 65.77 68.67 7242 73.68 7353 70.04 6553 6174 5883 66.01
36H 6110 6227 6642 68.67 7183 7554 7694 7678 7345 6852 6436 61.08 68.91
48H 62.76 63.80 6836 70.63 73.70 7729 7897 78.87 7534 70.00 6576 6243 70.66
60H 6410 6494 70.06 7224 7541 7873 8033 8017 7678 7134 6682 6359 72.04
72H 6543 6613 7118 73.62 7688 79.95 8141 8132 77.89 7245 6782 6446 7321
84H 6652 67.09 7230 7505 7817 81.03 8250 8252 7885 7349 68.88 65.64 74.34

¥ 3.2.4 RDAPS 500hPa A|93L% Mean Error [m] £473 3

FCST Jan. Feb. Mar. Apr. May. Jun. Jul Aug. Sep. Oct. Nov. Dec. Ave.
12H -215 -186 -102 -067 -057 -079 -182 -219 -091 -117 -299 -348 -1.64
24H -432 -508 -276 -135 -076 -158 -341 -376 -203 -237 -314 -5.62 -3.01
36H -644 -735 -430 -188 -141 -248 -473 -478 -211 -221 -329 -6.59 -3.96
48H -619 -799 -462 -209 -138 -253 -431 -510 -1.64 -149 -3.00 -722 -3.96
60H -6.04 -843 -448 -205 -167 -3.08 -417 -553 -141 -078 -250 -7.34 -3.95
72H -648 -895 -491 -219 -211 -328 -404 -633 -150 -014 -241 -686 -4.10
84H -6.26 -811 -420 -213 -254 -399 -406 -811 -201 -084 -356 -833 -4.51
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3% 3.2.5 RDAPS 500hPa A ¢l % RMSE [m] &4 4%

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

12H 543 545 494 469 449 445 465 491 465 477 549 622 501

24H 815 868 756 687 664 691 739 78 773 757 738 9.60 770

36H 11.62 1159 1011 922 912 948 991 1062 1042 1019 9.61 1236 10.36
48H 14.04 1349 11.89 1150 1141 11.52 12.08 13.07 1296 1247 11.77 14.66 1257
60H 16.67 16.04 1416 13.64 14.07 13.57 1457 1564 1543 1437 1399 16.58 14.89
72H 19.83 1859 1715 16.27 16.84 1522 1747 1850 1814 1619 1624 1878 17.44
84H 2259 2022 1982 1914 20.17 1693 20.17 2195 2090 17.81 19.01 21.85 20.05

X 3.2.6 RDAPS 500hPa A 912X Sl Score [F2H¢Y] X4 F

FCST Jan. Feb. Mar. Apr. May. Jun. Jul.  Aug. Sep. Oct. Nov. Dec. Ave.

12H 1779 1819 20.00 21.71 26.78 32.84 3722 3590 28.12 2261 18.11 1714 24.70
24H 2072 2092 2329 2537 3124 3792 4257 4146 33.02 2626 21.01 2021 28.67
36H 2265 2254 2517 2754 3370 40.76 4550 4450 35.86 2831 2259 2197 30.92
48H 2436 2397 2682 29.60 35.84 4317 4796 47.06 3833 29.89 23.84 2341 3285
60H 2579 2552 2857 3132 37.77 4530 5051 49.83 4046 3122 2486 2456 34.64
72H 2714 2693 3030 3326 39.82 46.69 5321 5233 4257 3245 2598 25.81 36.38
84H 28.62 28.02 32.03 35.04 4180 4812 56.07 5485 4438 33.65 2725 2713 38.08

¥ 3.2.7 RDAPS 300hPa &< Mean Error [m/s] #4343 %

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

12H -016 000 -019 000 001 000 -0.05 -004 0.07 -002 -0.03 -010 -0.04
24H -023 -0.04 -018 000 -001 -006 -0.09 -006 0.03 -0.07 003 -0.07 -0.06
36H -024 -011 -030 -011 -013 -008 -016 -014 -0.06 -016 -0.03 -0.07 -0.13
48H -023 0.00 -028 -014 -011 -012 -027 -024 -015 -020 -0.05 -0.03 -0.15
60H -025 001 -030 -020 -018 -0.08 -041 -029 -023 -025 -0.04 0.03 -0.18
72H -031 -0.01 -042 -031 -010 -0.03 -054 -038 -033 -0.27 -0.08 011 -0.22
84H -035 -010 -058 -039 -015 -0.09 -0.64 -044 -043 -039 -017 014 -0.30

# 3.2.8 RDAPS 300hPa %< RMSE [m/s] #4943

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

12H 343 357 370 372 38 381 363 365 365 353 339 344 361
24H 456 474 517 526 540 545 515 517 521 495 461 462 503
36H 532 555 617 638 659 657 614 617 629 590 542 548 6.00
48H 590 622 699 735 741 743 702 708 710 649 603 617 677
60H 647 673 782 821 825 825 780 797 779 704 653 6.65 746
72H 703 734 878 892 9.09 891 850 856 847 761 718 735 814
84H 782 781 953 972 1015 951 918 920 9.09 8.08 794 8.08 884
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323 AQAEN 29 BEAF
3231 Al ZAxY BEAF A5 FA

500hPa Height RMSE(observation)
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3232 EUAEE ©]&3F RDAPS

¥ 3.29 RDAPS 850hPa 7] Mean Error [C] &S Z

FCST Jan. Feb. Mar. Apr. May. Jun. Jul Aug. Sep. Oct. Nov. Dec. Ave.
12H -020 -025 -026 -028 -018 -0.04 -010 -0.14 -018 -016 -030 -0.29 -0.20
24H -027 -036 -033 -044 -029 -011 -020 -023 -024 -022 -036 -037 -0.29
36H -032 -042 -041 -056 -039 -018 -024 -027 -027 -026 -037 -041 -0.34
48H -034 -049 -045 -067 -044 -028 -030 -033 -030 -030 -038 -0.47 -0.40
60H -036 -052 -048 -074 -045 -031 -029 -038 -033 -030 -040 -053 -0.42
72H -042 -052 -053 -076 -046 -031 -031 -039 -032 -027 -042 -056 -0.44
84H -045 -057 -053 -081 -041 -031 -030 -040 -032 -021 -040 -0.60 -0.44

¥ 3.2.10 RDAPS 850hPa 7] RMSE [C] #=4 =

FCST Jan. Feb. Mar. Apr. May. Jun. Jul Aug. Sep. Oct. Nov. Dec. Ave.
12H 134 137 116 119 124 114 118 118 116 122 132 136 124
24H 142 144 125 132 136 122 127 127 125 134 145 150 134
36H 154 159 139 147 153 133 139 137 139 150 159 165 148
48H 167 169 151 164 164 149 150 147 147 161 172 179 1.60
60H 177 183 167 180 180 1.62 162 154 163 174 183 193 173
72H 191 193 177 194 197 175 171 164 173 180 191 204 184
84H 207 205 18 210 210 187 184 172 18 189 199 215 196

¥ 3.2.11 RDAPS 500hPa A|913I% Mean Error [m] #Z7H3

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
12H -383 -383 -331 -249 -180 -067 -076 -080 -081 -255 -426 -510 -252
24H -595 -691 -446 -282 -143 -099 -217 -238 -1.82 -349 -435 -730 -3.67
36H -846 -932 -609 -323 -175 -167 -376 -353 -189 -328 -452 -813 -4.64
48H -850 -10.08 -6.68 -3.72 -152 -154 -351 -381 -125 -227 -440 -8.68 -4.66
60H -8.34 -1038 -6.68 -3.84 -138 -205 -353 -416 -074 -137 -409 -916 -4.64
72H -9.03 -11.09 -756 -445 -154 -257 -337 -477 -069 -0.65 -433 -888 -491
84H -889 -1075 -7.37 -472 -193 -3.67 -340 -670 -091 -113 -560 -1041 -5.46

# 3.212 RDAPS 500hPa A9¥131%= RMSE [m] #34 %5

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
12H 1127 1158 1140 999 957 932 1002 998 958 990 1088 11.72 1043
24H 13.02 1373 13.08 1142 10.65 1032 11.28 1140 10.98 11.27 11.83 1429 11.94
36H 1572 16.12 1473 1271 1208 11.77 1283 1325 1255 1282 1326 16.11 13.66
48H 1736 1748 16.27 1433 1359 13.55 1430 15.00 1431 14.17 1484 17.87 15.26
60H 1933 19.70 1824 16.06 1545 15.04 1620 16.75 16.07 1545 1638 1949 17.01
72H 2184 2199 2032 1834 1782 1634 18.66 1873 1845 16.52 1831 21.38 19.06
84H 2432 2331 2253 2064 2084 18.01 2091 2168 20.66 18.04 2090 2454 21.36

- 51 -



3 3.2.13 RDAPS 300hPa

%% Mean Error [m/s]

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
12H -1.09 -082 -097 -038 -036 -031 -023 -035 -0.08 -036 -0.78 -0.95 -0.56
24H -111 -082 -089 -034 -049 -044 -031 -044 -020 -046 -071 -0.86 -0.59
36H -1.09 -095 -1.08 -046 -0.70 -056 -033 -047 -026 -059 -0.79 -0.90 -0.68
48H -1.05 -082 -1.11 -056 -081 -056 -041 -057 -044 -064 -075 -0.86 -0.72
60H -1.04 -081 -114 -065 -1.02 -052 -053 -058 -050 -0.74 -0.79 -0.76 -0.76
72H -1.08 -083 -129 -071 -1.05 -051 -066 -073 -0.63 -0.76 -0.73 -059 -0.80
84H -1.10 -080 -153 -087 -120 -050 -0.83 -0.74 -0.69 -080 -0.84 -053 -0.87

3 3.2.14 RDAPS 300hPa ¥4 RMSE [m/s] #5435

FCST Jan. Feb. Mar. Apr. May. Jun. Jul.  Aug. Sep. Oct. Nov. Dec. Ave.
12H 491 510 549 536 519 521 492 500 486 471 465 489 5.02
24dH 556 580 624 631 611 624 579 580 569 544 523 539 580
36H 6.05 643 704 724 717 707 650 6.69 660 604 582 599 655
48H 653 698 788 809 791 789 720 747 717 643 638 652 720
60H 706 747 875 884 870 867 799 837 78 695 680 690 786
72H 760 806 958 952 957 925 852 883 841 746 751 758 849
84H 837 860 1026 1041 1057 989 916 931 905 788 818 832 917

- 52 -



3.2.3.3 RDAPS A% (

&kt

hal

3 3.2.15 RDAPS 7+ Threat Score

= 767 ASOS A& #=

2} 5)

53 -

Threshold = 0.1 mm Threshold = 5 mm
MNMH| 12H 24H 36H 48H 60H 72H |TOTAL|MNIH| 12H 24H 36H 48H 60H 72H |TOTAL
Jan. | 0.57 055 050 048 050 047 | 051 || Jan. | 0.41 029 029 027 026 022 | 0.28
Feb. | 065 062 059 057 054 052 | 058 | Feb. | 0.62 059 066 058 048 044 | 0.55
Mar. | 0.59 054 049 048 043 044 | 049 | Mar.| 030 026 023 025 021 018 | 0.24
Apr. | 058 055 055 048 041 038 | 048 || Apr. | 0.66 0.65 052 054 045 038 | 052
May. | 049 046 044 039 037 039 | 042 |[May.| 037 037 026 025 023 025|028
Jun. | 045 041 040 040 039 035|040 | Jun. | 029 028 024 021 022 017 | 0.23
Jul. | 055 054 051 049 047 042 | 050 || Jul. | 0.42 040 028 027 023 019 | 0.30
Aug. | 055 054 049 048 042 038 | 048 | Aug.| 043 031 023 021 013 014 | 0.24
Sep. | 0.56 0.62 061 058 049 045 | 0.55 | Sep. | 0.59 0.60 052 039 036 027 | 043
Oct. | 056 056 053 050 046 043 | 050 || Oct. | 0.71 0.66 046 043 042 034 | 049
Nov. | 042 042 040 040 035 030 | 038 ||[Nov.| 033 025 019 026 019 028 | 0.25
Dec. | 053 044 041 041 040 041 | 043 || Dec. | 0.66 052 048 039 047 047 | 049
TOIAL| 0.54 052 049 047 044 041 | 048 |TOTAL| 047 042 033 032 027 024 | 034
Threshold = 15 mm Threshold = 25 mm
MNH| 12H 24H 36H 48H 60H 72H |TOTAL|MNMH| 12H 24H 36H 48H 60H 72H |TOTAL
Jan. | 020 021 010 020 029 018 | 020 || Jan. | 0.00 0.00 0.00 0.00 0.00 0.00 [ 0.00
Feb. | 064 059 062 052 044 045 | 054 | Feb. | 018 017 039 020 013 020 | 0.22
Mar. | 018 018 0.00 0.06 020 033 | 013 | Mar. | 0.00 0.00 0.00 0.00 - 0.00 | 0.00
Apr. | 031 041 029 033 023 012 | 027 || Apr. | 027 014 006 023 010 0.05 | 0.12
May. | 005 005 0.00 0.00 0.03 0.00 | 0.02 ||May.| 0.00 0.00 0.00 0.00 0.00 0.00  0.00
Jun. | 025 011 009 012 0.08 0.11 | 013 || Jun. | 0.13 0.07 0.00 0.02 0.02 0.02 | 0.04
Jul. | 029 023 017 015 015 011 | 018 || Jul. | 023 0.17 012 011 0.11 0.12 | 0.14
Aug. | 024 016 007 007 005 003 | 010 | Aug.| 015 0.07 006 0.03 0.03 0.02 | 0.06
Sep. | 0.50 048 043 021 018 0.09 | 0.29 | Sep. | 044 045 034 010 0.02 0.02 | 0.20
Oct. | 055 050 031 025 021 013 | 030 || Oct. | 049 049 038 025 014 0.10 | 0.27
Nov. | 019 014 019 019 018 0.19 | 018 || Nov. | 0.00 0.00 000 020 014 0.17 | 0.09
Dec. | 019 016 0.18 0.05 0.07 0.09 | 0.13 || Dec. - 0.00 0.00 - - - 0.00
TOrAL| 032 027 020 017 015 0.10 | 0.20 |TOIAL| 0.24 0.19 015 011 0.07 0.07 | 0.13
Threshold = 50 mm
MNH| 12H 24H 36H 48H 60H | 72H |TOTAL
Jan. - - - - - - -
Feb. - - - 0.00 - - 0.00
Mar. - - - - - - -
Apr. | 000 000 0.00 0.00 0.06 | 0.03 | 0.03
May - - - 0.00 - 0.00 | 0.00
Jun. | 0.00 000 0.00 0.00 0.00 | 0.00 | 0.00
Jul. | 010 0.09 0.04 0.01 0.00 | 0.09 | 0.06
Aug. | 005 001 004 000 0.01 | 0.00 | 0.02
Sep. | 044 019 020 004 0.02 | 0.00 | 0.12
Oct. | 071 057 044 026 0.02 | 0.00 | 0.24
Nov. - - - - - - -
Dec - - - - - - -
TOTAL| 0.16 011 0.10 0.04 0.01 | 0.04 | 0.07




¥ 3.2.16 RDAPS 7=+ Equitable Threat Score

Threshold = 0.1 mm

Threshold = 5 mm

54 -

MNMH| 12H 24H 36H 48H 60H 72H |TOTAL|MNH| 12H 24H 36H 48H 60H 72H |TOTAL
Jan. | 051 049 044 041 044 040 | 044 | Jan. | 040 028 028 026 026 022 | 027
Feb. | 060 057 053 051 048 045 | 052 | Feb. | 0.61 058 0.65 057 047 043 | 0.54
Mar. | 052 047 041 040 034 035 | 041 |Mar.| 029 025 022 024 020 017 | 0.23
Apr. | 051 047 047 038 030 027 | 039 || Apr. | 064 0.63 049 051 042 034 | 049
May. | 043 039 037 031 030 032 | 035 |May.| 035 036 024 023 021 023|027
Jun. | 035 030 030 029 029 025|029 | Jun. | 027 025 021 019 020 0.15 | 0.21
Jul. | 028 027 023 021 020 014 | 022 || Jul. | 033 031 019 019 015 011 | 0.21
Aug. | 033 033 028 027 021 017 | 026 | Aug. | 036 024 017 015 0.08 0.08 | 0.18
Sep. | 0.50 057 056 051 041 037 | 048 | Sep. | 0.57 058 049 036 032 0.23 | 040
Oct. | 049 049 046 042 037 034 | 043 || Oct. | 069 064 044 041 039 032 | 047
Nov. | 037 037 035 034 029 024|032 ||Nov.| 033 025 019 025 018 027 | 0.24
Dec. | 045 036 033 032 031 032 | 034 || Dec. | 0.65 052 047 038 046 046 | 049
TOTAL| 045 043 040 037 033 030 | 038 |[TOIAL| 0.44 040 031 029 025 022 | 031
Threshold = 15 mm Threshold = 25 mm
MNMH| 12H 24H 36H 48H 60H 72H |TOTAL|MNIH| 12H 24H 36H 48H 60H 72H |TOTAL
Jan. | 020 021 010 020 029 018 | 020 || Jan. | 0.00 0.00 0.00 0.00 0.00 0.00 [ 0.00
Feb. | 063 058 062 051 043 045 | 053 || Feb. | 0.18 0.17 039 020 013 0.20 | 0.22
Mar. | 018 018 0.00 005 020 033 | 013 | Mar. | 0.00 0.00 0.00 0.00 - 0.00 | 0.00
Apr. | 030 040 028 032 022 011 | 025 | Apr. | 027 014 006 022 0.09 005 | 011
May. | 0.04 005 0.00 0.00 0.03 0.00 | 0.02 || May.| 0.00 0.00 0.00 0.00 0.00 0.00  0.00
Jun. | 025 011 0.08 012 0.07 011 | 012 || Jun. | 0.13 0.07 0.00 0.02 0.01 0.02 | 0.04
Jul. | 025 019 013 011 012 007 | 015 || Jul. | 020 0.15 010 010 0.09 0.09 | 0.12
Aug. | 021 013 005 005 003 002|008 || Aug.| 013 0.05 005 0.02 0.01 0.02 | 0.05
Sep. | 049 046 042 020 017 0.08 | 0.27 | Sep. | 043 044 033 0.09 001 0.01 | 0.19
Oct. | 054 049 030 024 020 012 | 029 | Oct. | 049 048 038 024 013 0.09 | 0.27
Nov.| 019 014 019 019 018 0.19 | 0.18 || Nov. | 0.00 0.00 0.00 020 0.14 0.17 | 0.09
Dec. | 019 016 0.18 0.05 0.07 0.09 | 0.13 || Dec. - 0.00 0.00 - - - 0.00
TOTAL| 031 026 019 016 014 0.09 | 019 |TOIAL| 0.24 0.18 014 010 0.07 0.06 | 0.13
Threshold = 50 mm

MNH| 12H 24H 36H 48H 60H 72H |TOIAL

Jan. - - - - - - -

Feb. - - - 0.00 - - 0.00

Mar. - - - - - - -

Apr. | 000 000 0.00 000 0.06 0.03 | 0.03

May. - - - 0.00 - 0.00 | 0.00

Jun. | 0.00 000 0.00 0.00 0.00 0.00 | 0.00

Jul. | 0.09 0.08 0.04 001 000 0.08 | 0.05

Aug. | 005 001 003 000 0.01 0.00 | 0.02

Sep. | 044 018 020 003 0.02 0.00 | 0.12

Oct. | 0.71 057 044 026 0.02 0.00 | 0.24

Nov. - - - - - - -

Dec - - - - - - -

TOTAL| 0.16 011 0.09 0.04 001 0.03 | 0.07




¥ 3.2.17 RDAPS 75 BIAS

Threshold = 0.1 mm

Threshold = 5 mm

55 -

MNMH| 12H 24H 36H 48H 60H 72H |TOTAL|MNH| 12H 24H 36H 48H 60H 72H |TOTAL
Jan. | 1.37 156 150 149 157 158 | 151 || Jan. | 1.13 127 127 175 197 211 | 1.58
Feb. | 129 133 126 129 126 139 | 1.30 || Feb. | 0.87 1.02 096 1.07 140 1.73 | 1.18
Mar. | 1.33 141 128 133 140 127 | 134 |Mar.| 084 084 082 092 096 052 | 0.82
Apr. | 143 148 144 166 198 207 | 1.67 || Apr. | 086 1.05 093 116 129 139 | 111
May. | 1.63 175 169 178 181 200 | 1.77 ||May.| 0.74 082 070 086 1.04 135 | 0.92
Jun. | 1.70 170 165 1.60 149 156 | 1.61 | Jun. | 0.80 0.70 092 0.77 086 0.82 | 0.81
Jul. | 1.61 159 154 148 143 143 | 151 || Jul. | 1.08 1.11 087 082 0.77 0.73 | 0.90
Aug. | 1.63 151 145 136 131 124 | 142 | Aug.| 089 0.66 052 046 046 042 | 0.57
Sep. | 1.56 130 136 149 168 173 | 1.52 | Sep. | 0.86 090 124 119 127 149 | 116
Oct. | 149 134 132 153 1.66 1.60 | 149 || Oct. | 1.00 1.10 099 121 128 128 | 1.14
Nov. | 1.54 154 153 187 201 223 | 179 ||Nov.| 061 0.65 063 0.72 111 1.09 | 0.80
Dec. | 144 141 148 172 186 1.67 | 1.60 || Dec. | 093 0.83 0.78 1.03 1.06 098 | 0.94
TOTAL| 1.53 151 147 152 156 157 | 1.52 |TOIAL| 092 091 083 086 0.92 093 | 0.90
Threshold = 15 mm Threshold = 25 mm
MNMH| 12H 24H 36H 48H 60H 72H |TOTAL|MNIH| 12H 24H 36H 48H 60H 72H |TOTAL
Jan. | 020 070 010 080 120 1.00 | 0.67 | Jan. | 0.00 0.00 0.00 050 050 0.00 | 0.17
Feb. | 0.76 070 098 117 0.89 091 | 090 || Feb. | 0.33 040 113 1.00 0.13 0.20 | 0.53
Mar. | 225 225 200 375 200 1.00 | 221 || Mar. - - - - - - -
Apr. | 048 133 123 125 1.67 174 | 1.28 || Apr. | 047 075 1.06 138 250 347 | 1.60
May. | 096 078 096 0.83 174 291 | 1.36 | May - - - - - - -
Jun. | 051 025 036 055 058 0.64 | 048 | Jun. | 0.34 021 018 037 061 034 | 0.34
Jul. | 0.69 072 053 056 050 0.60 | 0.60 | Jul. | 0.62 0.62 046 046 043 0.64 | 0.54
Aug. | 047 046 030 025 032 018 | 033 | Aug.| 039 039 02 020 039 017 | 030
Sep. | 0.83 091 106 099 1.03 123 | 1.01 | Sep. | 0.74 082 098 0.77 074 0.84 | 0.81
Oct. | 096 117 092 094 136 147 | 1.14 || Oct. | 097 098 075 1.08 118 1.63 | 1.10
Nov. | 046 023 046 046 054 046 | 044 |[Nov.| 020 0.00 020 020 060 040 | 0.27
Dec. | 094 263 1.06 038 094 056 | 1.08 || Dec. - - - - - - -
TOTAL| 0.64 074 0.62 063 071 075 | 0.68 |TOIAL| 0.57 059 052 052 0.62 0.72 | 0.59
Threshold = 50 mm

MNH| 12H 24H 36H 48H 60H 72H |TOIAL

Jan. - - - - - - -

Feb. - - - - - - -

Mar. - - - - - - -

Apr. | 000 000 000 000 157 357 | 0.86

May. - - - - - - -

Jun. | 010 010 0.00 0.10 0.80 0.00 | 0.18

Jul. | 045 059 042 027 019 078 | 0.45

Aug. | 021 023 020 018 030 0.07 | 0.20

Sep. | 070 111 078 111 1.04 1.15 | 0.98

Oct. | 1.00 083 100 117 217 117 | 1.22

Nov. - - - - - - -

Dec - - - - - - -

TOTAL| 042 052 041 042 056 0.68 | 0.50
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3311 AFBAZ= AF(AWS)E ©] &3+ LDAPS #=4 =

¥ 3.3.1 LDAPS A’$7]2 Mean Error [C] T=45

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
6H -08 -078 -068 -070 -051 -076 -048 -042 -049 -063 -095 -0.87 -0.68
12H 011 -015 -0.22 -094 -076 -081 -024 -018 032 026 002 000 -0.22
18H -048 -0.60 -047 -1.00 -0.75 -091 -038 -021 -013 -024 -0.61 -048 -0.52
24H 026 -0.07 -020 -1.10 -091 -1.02 -026 -003 051 047 024 032 -0.15
30H -037 -060 -049 -1.09 -081 -111 -041 -009 0.02 -017 -048 -028 -0.49
36H 036 -012 -019 -122 -097 -114 -030 0.00 065 056 030 046 -0.13

# 3.32 LDAPS A/47]& RMSE [C] #54%

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
6H 256 230 223 230 235 222 169 167 188 201 247 237 217
12H 223 203 180 206 184 172 149 144 178 179 218 207 187
18H 244 221 236 258 248 223 18 179 210 214 257 227 225
24H 239 203 19 220 197 189 160 152 188 196 237 222 200
30H 255 228 245 268 253 245 198 185 208 216 269 241 234
36H 247 208 194 230 205 199 169 155 194 206 246 237 208

¥ 3.3.3 LDAPS A 5= Mean Error [%] ¥S54%

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
6H 342 3.09 381 237 -003 160 -047 -071 062 147 511 611 220
12H 020 079 396 552 259 247 -184 -273 -430 -397 121 344 061
18H 274 345 525 574 197 256 -081 -202 -112 -044 534 629 241
24H 060 171 563 719 366 346 -165 -341 -497 -456 162 400 111
30H 295 339 563 641 247 339 -039 -258 -189 -089 552 712 259
36H 071 147 550 790 371 398 -134 -389 -541 -509 132 429 1.10

3 3.34 LDAPS A 4E= RMSE [%] #3535

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
6H 1411 13.03 1477 1461 1459 1298 934 1005 1090 11.71 14.28 1413 12.88
12H 1526 1658 17.66 1640 13.94 13.04 938 10.83 1243 1260 1484 1530 14.02
18H 13.82 1291 14.67 1545 1430 1311 10.07 10.76 11.67 11.75 1457 1451 13.13
24H 1547 1654 17.03 1712 1422 1371 9.69 1155 1298 1311 1543 16.02 1441
30H 1446 1356 1512 16.27 1457 1397 10.62 1139 1194 1222 1547 16.02 13.80
36H 16.17 16.89 17.67 1776 1450 13.90 998 12.02 1330 13.72 1585 17.08 14.90

3 335 LDAPS A3 ¥4 Mean Error [my/s] #5415

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
6H 129 120 087 114 101 08 106 112 113 127 118 129 112
12H 149 144 105 114 09 077 110 114 126 135 144 155 122
184 157 140 106 117 111 088 108 113 120 137 138 151 124
24H 160 158 120 122 104 08 110 116 133 146 157 166 131
30H 160 149 115 121 119 092 110 121 125 138 144 161 130
36H 164 163 122 125 111 092 1.09 123 138 148 158 172 135

- b7 -



3 3.3.6 LDAPS A4 5% RMSE [m/s] T=45

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
6H 230 221 187 211 191 166 181 181 18 204 216 230 200
12H 230 231 194 208 18 159 180 182 198 207 223 240 203
18H 250 234 204 218 199 170 182 183 19 211 232 248 211
24H 244 247 216 215 193 168 182 189 204 220 236 254 214
30H 255 243 218 223 206 177 18 193 203 210 238 260 218
36H 250 251 212 219 200 178 184 198 211 221 239 261 219

3.3.1.2 LDAPS #4335

3£ 3.3.7 LDAPS 850hPa 7] Mean Error [C] #4445

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
6H -0.03 -011 -0.09 -0.04 004 001 0.06 001 -005 -009 -0.02 011 -0.02
12H 0.01 -0.04 -002 004 013 014 023 015 010 000 0.05 014 0.08
18H 0.02 -012 -013 -0.09 0.08 005 024 009 -004 -011 -0.02 014 0.01
24H 0.02 -0.08 -0.08 -0.07 012 010 035 018 0.09 -0.06 0.05 018 0.07
30H 0.04 -011 -011 -021 008 003 035 017 0.01 -014 -0.04 0.08 0.01
36H 0.01 -014 -013 -020 011 006 038 022 012 -0.08 0.00 010 0.04

¥ 3.3.8 LDAPS 850hPa 7] RMSE [C] #4415

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
6H 046 047 037 042 042 037 044 045 043 048 051 047 044
12H 071 070 059 066 067 061 068 066 068 072 076 072 0.68
18H 087 08 071 081 08 076 083 078 08 092 09 087 084
24H 091 08 072 087 09 08 091 084 08 094 101 095 088
30H 105 101 08 103 098 09 100 092 09 107 113 110 1.00
36H 111 101 091 108 105 094 105 09 099 113 120 117 1.05

¥ 3.3.9 LDAPS 500hPa A|$]3% Mean Error [m] #4145

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
6H -217 -216 -1.72 003 109 038 034 136 104 050 -391 -4.62 -0.82
12H -495 -491 -3.09 -135 014 -099 0.09 -029 -056 -1.02 -5.04 -509 -226
18H -7.14 -813 -550 -211 -052 -210 -053 -118 -210 -212 -838 -9.60 -4.12
24H -7.63 -863 -519 -236 013 -219 -077 -1.75 -138 -238 -6.16 -6.59 -3.74
30H -996 -10.73 -587 -339 -033 -252 -074 -1.85 -230 -192 -10.38 -13.26 -5.27
36H -1095 -1140 -5.87 -340 -052 -344 -192 -310 -1.34 -201 -798 -911 -5.09

3 3.3.10 LDAPS 500hPa A|$137% RMSE [m] #4445

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
6H 334 326 297 251 247 202 243 293 239 243 442 515 3.03
12H 582 577 430 360 343 3.09 326 326 292 295 58 6.09 419
18H 853 918 690 539 491 437 413 446 440 460 931 1084 642
24H 924 1015 733 6.05 578 507 468 495 441 523 813 911 6.68
30H 1215 1278 921 843 767 591 544 650 589 6.09 1208 1499 893
36H 1311 1321 994 934 853 723 611 723 593 696 1122 1252 9.28
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3 3.3.11 LDAPS 300hPa < Mean Error [my/s] 2445

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
6H -0.01 004 002 005 004 012 -006 -0.09 007 0.09 -013 -0.08 0.00
12H -040 -0.02 -0.28 -0.06 003 020 -017 -023 012 0.00 -040 -0.11 -0.11
18H -039 -012 -006 0.09 012 030 -038 -044 017 001 -064 -0.25 -0.13
24H -0.74 -039 009 0.06 -003 020 -036 -045 0.01 -015 -0.61 -047 -0.24
30H -0.65 -023 044 037 -0.04 015 -041 -055 027 000 -044 -051 -0.13
36H -1.00 -047 032 040 -011 007 -048 -061 018 -031 -0.62 -0.72 -0.28

3 3.3.12 LDAPS 300hPa %< RMSE [m/s] &44%

FCST Jan. Feb. Mar. Apr. May. Jun. Jul Aug. Sep. Oct. Nov. Dec. Ave.
6H 079 081 078 104 108 126 188 191 123 104 080 082 112
12H 175 159 165 183 188 222 277 28 204 175 159 167 197
18H 294 28 311 326 316 363 371 383 337 298 292 28 322
24H 346 354 398 388 392 435 411 438 395 379 358 350 3.87
30H 395 418 463 490 486 523 490 517 488 420 399 417 459
36H 433 467 541 578 544 585 517 545 544 475 483 473 515

3313 EHAEE ©| &3 LDAPS #3545

3 3.3.13 LDAPS 850hPa 7] Mean Error [C] #54F

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
6H -039 -036 -043 -039 -028 -038 -0.13 -023 -033 -054 -051 -017 -0.35
12H -037 -033 -038 -027 -021 -026 001 -009 -021 -044 -048 -0.19 -0.27
18H -039 -040 -046 -038 -024 -032 0.00 -018 -039 -050 -059 -0.17 -0.33
24H -037 -029 -040 -038 -018 -0.25 015 -0.09 -027 -045 -047 -0.16 -0.26
30H -040 -038 -046 -053 -024 -034 006 -010 -035 -052 -055 -0.26 -0.34
36H -038 -042 -043 -051 -016 -035 020 -0.05 -025 -046 -053 -0.20 -0.29

3 3.3.14 LDAPS 850hPa 7] RMSE [C] #3545

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
6H 130 119 105 112 114 09 1.08 1.06 109 123 141 134 116
12H 129 117 104 110 113 091 109 105 110 124 138 129 115
8H 137 126 113 116 119 107 114 105 115 135 147 136 1.23
24H 138 123 112 121 120 102 116 104 112 138 148 139 1.23
30H 141 133 122 134 127 112 124 111 122 142 159 154 132
36H 147 135 125 138 127 112 124 113 116 147 159 153 1.33

¥ 3.3.15 LDAPS 500hPa A|$|2%= Mean Error [m] #7415

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
6H -10.63 -8.76 -10.17 -6.66 -489 -424 -111 -106 -3.76 -7.85 -10.94 -1145 -6.79
12H -13.38 -11.55 -1149 -8.01 -572 -550 -1.20 -257 -531 -934 -1215 -1191 -8.18
18H -1558 -14.79 -13.78 -8.74 -6.38 -6.53 -1.68 -353 -6.83 -1041 -1549 -16.44 -10.02
24H -16.14 -1528 -13.50 -9.05 -5.65 -6.77 -190 -4.04 -6.07 -10.70 -13.27 -1345 -9.65
30H -1854 -17.29 -14.12 -10.01 -6.16 -697 -1.84 -427 -722 -10.24 -17.69 -20.11 -11.20
36H -19.53 -17.92 -14.11 -10.14 -640 -794 -319 -560 -6.25 -10.28 -15.26 -15.75 -11.03
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¥ 3.3.16 LDAPS 500hPa A9|12% RMSE [m]

37 27—]%

i g |

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
6H 1505 14.85 14.82 1200 1054 9.67 978 1022 913 11.24 1529 1693 1246
12H 1721 1692 1587 13.06 11.23 1056 10.07 1039 10.10 1241 1636 1725 13.45
18H 1944 1959 1787 1412 12.01 11.25 1047 1083 1116 1352 1913 20.81 15.02
24H 1990 20.02 1777 1437 12.05 1119 1077 1111 10.75 13.88 17.64 1891 14.86
30H 2234 2239 1886 1592 1322 1202 1089 11.76 1190 1396 2129 24.07 16.55
36H 2324 2264 19.00 1629 13.69 1294 11.19 1231 11.63 1435 1985 21.07 16.52

# 3.3.17 LDAPS 300hPa 3<% Mean Error [m/s] TS5

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
6H -1.04 -069 -090 -058 -045 -042 -0.62 -074 -047 -0.80 -117 -0.81 -0.72
12H -140 -072 -119 -0.63 -048 -034 -067 -079 -036 -0.90 -141 -0.84 -0.81
18H -143 -086 -1.05 -043 -032 -010 -081 -1.05 -026 -086 -1.74 -1.09 -0.83
24H -176 -116 -0.74 -042 -051 -022 -092 -102 -053 -1.08 -1.67 -1.29 -0.94
30H -155 -1.04 -046 -014 -064 -029 -092 -121 -019 -0.89 -140 -140 -0.84
36H -1.87 -127 -053 -0.09 -072 -050 -086 -123 -026 -122 -153 -1.59 -0.97

3 3.3.18 LDAPS 300hPa %< RMSE [m/s] =543

FCST Jan. Feb. Mar. Apr. May. Jun. Jul.  Aug. Sep. Oct. Nov. Dec. Ave.
6H 546 493 489 520 527 547 523 551 515 482 527 500 518
12H 579 507 506 535 536 568 536 545 535 495 543 515 533
18H 599 552 560 565 57 610 559 598 583 530 563 547 570
24H 628 592 592 601 600 632 58 613 610 602 582 578 6.01
30H 635 617 629 644 664 685 605 645 661 598 605 625 634
36H 656 653 665 707 693 714 624 669 683 644 655 6.64 6.69
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33.1.4 LDAPS A% (3= 7671 ASOS A A #ZAE)

3 3.3.19 LDAPS 7<= Threat Score

Threshold = 0.1 mm Threshold = 5 mm

MNH| 06H 12H 18H 24H 30H 36H |TOIAL|MNMH| 06H 12H 18H 24H 30H 36H |TOIAL

Jan. | 0.55 046 050 040 048 038 | 046 || Jan. | 0.53 021 029 014 029 0.13 | 0.28
Feb. | 0.71 054 067 053 0.66 053 | 0.60 || Feb. | 047 048 044 049 054 058 | 0.50
Mar. | 051 046 046 048 046 042 | 046 || Mar. | 027 019 022 016 018 0.15 | 019
Apr. | 060 060 059 059 056 0.61 | 059 || Apr. | 051 046 046 045 045 036 | 045
May. | 046 052 044 051 041 050 | 047 ||[May.| 013 021 020 024 017 021 | 0.20
Jun. | 044 040 036 038 031 038 | 038 | Jun. | 021 023 019 016 017 0.17 | 0.19
Jul. | 048 040 037 034 036 036 | 038 || Jul. | 038 023 024 022 023 018 | 0.24
Aug. | 052 045 041 042 038 040 | 043 | Aug. | 034 031 026 028 022 023|027
Sep. | 0.63 058 054 054 046 052 | 054 | Sep. | 038 054 027 046 028 042 | 039
Oct. | 061 056 055 056 044 048 | 053 || Oct. | 0.44 054 042 052 036 036 | 0.44
Nov. | 041 042 031 035 032 034 | 036 |Nov.| 038 024 015 019 036 015 | 023
Dec. | 053 039 045 033 039 029 | 039 || Dec. | 0.66 033 065 016 037 0.10 | 043

TOTAL| 0.53 047 046 044 042 042 | 045 |TOIAL| 037 032 030 030 027 025 | 0.30

Threshold = 15 mm Threshold = 25 mm
MNH| 06H 12H 18H 24H 30H 36H |TOTAL|MNMH| 06H 12H 18H 24H 30H 36H |TOTAL
Jan. | 020 0.00 0.00 050 0.00 0.00 | 0.10 | Jan. | 0.00 - 0.00 - 0.00 0.00 | 0.00
Feb. | 010 020 029 033 039 0.20 | 0.26 || Feb. | 0.20 - 020 0.00 0.33 0.00 | 0.22
Mar. | 0.00 - 0.00 0.00 0.00 0.00 | 0.00 | Mar. - - 0.00 - - - 0.00

Apr. | 043 035 022 027 024 020 | 028 || Apr. | 011 025 007 015 013 025 | 0.14
May. | 0.00 000 000 0.00 0.00 0.00 | 0.00 |May.| 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00
Jun. | 0.07 009 011 0.07 020 0.10 | 010 || Jun. | 0.08 010 006 0.11 023 0.09 | 0.10
Jul. | 029 013 013 013 014 008 | 015 || Jul. | 024 0.07 0.09 0.08 0.07 0.05 | 0.10
Aug. | 022 017 017 017 012 0.14 | 0.16 || Aug. | 020 014 013 012 0.07 0.08 | 0.12
Sep. | 0.34 044 014 029 016 012 | 0.25 || Sep. | 036 034 0.06 012 011 0.06 | 0.16
Oct. | 048 029 044 025 037 021 | 033 || Oct. | 041 024 030 011 030 010 | 0.23
Nov. | 057 0.00 020 000 050 0.00 | 018 | Nov.| 025 0.00 100 0.00 1.00 0.00 | 0.23
Dec. | 0.07 0.00 019 0.00 021 0.00 | 0.11 || Dec. - - - - - - -

TOrAL| 026 019 017 017 017 012 | 018 |TOIAL| 0.22 015 012 010 0.10 0.07 | 0.12

Threshold = 50 mm
MNH| 06H 12H 18H 24H 30H | 36H |TOIAL

Jan. - - - - - - -
Feb. - - - - 0.00 - 0.00
Mar. - - - - - - -
Apr. | 000 000 0.00 0.00 0.00 | 0.00 | 0.00
May. - - - - - - -

Jun. | 0.00 011 014 0.08 0.13 | 0.11 | 0.09
Jul. | 015 0.01 008 003 002 | 001 | 0.05
Aug. | 005 009 004 017 0.02 | 0.09 | 0.08
Sep. | 0.50 0.8 0.00 0.10 0.00 | 0.00 | 0.06
Oct. | 038 014 036 0.06 0.00 | 0.08 | 0.15

Nov. - - - - - - -
Dec. - - - - - - -

TOIAL| 0.14 0.08 0.07 0.09 0.02 | 0.05 | 0.07
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3 3.3.20 LDAPS %< Equitable Threat Score

Threshold = 0.1 mm

Threshold = 5 mm

62 -

MNMH| 06H 12H 18H 24H 30H 36H |TOTAL|MNIH| 06H 12H 18H 24H 30H 36H |TOTAL
Jan. | 051 042 045 036 043 034 | 042 || Jan. | 053 020 029 013 0.29 0.13 | 0.28
Feb. | 069 050 065 049 0.62 049 | 057 || Feb. | 046 048 043 048 053 058 | 049
Mar. | 047 041 042 043 042 037 | 042 | Mar.| 026 0.19 022 016 0.17 015 | 0.19
Apr. | 056 056 054 054 051 057 | 055 | Apr. | 050 045 045 044 044 035 | 043
May. | 043 048 041 047 038 046 | 044 ||May.| 012 020 020 023 017 020 | 019
Jun. | 040 035 031 032 027 033|033 | Jun. [ 020 021 018 015 016 0.16 | 0.17
Jul. | 036 028 026 023 024 024 | 027 || Jul. | 034 018 020 018 0.19 013 | 0.20
Aug. | 040 034 031 032 027 029 | 032 ||Aug.| 029 027 022 023 017 018 | 0.23
Sep. | 0.59 055 050 050 042 049 | 051 | Sep. | 0.36 052 026 045 027 041 | 0.38
Oct. | 058 053 051 052 041 044 | 050 || Oct. | 043 053 041 051 035 035 | 043
Nov.| 038 039 028 032 029 032 033 ||Nov.| 037 024 015 018 036 0.15 | 0.23
Dec. | 049 034 040 028 033 024 | 034 || Dec. | 0.65 033 065 016 036 0.09 | 042
TOTAL| 048 042 041 038 037 036 | 040 |TOIAL| 0.36 031 028 028 0.26 023 | 0.29
Threshold = 15 mm Threshold = 25 mm
MNMH| 06H 12H 18H 24H 30H 36H |TOTAL|MNIH| 06H 12H 18H 24H 30H 36H |TOTAL
Jan. | 020 0.00 0.00 050 0.00 0.00 | 0.10 | Jan. | 0.00 - 0.00 - 0.00 0.00 | 0.00
Feb. | 0.09 020 028 033 039 0.20 | 0.26 || Feb. | 0.20 - 020 0.00 0.33 0.00 | 0.22
Mar. | 0.00 - 0.00 0.00 0.00 0.00 | 0.00 || Mar. - - 0.00 - - - 0.00
Apr. | 043 035 022 027 023 019 | 028 || Apr. | 010 025 0.07 015 012 025 | 014
May. | 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 || May.| 0.00 0.00 0.00 0.00 0.00 0.00  0.00
Jun. | 0.07 008 010 0.07 020 0.09 | 010 || Jun. | 0.08 0.09 006 0.11 023 0.08 | 0.10
Jul. | 026 011 011 010 012 0.06 | 013 || Jul. | 022 0.06 0.08 0.07 0.06 0.03 | 0.09
Aug.| 020 015 015 015 010 011 | 0.14 || Aug. | 019 013 012 010 0.06 0.06 | 0.11
Sep. | 0.34 043 014 028 016 011 | 0.24 | Sep. | 036 034 0.06 012 011 0.06 | 0.16
Oct. | 048 029 043 024 036 020 | 032 Oct. | 041 023 030 011 030 0.10 | 0.23
Nov. | 0.57 0.00 020 0.00 050 0.00| 018 ||Nov.| 025 0.00 1.00 0.00 1.00 0.00 | 0.23
Dec. | 0.07 0.00 0.9 0.00 021 0.00 | 0.11 || Dec. - - - - - - -
TOrAL| 025 018 0.17 016 016 011 | 017 |TOIAL| 0.22 0.15 011 010 0.10 0.07 | 0.12
Threshold = 50 mm

MNH| 06H 12H 18H 24H 30H 36H |TOIAL

Jan. - - - - - - -

Feb. - - - - 0.00 - 0.00

Mar. - - - - - - -

Apr. | 000 000 0.00 0.00 0.00 0.00 | 0.00

May. - - - - - - -

Jun. | 0.00 011 014 0.08 0.12 0.11 | 0.09

Jul. | 015 0.01 0.07 0.03 001 0.01 | 0.05

Aug. | 005 009 004 017 0.02 0.08 | 0.08

Sep. | 0.50 0.18 0.00 0.09 0.00 0.00 | 0.06

Oct. | 038 014 036 0.05 0.00 0.08 | 0.15

Nov. - - - - - - -

Dec - - - - - - -

TOTAL| 0.13 0.07 0.07 0.09 002 005 | 0.07




¥ 3.3.21 LDAPS 7<= BIAS

Threshold = 0.1 mm

Threshold = 5 mm

MNMH| 06H 12H 18H 24H 30H 36H |TOTAL|MNIH| 06H 12H 18H 24H 30H 36H |TOTAL
Jan. | 1.09 119 113 131 119 139 | 1.21 || Jan. | 1.14 095 1.03 100 1.14 0.67 | 1.02
Feb. | 1.01 089 1.03 1.02 1.08 1.05 | 1.01 || Feb. | 0.78 0.67 087 0.81 096 0.96 | 0.84
Mar. | 098 083 095 093 103 089 | 093 | Mar. | 1.04 1.09 1.04 191 120 177 | 1.32
Apr. | 1.02 103 1.07 1.08 1.06 1.03 | 1.05 | Apr. | 081 073 096 0.79 097 0.68 | 0.82
May. | 1.14 086 113 097 117 0.84 | 1.00 ||May. | 1.84 077 225 081 220 084 | 1.16
Jun. | 1.14 076 086 084 087 0.88 | 0.89 | Jun. | 149 0.70 099 0.65 1.09 0.85 | 0.90
Jul. | 085 062 070 057 075 067 | 069 || Jul. | 113 0.62 073 061 0.80 0.68 | 0.75
Aug. | 1.04 078 076 070 074 074 | 079 | Aug. | 1.12 0.74 088 0.77 0.88 087 | 0.87
Sep. | 097 1.03 086 1.06 080 092 | 093 | Sep. | 092 086 091 1.07 086 0.80 | 0.90
Oct. | 099 077 077 080 0.64 0.66 | 0.77 || Oct. | 1.01 088 084 1.03 076 0.73 | 0.88
Nov.| 098 121 1.08 136 110 143 | 1.18 ||Nov.| 1.10 097 114 121 133 1.07 | 1.13
Dec. | 1.21 144 141 147 160 1.65 | 1.46 || Dec. | 1.25 0.88 1.06 047 094 0.68 | 0.94
TOTAL| 1.01 087 092 090 094 091 | 092 |TOIAL| 1.09 0.74 091 080 0.93 0.80 | 0.87
Threshold = 15 mm Threshold = 25 mm
MNMH| 06H 12H 18H 24H 30H 36H |TOTAL|MNIH| 06H 12H 18H 24H 30H 36H |TOTAL
Jan. | 1.00 1.00 0.00 200 067 200 | 0.83 | Jan. | 0.00 - 0.00 - 1.00 - 0.67
Feb. | 021 020 042 140 1.05 3.80 | 0.82 | Feb. | 0.20 - 0.20 - 0.60 - 0.47
Mar. | 1.00 - 1.00 - 1.00 -9.99 | 3.17 | Mar. - - - - - - -
Apr. | 1.00 069 116 103 118 0.72 | 098 || Apr. | 091 0.67 1.64 067 145 0.67 | 1.03
May. | 500 125 833 225 9.00 3.75 | 3.79 | May. - - - - - - -
Jun. | 200 100 152 1.07 1.07 112 | 125 | Jun. | 1.60 127 120 173 080 1.53 | 1.36
Jul. | 1.26 061 070 076 077 076 | 080 || Jul. | 1.52 0.61 082 070 0.85 0.79 | 0.85
Aug. | 125 094 109 117 114 120 | 113 | Aug. | 1.38 110 126 150 142 145 | 1.35
Sep. | 1.22 070 157 085 192 059 | 0.94 | Sep. | 1.14 068 279 065 336 039 | 0.88
Oct. | 098 078 143 130 148 1.08 | 1.16 || Oct. | 095 1.00 1.67 181 1.67 152 | 1.44
Nov.| 1.20 050 140 0.83 0.80 0.33 | 0.82 || Nov.| 400 0.50 1.00 0.00 1.00 0.00 | 0.78
Dec. | 1.00 0.00 213 1.00 1.13 0.00 | 1.00 || Dec. - - - - - - -
TOTAL| 1.23 076 1.06 1.00 111 096 | 1.01 |[TOIAL| 1.38 0.83 122 1.04 131 1.01 | 1.10
Threshold = 50 mm

MNH| 06H 12H 18H 24H 30H 36H |TOIAL

Jan. - - - - - - -

Feb. - - - - - - -

Mar. - - - - - - -

Apr. | 1.00 000 0.00 0.00 0.00 0.00 | 0.17

May. - - - - - - -

Jun. | 075 100 1.00 180 125 1.00 | 1.15

Jul. | 1.44 066 0.68 073 085 078 | 0.84

Aug. | 216 132 153 204 174 244 | 1.88

Sep. | 1.00 1.00 9.00 077 933 0.54 | 1.83

Oct. | 1.57 100 114 375 129 250 | 1.73

Nov. - - - - - - -

Dec - - - - - - -
TOTAL| 1.59 092 134 129 154 129 | 131
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3 3.4.1 EPSG &4 500hPa A #]31% RMSE [m] #4145

FCST Jan. Feb. Mar. Apr. May. Jun Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 941 981 1045 1014 979 747 699 657 660 679 728 804 828
48H 1682 17.69 1827 1733 1742 1320 1244 1185 1241 1252 1354 14.80 14.86
72H 2575 2681 2670 2574 2548 19.61 1835 1756 19.03 20.55 21.24 2328 2251
96H 36.86 36.81 3647 3562 3497 27.61 2544 2451 26.02 30.02 3147 3270 3154
120H 4929 47.63 47.61 45.07 4415 35.63 3349 3218 3434 41.17 4312 4265 41.36
144H 61.17 5789 58.62 5291 5350 4322 4095 39.08 4399 5205 53.87 5281 50.84
168H 7221 6747 6924 5998 6180 50.17 4695 4491 53.08 63.07 63.72 63.12 59.64
192H 80.19 76.89 7853 66.73 6842 56.10 5141 50.12 6024 7213 7331 7220 67.19
216H 8742 84.78 8578 7267 7326 6057 5453 53.65 66.68 79.00 81.14 7915 73.22
240H 9451 9121 91.07 7711 7652 6446 56.77 b56.61 7234 84.04 8720 8546 7811
264H 100.09 97.13 9548 79.74 7854 6725 58.67 5889 7696 8787 9235 9217 8210
288H 104.48 102.32 9891 81.29 80.87 69.00 59.68 6122 80.53 90.57 9656 98.11 85.29
¥ 342 EPSG H4HFF 500hPa A 91% ol 34d Al [F-x149] 244

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 100 100 100 099 099 099 099 100 1.00 1.00 1.00 100 1.00
48H 099 099 098 098 098 098 098 098 099 099 099 099 0.99
72H 098 097 097 09 095 09 09 097 097 098 098 098 097
9%H 095 095 094 092 091 093 093 094 09 095 09 09 094
120H 091 091 08 08 08 087 087 08 091 091 092 093 0.89
144H 08 087 083 08 077 081 08 08 08 08 087 088 084
168H 079 081 076 074 068 073 073 076 078 077 080 083 0.77
192H 073 076 068 067 059 065 066 069 071 068 073 077 0.69
216H 066 0.69 059 058 050 057 060 063 063 060 065 071 0.62
240H 060 063 052 051 043 048 055 057 054 053 058 064 055
264H 053 056 045 045 038 041 050 052 044 045 051 057 048
288H 047 049 038 041 031 034 047 046 036 039 045 050 042
3 343 EPSG &b 500hPa #|91aL% CRPSS [F2Hd] &4 4%

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 092 091 09 089 088 089 088 089 092 092 093 093 091
48H 08 08 08 081 080 081 08 081 08 087 088 087 084
72H 078 077 076 072 071 073 072 074 077 079 081 080 0.76
9%H 069 069 067 062 060 063 063 064 069 070 071 071 0.67
120H 058 060 057 052 049 052 051 053 059 060 061 062 056
144H 048 051 047 043 037 043 041 044 048 049 051 053 046
168H 038 042 037 034 028 034 031 035 038 038 042 044 037
192H 031 034 028 027 019 025 025 028 029 028 032 035 029
216H 025 027 021 020 013 019 019 022 021 022 024 029 022
240H 019 021 015 015 009 013 015 017 014 016 019 022 0.16
264H 014 015 011 012 0.06 009 012 013 009 012 014 016 0.12
288H 010 011 007 009 003 006 010 009 004 009 010 010 0.08
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3 344 EPSG EWHT 500hPa A9 % +1 EFHA o4 BSS [FAH] #44%F

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 092 091 09 087 08 087 08 08 08 09 092 091 096
48H 086 08 084 080 080 078 075 077 080 084 087 086 0.89
72H 079 078 076 071 072 071 070 072 074 078 081 080 0.82
9H 070 071 068 064 063 063 064 065 067 071 074 073 073
120H 061 063 057 055 053 055 055 055 058 063 065 064 0064
144H 051 055 048 047 042 047 046 047 049 054 058 055 054
168H 043 047 039 038 033 039 038 040 039 043 049 046 045
192H 037 040 031 030 024 030 031 033 030 033 041 037 036
216H 030 033 022 023 016 021 024 024 021 025 033 031 028
240H 022 027 016 018 012 016 019 019 014 019 023 024 021
264H 016 019 010 013 010 012 014 015 009 014 016 017 015
288H 011 013 006 010 0.06 009 011 012 005 011 012 011 0.11
3 3.4.5 EPSG ExRb- 850hPa 7]& RMSE [C] 44 %5

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 111 109 104 102 1.00 09 08 080 079 084 093 101 095
48H 148 149 145 141 140 124 115 108 108 113 127 136 129
72H 183 18 181 178 176 153 142 132 136 142 156 168 1.6l
96H 224 222 220 221 217 187 171 160 167 173 190 201 196
120H 266 262 261 259 258 219 203 190 199 211 229 236 233
144H 311 3.03 301 293 298 248 234 218 230 250 267 274 269
168H 351 337 341 323 333 275 259 245 259 289 306 311 3.02
192H 383 367 378 348 361 299 276 268 28 321 341 344 331
216H 413 398 408 372 381 318 290 282 312 348 371 3.69 355
240H 437 424 433 389 394 332 301 29 332 369 394 392 374
264H 452 446 450 404 401 343 3.09 307 349 384 414 411 3.89
288H 461 463 464 414 408 350 315 316 362 394 429 428 400
3 34.6 EPSG EHET 850hPa 7] ©/d7dd A [FA4] 445

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
24H 098 098 098 097 097 097 097 098 098 098 098 098 098
48H 09 096 095 095 094 095 095 09 09 097 096 096 0.95
72H 094 093 092 091 091 092 092 09 094 09 094 094 093
9H 090 090 089 08 08 08 08 091 091 092 091 091 089
120H 085 08 084 08 080 08 08 08 087 08 087 087 085
144H 079 080 078 073 071 077 079 082 082 083 082 082 079
168H 073 075 071 065 062 072 074 077 077 076 075 077 073
192H 067 069 062 058 053 065 069 073 071 069 067 070 0.66
216H 059 062 054 050 046 059 065 069 065 062 059 065 0.60
240H 053 055 045 043 040 053 061 065 059 055 052 058 053
264H 048 048 038 036 036 049 058 062 053 049 045 052 048
288H 044 042 032 030 032 045 056 059 048 044 039 047 043
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¥ 3.4.7 EPSG B4 850hPa 7]-& CRPSS [F#xH4] 44

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

24H 078 079 079 077 076 075 075 078 080 081 081 079 0.78
48H 071 071 070 067 066 066 066 070 073 074 074 072 070
72H 064 064 063 059 057 059 059 063 066 068 068 065 0.63
9%H 057 057 055 050 048 050 051 056 059 062 061 059 055
120H 049 049 047 041 038 042 043 048 051 054 053 052 047
144H 040 041 039 033 029 034 034 041 044 046 045 044 039
168H 031 035 031 02 020 027 027 034 037 037 036 037 032
192H 025 028 023 020 013 021 022 028 029 030 028 029 025
21eH 019 022 017 014 008 016 018 024 023 023 021 024 019
240H 014 016 011 009 004 011 014 020 018 018 016 019 0.14
2644 010 011 007 006 002 008 012 017 013 014 012 014 011
288H 0.08 007 004 003 000 006 009 014 010 012 0.08 011 0.08

¥ 3.4.8 EPSG EHF 850hPa 7]1& +1 E£F¥ 2} o]4 BSS [xH] B4 4=

FCST Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.

24H 078 078 078 075 075 075 073 077 079 080 079 077 084
48H 071 071 070 066 065 066 064 069 072 073 072 069 075
72H 064 064 062 058 057 059 056 063 065 067 066 062 0.67
9%H 056 056 055 048 048 051 049 057 059 061 059 055 059
120H 048 049 046 042 038 043 042 050 052 054 051 048 051
144H 040 042 039 034 029 036 035 043 046 047 044 041 043
168H 033 036 031 028 021 029 029 036 039 039 036 034 035
192H 028 030 024 022 014 023 023 030 032 032 029 028 0.28
216H 022 024 018 016 009 018 019 026 025 026 023 022 022
240H 016 018 013 011 005 014 015 021 020 021 016 017 0.17
2644 012 013 009 009 003 010 013 017 016 017 012 012 013
288H 0.09 009 006 007 001 007 010 015 013 014 0.08 0.08 0.10
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352 Ho] AF

3521 AA T FFoA SA|2E(GWW3) o] HF

#® 351 AAF A}FEAGWW3) 2d tiH] BIAS, RMSE, CORR +00H H|xnl

2016 @ 2017 @
bias RMSE bias RMSE 2016-2017
month C.C entries CC entries
(m) (m) (m) (m) (RMSE)
Jan. 0.130 0.629 0.925 10871 -0.036 0.503 0.947 10619 0.126
Feb. 0.136 0.601 0.925 10210 0.012 0.476 0.941 9722 0.125
Mar. 0.089 0.517 0.928 10817 -0.010 0.449 0.928 10598 0.068
Apr. 0.089 0.452 0.914 10492 0.004 0.411 0.933 10248 0.041
May. 0.069 0.369 0.915 10397 0.009 0.354 0.921 10170 0.015
Jun. 0.092 0.353 0.908 10638 0.028 0.320 0.924 9773 0.033
Jul. 0.127 0.347 0.916 10829 0.040 0.298 0.919 10038 0.049
Aug. 0.103 0.351 0.926 10754 0.023 0.306 0.914 9641 0.045
Sep. 0.136 0.400 0.928 10252 0.056 0.385 0.925 9272 0.015
Oct. 0.153 0.510 0.926 10491 0.026 0.444 0.939 18844 0.066
Nov. 0.016 0.485 0.942 10670 -0.035 0.485 0.942 8687 0.000
Dec. 0.000 0.502 0.955 10739 0.011 0.479 0.952 9148 0.023
Ave. 0.095 0.460 0.926 10597 0.011 0.409 0.932 10563 0.051
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352 AAF G EDGWW3) d thir] BIAS, RMSE, CORR +24H H]al

2016 @ 2017 4
bias RMSE bias RMSE 2016-2017
month C.C entries CcC entries
(m) (m) (m) (m) (RMSE)
Jan. 0.133 0.644 0.922 10871 -0.022 0.520 0.943 10619 0.124
Feb. 0.145 0.619 0.921 10210 0.018 0.494 0.936 9722 0.125
Mar. 0.095 0.534 0.923 10817 -0.003 0.472 0.921 10598 0.062
Apr. 0.099 0.462 0.911 10492 0.017 0.438 0.924 10248 0.024
May. 0.085 0.381 0.913 10397 0.030 0.375 0.913 10170 0.006
Jun. 0.107 0.365 0.906 10638 0.046 0.330 0.922 9773 0.035
Jul. 0.140 0.363 0.912 10829 0.056 0.314 0.914 10038 0.049
Aug. 0.114 0.370 0.921 10754 0.037 0.315 0.911 9641 0.055
Sep. 0.150 0.411 0.926 10252 0.072 0.399 0.921 9272 0.012
Oct. 0.167 0.527 0.922 10491 0.044 0.460 0.936 18238 0.067
Nov. 0.028 0.503 0.938 10670 -0.011 0.504 0.938 8687 -0.001
Dec. 0.007 0.515 0.952 10739 0.018 0.491 0.950 9148 0.024
Ave. 0.106 0.475 0.922 10597 0.025 0.426 0.928 10513 0.049
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& 353 HAF HFEIGWW3) H'd tinl BIAS, RMSE, CORR +48H H]| i

2016 A 2017 @
bias RMSE bias RMSE 2016-2017
month C.C entries C.C entries
(m) (m) (m) (m) (RMSE)
Jan. 0.115 0.706 0.905 10871 0.001 0.520 0.921 10619 0.186
Feb. 0.143 0.674 0.906 10210 0.019 0.494 0.915 9722 0.180
Mar. 0.094 0.594 0.904 10817 0.026 0.472 0.891 10598 0.122
Apr. 0.105 0.503 0.894 10492 0.046 0.438 0.902 10248 0.065
May. 0.108 0.418 0.899 10397 0.048 0.375 0.889 10170 0.043
Jun. 0.139 0.400 0.897 10638 0.071 0.330 0.904 9773 0.070
Jul. 0.264 0.401 0.899 10829 0.095 0.314 0.897 10038 0.087
Aug. 0.133 0.406 0.909 10754 0.064 0.315 0.897 9641 0.091
Sep. 0.184 0.461 0.914 10252 0.109 0.399 0.906 9272 0.062
Oct. 0.178 0.566 0.910 10491 0.068 0.460 0.926 17608 0.106
Nov. 0.049 0.549 0.927 10670 0.011 0.504 0.927 8687 0.045
Dec. 0.025 0.553 0.946 10739 0.034 0.491 0.935 9148 0.062
Ave. 0.128 0.519 0.909 10597 0.049 0.426 0.909 10460 0.093
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F® 354 AAF oG EAGWW3) d thir] BIAS, RMSE, CORR +72H H]al

2016 @ 2017 4
bias RMSE bias RMSE 2016-2017
month C.C entries C.C entries
(m) (m) (m) (m) (RMSE)
Jan. 0.090 0.795 0.874 10871 0.019 0.662 0.908 10619 0.133
Feb. 0.133 0.741 0.885 10210 0.005 0.665 0.885 9722 0.076
Mar. 0.092 0.637 0.889 10817 0.030 0.645 0.857 10598 -0.008
Apr. 0.105 0.557 0.869 10492 0.091 0.594 0.868 10248 -0.037
May. 0.117 0.458 0.879 10397 0.059 0.502 0.849 10170 -0.044
Jun, 0.161 0.447 0.875 10638 0.099 0.436 0.871 9773 0.011
Jul. 0.179 0.452 0.871 10829 0.107 0.404 0.871 10038 0.048
Aug. 0.145 0.461 0.878 10754 0.070 0.401 0.861 9641 0.060
Sep. 0.197 0.544 0.878 10252 0.117 0.497 0.882 9272 0.047
Oct. 0.184 0.638 0.885 10491 0.074 0.560 0.905 17010 0.078
Nov. 0.055 0.644 0.901 10670 0.007 0.621 0.906 8687 0.023
Dec. 0.054 0.629 0.932 10739 0.034 0.673 0.906 9148 -0.044
Ave. 0.126 0.584 0.885 10597 0.059 0.555 0.881 10411 0.029
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355 AATF G EDGWW3) d thr] BIAS, RMSE, CORR +96H ]l

2016 @ 2017 4
bias RMSE bias RMSE 2016-2017
month C.C entries Cc.C entries
(m) (m) (m) (m) (RMSE)
Jan. 0.068 0.891 0.838 10871 0.042 0.779 0.874 10619 0.112
Feb. 0.104 0.826 0.851 10210 -0.008 0.788 0.839 9722 0.038
Mar. 0.085 0.740 0.848 10817 0.045 0.726 0.816 10598 0.014
Apr. 0.109 0.624 0.836 10492 0.116 0.672 0.835 10248 -0.048
May. 0.127 0.513 0.849 10397 0.070 0.579 0.799 10170 -0.066
Jun. 0.180 0.510 0.839 10638 0.116 0.494 0.828 9773 0.016
Jul. 0.203 0.513 0.831 10829 0.097 0.468 0.817 10038 0.045
Aug. 0.148 0.535 0.823 10754 0.063 0.477 0.798 9641 0.058
Sep. 0.213 0.621 0.840 10252 0.113 0.581 0.834 9272 0.040
Oct. 0.184 0.759 0.835 10491 0.126 0.701 0.859 16396 0.058
Nov. 0.060 0.748 0.866 10670 -0.008 0.726 0.870 8687 0.022
Dec. 0.043 0.753 0.901 10739 0.028 0.748 0.879 9148 0.005
Ave. 0.127 0.669 0.846 10597 0.067 0.645 0.837 10359 0.024
0f] 51 A 7H 2016-2017 H| 1L [S6HR) Of 2 A] ZHE RMSE H| il (S6HR)
02 15
N 2016 W 2017
01
1
05
-01
-0.2 o -
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356 AAF sFEDGWW3) Hd tiH] BIAS, RMSE, CORR +120H Hlx

2016 @ 2017 @
bias RMSE bias RMSE 2016-2017
month C.C entries C.C entries
(m) (m) (m) (m) (RMSE)
Jan. 0.097 0.999 0.797 10871 0.032 0.914 0.822 10619 0.085
Feb. 0.049 0.954 0.791 10210 -0.001 0.929 0.777 9722 0.025
Mar. 0.082 0.844 0.800 10817 0.037 0.835 0.754 10598 0.009
Apr. 0.099 0.714 0.778 10492 0.142 0.773 0.786 10248 -0.059
May. 0.109 0.581 0.798 10397 0.066 0.660 0.737 10170 -0.079
Jun, 0.182 0.574 0.793 10638 0.096 0.566 0.761 9773 0.008
Jul. 0.201 0.564 0.778 10829 0.095 0.530 0.761 10038 0.034
Aug. 0.152 0.610 0.763 10754 0.074 0.590 0.704 9641 0.020
Sep. 0.238 0.676 0.808 10252 0.129 0.655 0.791 9272 0.021
Oct. 0.191 0.842 0.795 10491 0.111 0.912 0.760 15766 -0.070
Nov. 0.053 0.882 0.819 10670 -0.018 0.954 0.776 8687 -0.072
Dec. 0.022 0.889 0.856 10739 0.040 0.887 0.819 9148 0.002
Ave. 0.123 0.761 0.798 10597 0.067 0.767 0.771 10307 -0.006
0f| 2 A| 7HE 2016-2017 H| 12 (120HR) 0f| 2 A| ZHE RMSE H| 12 (120HR)
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3522 AY FEd (RWW3) Fo

%!

=
)

¥ 357 AY FFEIRWW3) 9F = Fo] (22101) A4 BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | 0.09 | 0.10 | 0.00 | 0.01 | 0.00 | -0.07 | -0.10 | -0.09 | -0.13 | -0.04 | 0.08 | 0.09 | -0.01
24hr | 0.11 | 0.15 | 0.03 | 0.05 | 0.02 | -0.06 | -0.11 | -0.10 | -0.11 | -0.04 | 0.12 | 0.10 | 0.01
36hr | 0.14 | 0.15 | 0.02 | 0.07 | 0.06 | -0.03 | -0.12 | -0.10 | -0.10 | -0.05 | 0.13 | 0.13 | 0.02
48hr | 0.13 | 0.18 | 0.01 | 0.08 | 0.06 | -0.03 | -0.12 | -0.11 | -0.07 | -0.04 | 0.16 | 0.16 | 0.04
60hr | 0.14 | 0.22 | 0.04 | 0.09 | 0.10 | -0.02 | -0.11 | -0.12 | -0.08 | -0.02 | 0.17 | 0.22 | 0.05
72hr | 0.14 | 0.20 | 0.03 | 0.08 | 0.08 | -0.02 | -0.07 | -0.12 | -0.08 | -0.01 | 0.20 | 0.26 | 0.06

# 358 A9 HFEIRWW3) A= Fo] (22101) A% RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | 0.26 | 0.23 | 0.16 | 0.15 | 0.14 | 0.15 | 0.17 | 0.15 | 0.20 | 0.20 | 0.33 | 0.24 | 0.20
24hr | 0.30 | 0.27 | 0.20 | 0.21 | 0.15 | 0.14 | 0.17 | 0.18 | 0.17 | 0.21 | 0.33 | 0.31 | 0.22
36hr | 0.37 | 0.28 | 0.20 | 0.26 | 0.19 | 0.14 | 0.19 | 0.21 | 0.20 | 0.25 | 0.29 | 0.33 | 0.24
48hr | 0.37 | 0.30 | 0.19 | 0.23 | 0.21 | 0.13 | 0.18 | 0.27 | 0.23 | 0.25 | 0.31 | 0.37 | 0.25
60hr | 0.37 | 0.33 | 0.19 | 0.23 | 0.22 | 0.17 | 0.17 | 0.31 | 0.27 | 0.25 | 0.29 | 0.37 | 0.26
72hr | 0.38 | 0.31 | 0.22 | 0.25 | 0.22 | 0.17 | 0.19 | 0.31 | 0.33 | 0.26 | 0.34 | 0.43 | 0.28

¥ 359 AY FFEIRWW3) A= Fo] (22102) A4 BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | -0.17 | -0.16 | -0.14 | -0.06 | -0.05 | -0.05 | -0.14 | -0.08 | -0.05 | -0.12 | -0.06 | -0.11 | -0.10
24hr | -0.15 | -0.17 | -0.13 | -0.02 | -0.06 | -0.05 | -0.15 | -0.09 | -0.01 | -0.13 | -0.07 | -0.15 | -0.10
36hr | -0.17 | -0.14 | -0.14 | 0.00 | -0.05 | -0.03 | -0.15 | -0.11 | -0.02 | -0.14 | -0.07 | -0.17 | -0.10
48hr | -0.18 | -0.12 | -0.15| 0.00 | -0.01 | 0.00 | -0.19 | -0.11 | -0.01 | -0.16 | -0.07 | -0.10 | -0.09
60hr | -0.17 | -0.12 | -0.13 | 0.00 | -0.01 | -0.03 | -0.20 | -0.14 | -0.01 | -0.17 | -0.07 | -0.05 | -0.09
72hr | -0.18 | -0.15 | -0.12 | 0.00 | -0.02 | -0.03 | -0.22 | -0.14 | -0.05 | -0.16 | -0.02 | -0.03 | -0.09

¥ 3510 A FFRIRWW3) LS Fo] (22102) A RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | 0.28 | 0.24 | 0.21 | 0.17 | 0.16 | 0.18 | 0.20 | 0.19 | 0.14 | 0.27 | 0.18 | 0.27 | 0.21
24hr | 0.31 | 0.32 | 0.24 | 0.19 | 0.14 | 0.17 | 0.22 | 0.21 | 0.19 | 0.25 | 0.25 | 0.34 | 0.24
36hr | 0.32 | 0.32 | 0.24 | 0.23 | 0.17 | 0.18 | 0.22 | 0.21 | 0.20 | 0.28 | 0.31 | 0.43 | 0.26
48hr | 0.38 | 0.37 | 0.29 | 0.22 | 0.16 | 0.21 | 0.25 | 0.20 | 0.22 | 0.33 | 0.35 | 0.39 | 0.28
60hr | 0.33 | 0.37 | 0.31 | 0.26 | 0.19 | 0.18 | 0.27 | 0.28 | 0.32 | 0.36 | 0.37 | 0.38 | 0.30
72hr | 0.39 | 0.39 | 0.30 | 0.29 | 0.26 | 0.19 | 0.27 | 0.39 | 0.36 | 0.37 | 0.34 | 0.35 | 0.32
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# 3511 A ¢ FFELYRWW3) AEE Fo

(22103) */ 3 BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | -0.14 | -0.17 | -0.12 | -0.09 | -0.08 | -0.09 | -0.20 | -0.06 | -0.01 | 0.06 | -0.17 | -0.19 | -0.11
24hr | -0.08 | -0.09 | -0.14 | -0.04 | -0.03 | -0.07 | -0.19 | -0.03 | 0.03 | 0.11 | -0.17 | -0.16 | -0.07
36hr | -0.09 | -0.12 | -0.17 | -0.06 | -0.04 | -0.07 | -0.19 | -0.02 | 0.04 | 0.14 | -0.14 | -0.17 | -0.07
48hr | -0.11 | -0.09 | -0.18 | -0.03 | 0.00 | -0.07 | -0.22 | -0.05 | -0.01 | 0.25 | -0.14 | -0.13 | -0.07
60hr | -0.13 | -0.07 | -0.15 | -0.01 | -0.01 | -0.10 | -0.25 | 0.01 | -0.07 | 0.20 | -0.15 | -0.07 | -0.07
72hr | -0.13 | -0.08 | -0.13 | 0.01 | 0.02 | -0.06 | -0.27 | 0.02 | -0.10 | 0.22 | -0.12 | -0.04 | -0.06
# 3512 A9 FHFRIRWW3) A&EE Fo] (22103) A3 RMSE
FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | 0.25 | 0.29 | 0.26 | 0.20 | 0.17 | 0.21 | 0.26 | 0.25 | 0.29 | 0.33 | 0.25 | 0.28 | 0.25
24hr | 0.24 | 0.27 | 0.28 | 0.22 | 0.21 | 0.22 | 0.26 | 0.30 | 0.29 | 0.35 | 0.26 | 0.31 | 0.27
36hr | 0.21 | 0.29 | 0.30 | 0.27 | 0.19 | 0.21 | 0.29 | 0.33 | 0.28 | 0.39 | 0.27 | 0.37 | 0.28
48hr | 0.26 | 0.29 | 0.33 | 0.25 | 0.23 | 0.24 | 0.34 | 0.37 | 0.34 | 0.55 | 0.27 | 0.38 | 0.32
60hr | 0.27 | 0.33 | 0.33 | 0.32 | 0.24 | 0.25 | 0.38 | 0.43 | 0.33 | 0.53 | 0.28 | 0.32 | 0.33
72hr | 0.29 | 0.33 | 0.34 | 0.41 | 0.26 | 0.29 | 0.42 | 0.50 | 0.42 | 0.52 | 0.25 | 0.34 | 0.36
¥ 3513 A9 FHYRIRWW3) AAE Fo] (22104) A H BIAS
FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr |-0.21]-0.18 | -0.19 | -0.13 | -0.17 | -0.01 | -0.09 | -0.05 | -0.06 | -0.04 | -0.20 | -0.18 | -0.13
24hr | -0.18 | -0.16 | -0.19 | -0.07 | -0.14 | 0.01 | -0.05| -0.02 | -0.05 | 0.03 | -0.19 | -0.17 | -0.10
36hr | -0.21 | -0.15| -0.18 | -0.04 | -0.11 | 0.02 | -0.01 | 0.01 | -0.07 | 0.04 | -0.18 | -0.18 | -0.09
48hr | -0.21 | -0.14 | -0.19 | -0.02 | -0.08 | 0.04 | -0.05| 0.03 | -0.04 | 0.14 | -0.17 | -0.17 | -0.07
60hr | -0.19 | -0.15 | -0.18 | 0.03 | -0.10 | 0.03 | -0.09 | 0.03 | -0.09 | 0.15 | -0.20 | -0.11 | -0.07
72hr | -0.20 | -0.15| -0.16 | 0.06 | -0.11 | 0.03 | -0.07 | 0.07 | -0.08 | 0.13 | -0.18 | -0.10 | -0.06
# 3514 A9 FHFRIRWW3) AAE Fo] (22104) A3 RMSE
FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | 0.31 | 0.26 | 0.26 | 0.21 | 0.25 | 0.16 | 0.19 | 0.21 | 0.30 | 0.30 | 0.30 | 0.26 | 0.25
24hr | 0.30 | 0.24 | 0.31 | 0.24 | 0.25 | 0.16 | 0.21 | 0.25 | 0.34 | 0.36 | 0.30 | 0.28 | 0.27
36hr | 0.31 | 0.26 | 0.30 | 0.27 | 0.25 | 0.15 | 0.25 | 0.28 | 0.37 | 0.39 | 0.31 | 0.29 | 0.29
48hr | 0.33 | 0.28 | 0.34 | 0.29 | 0.25 | 0.18 | 0.28 | 0.34 | 0.45 | 0.52 | 0.33 | 0.31 | 0.32
60hr | 0.32 | 0.30 | 0.36 | 0.37 | 0.28 | 0.18 | 0.32 | 0.38 | 0.44 | 0.54 | 0.33 | 0.33 | 0.35
72hr | 0.35 | 0.32 | 0.32 | 0.39 | 0.25 | 0.24 | 0.37 | 0.48 | 0.49 | 0.58 | 0.36 | 0.33 | 0.37
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¥ 3515 A9 FRHARWWS) 53l Fo] (22105) 13 BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | -0.13]-0.16 | -0.18 | -0.14 | -0.19 | -0.14 | -0.04 | -0.07 | -0.13 | -0.05 | -0.11 | -0.08 | -0.12
24hr | -0.09 | -0.14 | -0.14 | -0.10 | -0.14 | -0.15 | 0.00 | -0.07 | -0.15 | -0.04 | -0.13 | -0.07 | -0.10
36hr | -0.15 | -0.18 | -0.11 | -0.09 | -0.06 | -0.13 | 0.02 | -0.06 | -0.12 | -0.04 | -0.14 | -0.10 | -0.10
48hr | -0.14 | -0.16 | -0.10 | -0.04 | -0.01 | -0.11 | -0.02 | -0.04 | -0.09 | -0.02 | -0.11 | -0.15 | -0.08
60hr | -0.14 | -0.20 | -0.13 | -0.02 | 0.03 | -0.10 | -0.08 | -0.03 | -0.04 | -0.04 | -0.19 | -0.12 | -0.09
72hr | -0.15| -0.18 | -0.14 | -0.05 | -0.02 | -0.10 | -0.06 | -0.04 | -0.01 | -0.08 | -0.12 | -0.01 | -0.08
¥ 3516 A9 FHFRHRWW3) 53l Fo] (22105) A RMSE
FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | 0.39 | 0.36 | 0.34 | 0.28 | 0.35 | 0.33 | 0.23 | 0.22 | 0.31 | 0.27 | 0.31 | 0.28 | 0.31
24hr | 0.39 | 0.39 | 0.32 | 0.29 | 0.34 | 0.33 | 0.25 | 0.24 | 0.41 | 0.24 | 0.33 | 0.27 | 0.32
36hr | 0.38 | 0.40 | 0.35 | 0.35 | 0.35 | 0.33 | 0.25 | 0.24 | 0.39 | 0.34 | 0.35 | 0.35 | 0.34
48hr | 0.37 | 043 | 0.29 | 0.34 | 0.44 | 0.30 | 0.26 | 0.33 | 0.39 | 0.37 | 0.41 | 0.40 | 0.36
60hr | 0.46 | 0.43 | 0.29 | 0.32 | 0.53 | 0.26 | 0.26 | 0.37 | 0.41 | 0.43 | 0.49 | 0.44 | 0.39
72hr | 0.47 | 0.47 | 0.32 | 0.35 | 0.46 | 0.31 | 0.24 | 0.40 | 0.39 | 0.54 | 0.38 | 0.44 | 0.40
¥ 3517 A HFRARWWS) £33 Fo] (22106) X3 BIAS
FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | -0.28 | -0.30 | -0.26 | -0.14 | -0.13 | -0.12 | -0.07 | -0.20 | -0.13 | -0.18 | -0.24 | -0.27 | -0.19
24hr | -0.27 | -0.29 | -0.22 | -0.10 | -0.09 | -0.10 | 0.00 | -0.19 | -0.11 | -0.15 | -0.23 | -0.25 | -0.17
36hr | -0.29 | -0.29 | -0.21 | -0.08 | 0.00 | -0.07 | 0.03 | -0.18 | -0.07 | -0.12 | -0.27 | -0.29 | -0.15
48hr | -0.30 | -0.28 | -0.24 | -0.07 | 0.02 | -0.06 | -0.03 | -0.11 | -0.08 | -0.10 | -0.24 | -0.32 | -0.15
60hr | -0.30 | -0.29 | -0.27 | -0.08 | 0.07 | -0.05 | -0.04 | -0.10 | -0.05 | -0.11 | -0.23 | -0.30 | -0.15
72hr | -0.33 | -0.28 | -0.25 | -0.04 | 0.03 | -0.07 | -0.02 | -0.05 | 0.03 | -0.11 | -0.23 | -0.25 | -0.13
¥ 3518 X wF R ARWW3) £ Fo] (22106) A% RMSE
FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | 0.40 | 0.40 | 0.37 | 0.30 | 0.30 | 0.24 | 0.17 | 0.29 | 0.27 | 0.43 | 0.35 | 0.35 | 0.32
24hr | 0.37 | 0.41 | 0.36 | 0.31 | 0.27 | 0.23 | 0.17 | 0.32 | 0.27 | 0.43 | 0.37 | 0.33 | 0.32
36hr | 0.42 | 0.43 | 0.41 | 0.29 | 0.26 | 0.27 | 0.25 | 0.34 | 0.26 | 0.50 | 0.41 | 0.36 | 0.35
48hr | 0.42 | 042 | 0.41 | 0.30 | 0.32 | 0.23 | 0.20 | 0.37 | 0.27 | 0.57 | 0.40 | 0.42 | 0.36
60hr | 0.41 | 0.46 | 0.45 | 0.34 | 0.31 | 0.19 | 0.20 | 0.43 | 0.38 | 0.62 | 0.42 | 0.42 | 0.39
72hr | 0.54 | 0.49 | 0.39 | 0.34 | 0.28 | 0.26 | 0.23 | 0.51 | 0.37 | 0.67 | 0.42 | 0.38 | 0.41
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¥ 3519 A9 FHYRFRWW3) vtets Fo] (22107) A& BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

12hr | -0.12 | -0.02 | -0.12 | -0.02 | 0.02 | 0.02 | -0.16 | -0.05 | -0.03 | -0.19 | -0.15 | -0.18 | -0.08

24hr | -0.14 | -0.06 | -0.10 | -0.02 | 0.02 | 0.02 | -0.16 | -0.05 | -0.01 | -0.15 | -0.15 | -0.25 | -0.09

36hr |-0.19 | -0.08 | -0.14 | 0.00 | 0.03 | 0.03 | -0.21 | -0.04 | 0.01 | -0.16 | -0.16 | -0.33 | -0.10

48hr | -0.18 | -0.08 | -0.18 | 0.02 | 0.09 | 0.02 | -0.27 | -0.04 | -0.04 | -0.15 | -0.13 | -0.30 | -0.10

60hr | -0.22 | -0.06 | -0.15| 0.07 | 0.08 | 0.00 | -0.32 | -0.01 | -0.08 | -0.12 | -0.13 | -0.21 | -0.10

72hr | -0.23 | -0.02 | -0.14 | 0.09 | 0.07 | 0.03 | -0.36 | -0.03 | -0.12 | -0.16 | -0.10 | -0.14 | -0.09

#3520 A9 AFEARWWI) mtete Fo] (22107) AH RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

12hr | 0.29 | 0.22 | 0.27 | 0.18 | 0.14 | 0.21 | 0.28 | 0.23 | 0.29 | 0.30 | 0.25 | 0.28 | 0.24

24hr | 0.32 | 0.25 | 0.29 | 0.20 | 0.16 | 0.21 | 0.29 | 0.27 | 0.27 | 0.29 | 0.26 | 0.36 | 0.26

36hr | 0.35 | 0.29 | 0.37 | 0.25 | 0.18 | 0.20 | 0.33 | 0.37 | 0.30 | 0.34 | 0.34 | 0.45 | 0.31

48hr | 0.42 | 0.30 | 0.40 | 0.25 | 0.26 | 0.20 | 0.38 | 0.41 | 0.31 | 0.37 | 0.37 | 0.49 | 0.35

60hr | 0.46 | 0.35 | 0.45 | 0.31 | 0.25 | 0.21 | 0.44 | 0.56 | 0.42 | 0.40 | 0.39 | 0.43 | 0.39

72hr | 0.44 | 042 | 045 | 0.36 | 0.31 | 0.27 | 0.47 | 0.64 | 0.54 | 0.45 | 0.37 | 0.48 | 0.43

¥ 3521 A9 FHYERIRWW3) AE Fo] (22108) A H BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

12hr | -0.09 | -0.07 | -0.08 | 0.01 | -0.05 | -0.05 | -0.18 | -0.13 | -0.12 | -0.11 | -0.04 | -0.03 | -0.08

24hr | -0.06 | -0.03 | -0.04 | 0.04 | -0.01 | -0.01 | -0.17 | -0.14 | -0.10 | -0.10 | -0.03 | -0.05 | -0.06

36hr | -0.05|-0.02|-0.04| 0.08 | 0.02 | 0.01 | -0.21 | -0.16 | -0.09 | -0.11 | -0.01 | -0.01 | -0.05

48hr | -0.04 | 0.01 | -0.05 | 0.10 | 0.03 | 0.01 | -0.20 | -0.18 | -0.06 | -0.11 | -0.02 | 0.05 | -0.04

60hr | -0.04 | 0.04 | -0.03 | 0.11 | 0.07 | 0.00 | -0.20 | -0.17 | -0.07 | -0.10 | 0.03 | 0.13 | -0.02

72hr | -0.04 | 0.00 | -0.01 | 0.08 | 0.06 | 0.02 | -0.19 | -0.20 | -0.08 | -0.08 | 0.04 | 0.16 | -0.02

#3522 A9 AFEYRWWI) A% Fo] (22108) AH RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

12hr | 0.25 | 0.26 | 0.16 | 0.16 | 0.17 | 0.16 | 0.28 | 0.25 | 0.22 | 0.23 | 0.27 | 0.27 | 0.22

24hr | 0.29 | 0.30 | 0.21 | 0.20 | 0.21 | 0.20 | 0.28 | 0.31 | 0.19 | 0.24 | 0.27 | 0.35 | 0.25

36hr | 0.29 | 0.30 | 0.22 | 0.28 | 0.22 | 0.21 | 0.30 | 0.35 | 0.21 | 0.26 | 0.29 | 0.39 | 0.28

48hr | 0.38 | 0.38 | 0.24 | 0.27 | 0.23 | 0.18 | 0.31 | 0.42 | 0.23 | 0.31 | 0.29 | 0.38 | 0.30

60hr | 0.32 | 0.37 | 0.26 | 0.31 | 0.28 | 0.19 | 0.32 | 0.47 | 0.28 | 0.36 | 0.32 | 0.40 | 0.32

72hr | 0.40 | 0.37 | 0.29 | 0.29 | 0.35 | 0.23 | 0.34 | 0.50 | 0.41 | 0.35 | 0.30 | 0.44 | 0.35
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¥ 3523 A9 FFRARWW3) 255 Fo] (21229) A& BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

12hr | -0.17 | -0.17 | -0.08 | -0.16 | -0.09 | -0.13 | -0.22 | -0.06 | -0.08 | -0.15 | -0.20 | -0.22 | -0.15

24hr | -0.13 | -0.14 | -0.07 | -0.13 | -0.03 | -0.13 | -0.17 | -0.05 | -0.10 | -0.15 | -0.21 | -0.23 | -0.13

3ohr | -0.20 | -0.14 | -0.06 | -0.09 | 0.02 | -0.11 | -0.17 | -0.05 | -0.08 | -0.14 | -0.23 | -0.24 | -0.12

48hr | -0.21 | -0.13 | -0.05 | -0.05 | 0.07 | -0.11 | -0.18 | -0.04 | -0.02 | -0.13 | -0.22 | -0.27 | -0.11

60hr |-0.21|-0.12 | -0.07 | -0.07 | 0.09 | -0.11 | -0.19 | -0.01 | 0.02 | -0.17 | -0.27 | -0.24 | -0.11

72hr | -0.18 | -0.13 | -0.07 | -0.05 | 0.10 | -0.07 | -0.17 | 0.02 | 0.02 | -0.20 | -0.23 | -0.15 | -0.09

¥ 3524 AY AFEYRWW3I) £55 F°] (21229) A RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

12hr | 0.50 | 0.36 | 0.22 | 0.35 | 0.25 | 0.30 | 0.32 | 0.22 | 0.23 | 0.34 | 0.44 | 0.41 | 0.33

24hr | 0.48 | 0.37 | 0.25 | 0.34 | 0.29 | 0.29 | 0.28 | 0.23 | 0.33 | 0.39 | 045 | 0.42 | 0.34

36hr | 0.48 | 0.33 | 0.33 | 0.31 | 0.27 | 0.26 | 0.32 | 0.29 | 0.31 | 0.48 | 0.42 | 0.42 | 0.35

48hr | 0.53 | 0.36 | 0.32 | 0.31 | 0.46 | 0.23 | 0.33 | 0.35 | 0.28 | 0.53 | 0.55 | 0.46 | 0.39

60hr | 0.56 | 0.40 | 0.35 | 0.34 | 0.41 | 0.22 | 0.38 | 0.37 | 0.40 | 0.66 | 0.55 | 0.50 | 0.43

72hr | 0.59 | 0.39 | 0.34 | 0.39 | 045 | 0.24 | 0.38 | 0.48 | 0.42 | 0.78 | 0.45 | 0.53 | 0.45

¥ 3525 A9 FYRFRWW3) FAE Fo] (22184) A H BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

12hr | -0.12 | -0.09 | -0.07 | -0.07 | -0.12 | -0.07 | -0.20 | -0.09 | 0.02 | -0.06 | -0.12 | -0.12 | -0.09

24hr | -0.12 | -0.09 | -0.02 | 0.00 | -0.10 | -0.06 | -0.20 | -0.06 | 0.03 | -0.03 | -0.13 | -0.15 | -0.08

36hr | -0.14 | -0.09 | -0.07 | 0.00 | -0.12 | -0.07 | -0.21 | -0.08 | 0.03 | -0.02 | -0.11 | -0.22 | -0.09

48hr | -0.13 | -0.08 | -0.08 | 0.04 | -0.09 | -0.07 | -0.21 | -0.07 | 0.04 | 0.01 | -0.10 | -0.14 | -0.07

60hr | -0.18 | -0.07 | -0.04 | 0.04 | -0.10 | -0.10 | -0.25 | -0.06 | 0.01 | 0.04 | -0.09 | -0.10 | -0.08

72hr | -0.17 | -0.02 | -0.02 | 0.06 | -0.13 | -0.08 | -0.28 | -0.04 | -0.03 | 0.01 | -0.10 | -0.05 | -0.07

¥ 3526 AY

“

FREARWW3) F25 o] (22184) A% RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

12hr | 0.30 | 0.25 | 0.28 | 0.22 | 0.23 | 0.20 | 0.28 | 0.23 | 0.26 | 0.30 | 0.24 | 0.25 | 0.25

24hr | 0.32 | 0.29 | 0.28 | 0.22 | 0.20 | 0.19 | 0.28 | 0.23 | 0.24 | 0.26 | 0.24 | 0.26 | 0.25

36hr | 0.32 | 0.30 | 0.29 | 0.27 | 0.22 | 0.22 | 0.33 | 0.33 | 0.27 | 0.28 | 0.29 | 0.39 | 0.29

48hr | 0.37 | 0.33 | 0.27 | 0.26 | 0.23 | 0.26 | 0.39 | 0.37 | 0.34 | 0.35 | 0.30 | 0.38 | 0.32

60hr | 0.43 | 0.33 | 0.33 | 0.32 | 0.21 | 0.28 | 0.44 | 0.46 | 0.39 | 0.41 | 0.36 | 0.37 | 0.36

72hr | 0.40 | 0.39 | 0.36 | 0.35 | 0.25 | 0.29 | 0.49 | 0.50 | 0.47 | 0.42 | 0.31 | 0.45 | 0.39
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¥ 3527 A9 FREARWWS) Q1A Fo] (22185) A& BIAS
FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | 0.02 | -0.03 | -0.07 | 0.01 | -0.02 | -0.02 | -0.14 | -0.06 | -0.12 | -0.04 | 0.00 | 0.09 | -0.03
24hr | 0.04 | 0.01 |-0.04| 0.06 | 0.02 | 0.00 | -0.14 | -0.08 | -0.11 | -0.04 | 0.04 | 0.10 | -0.01
36hr | 0.06 | 0.02 | -0.04 | 0.09 | 0.06 | 0.01 |-0.15|-0.09 | -0.09 | -0.05 | 0.04 | 0.15 | 0.00
48hr | 0.04 | 0.06 | -0.05| 0.12 | 0.06 | 0.02 | -0.16 | -0.11 | -0.05 | -0.04 | 0.08 | 0.17 | 0.01
60hr | 0.02 | 0.10 | -0.03 | 0.13 | 0.12 | 0.02 | -0.11 | -0.09 | -0.09 | -0.01 | 0.10 | 0.24 | 0.03
72hr | 0.02 | 0.08 | 0.01 | 0.09 | 0.11 | 0.04 | -0.11 | -0.11 | -0.05 | 0.00 | 0.10 | 0.28 | 0.04
® 3528 Ao HH R RWWS) Q1 Fo] (22185) A% RMSE
FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | 0.25 | 0.20 | 0.17 | 0.18 | 0.15 | 0.15 | 0.27 | 0.28 | 0.23 | 0.19 | 0.29 | 0.30 | 0.22
24hr | 0.28 | 0.25 | 0.22 | 0.22 | 0.16 | 0.18 | 0.25 | 0.36 | 0.19 | 0.20 | 0.31 | 0.38 | 0.25
36hr | 0.33 | 0.25 | 0.25 | 0.30 | 0.20 | 0.20 | 0.28 | 0.41 | 0.25 | 0.24 | 0.33 | 0.45 | 0.29
48hr | 0.31 | 0.30 | 0.24 | 0.27 | 0.22 | 0.19 | 0.26 | 0.47 | 0.26 | 0.28 | 0.32 | 0.40 | 0.29
60hr | 0.39 | 0.30 | 0.25 | 0.30 | 0.29 | 0.25 | 0.29 | 0.54 | 0.34 | 0.33 | 0.38 | 0.44 | 0.34
72hr | 0.40 | 0.30 | 0.30 | 0.25 | 0.33 | 0.25 | 0.29 | 0.58 | 0.42 | 0.34 | 0.36 | 0.47 | 0.36
¥ 3529 Ao wFRE(RWW3) H-9F Fo] (22186) A& BIAS
FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | -0.09 | -0.14 | -0.11 | -0.02 | -0.06 | -0.05 | -0.11 | -0.06 | -0.10 | -0.06 | -0.03 | -0.04 | -0.07
24hr | -0.04 | -0.14 | -0.08 | 0.02 | -0.03 | -0.03 | -0.10 | -0.07 | -0.05 | -0.06 | -0.04 | -0.05 | -0.06
36hr | -0.06 | -0.10 | -0.09 | 0.05 | 0.01 | 0.01 | -0.13 | -0.11 | -0.04 | -0.06 | -0.05 | -0.03 | -0.05
48hr | -0.05 | -0.08 | -0.09 | 0.07 | 0.02 | 0.01 |-0.14 | -0.10 | -0.05 | -0.08 | -0.04 | 0.03 | -0.04
60hr | -0.04 | -0.05 | -0.08 | 0.06 | 0.04 | -0.02 | -0.15 | -0.12 | -0.05 | -0.08 | -0.01 | 0.11 | -0.03
72hr | -0.07 | -0.12 | -0.05 | 0.06 | 0.01 | -0.01 | -0.15 | -0.15 | -0.08 | -0.07 | 0.02 | 0.16 |-0.04
¥ 3530 Ao FHFRHRWW3) H3F Fo] (22186) A RMSE
FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | 0.23 | 0.27 | 0.17 | 0.16 | 0.17 | 0.17 | 0.20 | 0.21 | 0.20 | 0.21 | 0.20 | 0.24 | 0.20
24hr | 0.27 | 0.33 | 0.21 | 0.21 | 0.20 | 0.17 | 0.23 | 0.25 | 0.18 | 0.17 | 0.25 | 0.35 | 0.24
36hr | 0.26 | 0.30 | 0.21 | 0.27 | 0.24 | 0.23 | 0.23 | 0.30 | 0.21 | 0.22 | 0.32 | 0.39 | 0.26
48hr | 0.35 | 0.39 | 0.25 | 0.27 | 0.24 | 0.21 | 0.23 | 0.39 | 0.21 | 0.28 | 0.36 | 0.38 | 0.30
60hr | 0.33 | 0.37 | 0.28 | 0.27 | 0.27 | 0.17 | 0.24 | 0.41 | 0.26 | 0.32 | 0.39 | 0.39 | 0.31
72hr | 0.38 | 0.39 | 0.30 | 0.29 | 0.36 | 0.19 | 0.27 | 0.51 | 0.37 | 0.30 | 0.38 | 0.39 | 0.34
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¥ 3531 A9 FYRIRWW3) AAE Fo] (22187) A BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

12hr | -0.29 | -0.24 | -0.20 | -0.13 | -0.12 | -0.06 | -0.21 | -0.10 | -0.10 | -0.13 | -0.23 | -0.26 | -0.17

24hr | -0.27 | -0.21 | -0.22 | -0.12 | -0.11 | -0.08 | -0.21 | -0.06 | -0.08 | -0.06 | -0.21 | -0.29 | -0.16

3ohr | -0.32 | -0.25|-0.27 | -0.12 | -0.10 | -0.07 | -0.24 | -0.04 | -0.08 | -0.05 | -0.21 | -0.34 | -0.17

48hr | -0.31 | -0.23 | -0.25 | -0.08 | -0.03 | -0.06 | -0.29 | -0.03 | -0.13 | 0.05 | -0.19 | -0.35 | -0.16

60hr | -0.35]-0.21 | -0.25| -0.02 | -0.03 | -0.08 | -0.35 | 0.02 | -0.21 | 0.06 | -0.20 | -0.29 | -0.16

72hr | -0.37 | -0.15 | -0.22 | 0.02 | -0.03 | -0.06 | -0.38 | 0.06 | -0.25| 0.07 | -0.14 | -0.26 | -0.14

3 3532 A9 AFEARWW3I) A7E Fo] (22187) AH RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

12hr | 0.39 | 0.31 | 0.27 | 0.25 | 0.22 | 0.20 | 0.29 | 0.25 | 0.28 | 0.34 | 0.32 | 0.31 | 0.29

24hr | 0.39 | 0.31 | 0.31 | 0.26 | 0.23 | 0.23 | 0.29 | 0.32 | 0.26 | 0.33 | 0.31 | 0.37 | 0.30

36hr | 0.44 | 0.37 | 0.38 | 0.27 | 0.22 | 0.25 | 0.35 | 0.38 | 0.26 | 0.35 | 0.34 | 0.46 | 0.34

48hr | 0.44 | 0.35 | 0.38 | 0.26 | 0.32 | 0.26 | 0.39 | 0.42 | 0.32 | 0.40 | 0.33 | 0.50 | 0.36

60hr | 0.46 | 0.37 | 0.42 | 0.34 | 0.29 | 0.26 | 0.49 | 0.57 | 0.43 | 0.41 | 0.37 | 0.44 | 0.40

72hr | 049 | 0.33 | 041 | 041 | 0.36 | 0.33 | 0.54 | 0.73 | 0.59 | 0.45 | 0.36 | 0.42 | 0.45

¥ 3533 A HFRARWWS) 59 Fo] (22188) X BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

12hr | -0.37 | -0.41| -0.30 | -0.12 | -0.17 | -0.11 | -0.14 | -0.12 | -0.13 | -0.13 | -0.33 | -0.34 | -0.22

24hr | -0.33 | -0.33 | -0.28 | -0.03 | -0.13 | -0.07 | -0.12 | -0.11 | -0.10 | -0.07 | -0.30 | -0.31 | -0.18

3ohr |-0.34 | -0.31|-0.31| -0.03 | -0.10 | -0.06 | -0.10 | -0.10 | -0.08 | -0.07 | -0.29 | -0.30 | -0.17

48hr | -0.33 | -0.29 | -0.28 | 0.00 | -0.09 | -0.06 | -0.15 | -0.12 | -0.11 | 0.02 | -0.28 | -0.24 | -0.16

60hr |-0.33-0.29 | -0.25| 0.06 | -0.11 | -0.08 | -0.19 | -0.11 | -0.16 | 0.00 | -0.29 | -0.18 | -0.16

72hr | -0.34 | -0.26 | -0.21 | 0.06 | -0.10 | -0.05 | -0.19 | -0.11 | -0.16 | 0.01 | -0.27 | -0.17 | -0.15

¥ 3534 A9 AFEARWW3) 59 Fo| (22188) A& RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

12hr | 044 | 047 | 0.38 | 0.20 | 0.26 | 0.21 | 0.22 | 0.27 | 0.32 | 0.27 | 0.37 | 0.40 | 0.32
24hr | 0.40 | 0.39 | 0.37 | 0.20 | 0.25 | 0.22 | 0.21 | 0.30 | 0.30 | 0.31 | 0.37 | 0.39 | 0.31
36hr | 0.40 | 0.38 | 0.40 | 0.24 | 0.25 | 0.23 | 0.23 | 0.30 | 0.33 | 0.32 | 0.38 | 0.40 | 0.32
48hr | 0.40 | 0.36 | 0.39 | 0.27 | 0.26 | 0.22 | 0.28 | 0.41 | 0.42 | 0.40 | 0.39 | 0.37 | 0.35
60hr | 0.39 | 0.38 | 0.41 | 042 | 0.31 | 0.23 | 0.35 | 0.45 | 0.42 | 0.40 | 0.36 | 0.36 | 0.37
72hr | 0.44 | 0.42 | 041 | 042 | 0.28 | 0.25 | 0.38 | 0.50 | 0.50 | 0.39 | 0.37 | 0.35 | 0.39
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¥ 3535 A BF A RWWS) &4 Fo] (22189) A BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | -0.16 | -0.13 | -0.12 | -0.16 | -0.17 | -0.03 | -0.13 | -0.06 | -0.06 | 0.07 | -0.07 | -0.14 | -0.10
24hr | -0.13 | -0.08 | -0.09 | -0.08 | -0.13 | 0.01 | -0.10 | -0.05 | -0.04 | 0.12 | -0.05 | -0.09 | -0.06
36hr | -0.14 | -0.07 | -0.07 | -0.03 | -0.08 | 0.05 | -0.06 | -0.02 | -0.01 | 0.16 | -0.06 | -0.14 | -0.04
48hr | -0.13 | -0.11 | -0.07 | -0.04 | -0.03 | 0.03 | -0.09 | -0.01 | 0.04 | 0.20 | -0.07 | -0.17 | -0.04
60hr | -0.16 | -0.09 | -0.10 | -0.02 | -0.01 | 0.02 | -0.10 | 0.01 | 0.02 | 0.21 | -0.05 | -0.13 | -0.03
72hr | -0.17 | -0.11 | -0.08 | 0.08 | -0.02 | 0.01 | -0.06 | 0.04 | 0.03 | 0.19 | -0.07 | -0.08 | -0.02
® 3536 A 3H R RWW3) 24 o] (22189) % RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | 0.29 | 0.26 | 0.24 | 0.36 | 0.31 | 0.25 | 0.24 | 0.24 | 0.24 | 0.36 | 0.31 | 0.26 | 0.28
24hr | 0.28 | 0.27 | 0.23 | 0.29 | 0.30 | 0.20 | 0.25 | 0.27 | 0.29 | 0.32 | 0.30 | 0.25 | 0.27
36hr | 0.29 | 0.27 | 0.26 | 0.27 | 0.29 | 0.25 | 0.27 | 0.36 | 0.32 | 0.40 | 0.26 | 0.28 | 0.29
48hr | 0.35 | 0.28 | 0.35 | 0.26 | 0.40 | 0.25 | 0.29 | 0.34 | 0.35 | 0.47 | 0.30 | 0.33 | 0.33
60hr | 0.40 | 0.39 | 0.40 | 0.33 | 0.45 | 0.25 | 0.29 | 0.42 | 0.37 | 0.47 | 0.38 | 0.33 | 0.37
72hr | 0.44 | 0.35 | 0.28 | 0.47 | 0.41 | 0.29 | 0.31 | 0.49 | 0.46 | 0.56 | 0.35 | 0.30 | 0.39
¥ 3537 A HFEARWWS) &3 Fo] (22190) X3 BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | -0.29 | -0.39 | -0.28 | -0.20 | -0.22 | -0.13 | -0.05 | -0.19 | -0.14 | -0.22 | -0.21 | -0.33 | -0.22
24hr | -0.27 | -0.38 | -0.26 | -0.17 | -0.21 | -0.09 | -0.01 | -0.17 | -0.14 | -0.21 | -0.21 | -0.33 | -0.20
36hr | -0.30 | -0.43 | -0.22 | -0.16 | -0.10 | -0.08 | 0.02 | -0.20 | -0.10 | -0.19 | -0.24 | -0.36 | -0.20
48hr | -0.29 | -0.38 | -0.24 | -0.11 | -0.06 | -0.08 | -0.01 | -0.16 | -0.09 | -0.19 | -0.23 | -0.40 | -0.19
60hr | -0.29 | -0.38 | -0.25 | -0.13 | -0.02 | -0.07 | -0.05 | -0.12 | -0.06 | -0.23 | -0.23 | -0.38 | -0.18
72hr | -0.29 | -0.38 | -0.27 | -0.14 | -0.11 | -0.06 | -0.02 | -0.10 | 0.01 | -0.22 | -0.21 | -0.31 | -0.18
® 3538 Ao HHF R RWWS) 23 Fo] (22190) A% RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
12hr | 0.40 | 0.53 | 0.37 | 0.34 | 0.39 | 0.29 | 0.19 | -0.19| 0.29 | 0.41 | 0.33 | 0.44 | 0.31
24hr | 0.38 | 0.54 | 0.38 | 0.34 | 0.38 | 0.26 | 0.20 | -0.17 | 0.29 | 0.40 | 0.35 | 0.45 | 0.32
36hr | 0.40 | 0.59 | 0.36 | 0.32 | 0.36 | 0.28 | 0.23 | -0.20 | 0.30 | 0.47 | 0.36 | 0.47 | 0.33
48hr | 0.42 | 0.55 | 0.36 | 0.32 | 0.40 | 0.25 | 0.20 | -0.16 | 0.33 | 0.52 | 0.40 | 0.53 | 0.34
60hr | 0.44 | 0.59 | 0.42 | 0.35 | 0.44 | 0.19 | 0.23 | -0.12 | 0.45 | 0.63 | 0.44 | 0.53 | 0.38
72hr | 0.46 | 0.61 | 0.38 | 0.38 | 0.40 | 0.28 | 0.23 | -0.10 | 0.44 | 0.69 | 0.37 | 0.53 | 0.39
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3523 A A} PRI (CWW3) Fo] HF

¥ 3539 A A AF R CWW3) HZ 5 Fo] (22101) X3 BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | 0.04 | 0.04 | -0.03|-0.02 | -0.02 | -0.09 | -0.13 | -0.12 | -0.13 | -0.08 | 0.02 | 0.03 | -0.04
12hr | 0.04 | 0.04 | -0.03 | -0.02 | -0.02 | -0.09 | -0.13 | -0.12 | -0.13 | -0.07 | 0.03 | 0.03 | -0.04
24hr | 0.06 | 0.08 | 0.00 | 0.02 | 0.00 | -0.07|-0.13 | -0.12 | -0.12 | -0.08 | 0.06 | 0.03 | -0.02
36hr | 0.11 | 0.09 | 0.00 | 0.03 | 0.03 | -0.05 | -0.13 | -0.13 | -0.10 | -0.07 | 0.06 | 0.06 | -0.01
48hr | 0.08 | 0.11 | -0.01| 0.03 | 0.04 | -0.05 | -0.13 | -0.13 | -0.07 | -0.07 | 0.09 | 0.10 | 0.00
60hr | 0.09 | 0.14 | 0.01 | 0.04 | 0.05 | -0.04 | -0.11 | -0.15 | -0.08 | -0.05 | 0.09 | 0.14 | 0.01
72hr | 0.07 | 0.14 | 0.01 | 0.05 | 0.04 | -0.04 | -0.09 | -0.14 | -0.09 | -0.04 | 0.11 | 0.18 | 0.02

FE 3540 7A A FFRIACWW3) S Fo] (22101) X% RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | 0.20 | 0.20 | 0.15 | 0.14 | 0.14 | 0.14 | 0.18 | 0.17 | 0.20 | 0.17 | 0.30 | 0.20 | 0.18
12hr | 0.20 | 0.20 | 0.15 | 0.14 | 0.14 | 0.14 | 0.19 | 0.17 | 0.20 | 0.17 | 0.30 | 0.21 | 0.18
24hr | 0.24 | 0.23 | 0.18 | 0.19 | 0.13 | 0.15 | 0.18 | 0.17 | 0.19 | 0.18 | 0.29 | 0.26 | 0.20
36hr | 0.31 | 0.23 | 0.19 | 0.23 | 0.17 | 0.14 | 0.19 | 0.22 | 0.19 | 0.22 | 0.24 | 0.28 | 0.22
48hr | 0.31 | 0.25 | 0.18 | 0.19 | 0.19 | 0.13 | 0.18 | 0.28 | 0.23 | 0.23 | 0.26 | 0.30 | 0.23
60hr | 0.30 | 0.27 | 0.18 | 0.20 | 0.19 | 0.16 | 0.18 | 0.30 | 0.26 | 0.24 | 0.24 | 0.32 | 0.24
72hr | 0.33 | 0.27 | 0.20 | 0.22 | 0.18 | 0.16 | 0.19 | 0.32 | 0.33 | 0.24 | 0.28 | 0.37 | 0.26

E 3541 FA A FFrdCWW3) itz Ho] (22102) A BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | -0.11|-0.09 | -0.08 | 0.01 | 0.01 | 0.03 | -0.01 | 0.04 | 0.06 | -0.06 | -0.01 | -0.05 | -0.02
12hr | -0.11]-0.09 | -0.08 | 0.02 | 0.01 | 0.03 | 0.00 | 0.04 | 0.06 | -0.06 | -0.01 | -0.05 | -0.02
24hr | -0.08 | -0.10 | -0.08 | 0.06 | 0.00 | 0.04 | -0.02 | 0.04 | 0.10 | -0.07 | -0.01 | -0.09 | -0.02
36hr | -0.11 | -0.06 | -0.08 | 0.07 | 0.02 | 0.06 | -0.01 | 0.01 | 0.09 |-0.09 | -0.01 | -0.11 | -0.02
48hr | -0.12 | -0.05 | -0.09 | 0.10 | 0.04 | 0.07 | -0.05| 0.00 | 0.07 | -0.11 | -0.01 | -0.05 | -0.02
60hr | -0.11 | -0.04 | -0.07 | 0.09 | 0.04 | 0.06 | -0.07 | -0.02 | 0.07 | -0.13| 0.00 | 0.01 | -0.02
72hr | -0.13 | -0.07 | -0.05 | 0.10 | 0.03 | 0.05 | -0.11 | -0.02 | 0.03 | -0.11 | 0.04 | 0.04 | -0.02

E 3542 FA A} HFFEICWW3) s Ho] (22102) A H RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | 0.25 | 0.21 | 0.17 | 0.19 | 0.17 | 0.17 | 0.17 | 0.18 | 0.22 | 0.25 | 0.17 | 0.24 | 0.20
12hr | 0.25 | 0.21 | 0.17 | 0.19 | 0.17 | 0.17 | 0.17 | 0.18 | 0.22 | 0.25 | 0.17 | 0.24 | 0.20
24hr | 0.28 | 0.27 | 0.22 | 0.21 | 0.14 | 0.17 | 0.19 | 0.19 | 0.26 | 0.22 | 0.24 | 0.31 | 0.22
36hr | 0.30 | 0.29 | 0.22 | 0.25 | 0.16 | 0.19 | 0.20 | 0.20 | 0.27 | 0.25 | 0.30 | 0.41 | 0.25
48hr | 0.37 | 0.34 | 0.27 | 0.25 | 0.17 | 0.22 | 0.18 | 0.19 | 0.23 | 0.29 | 0.34 | 0.38 | 0.27
60hr | 0.32 | 0.33 | 0.29 | 0.29 | 0.20 | 0.19 | 0.21 | 0.26 | 0.31 | 0.33 | 0.37 | 0.37 | 0.29
72hr | 0.38 | 0.36 | 0.27 | 0.33 | 0.27 | 0.20 | 0.21 | 0.37 | 0.36 | 0.35 | 0.35 | 0.36 | 0.32
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® 3543 FA A PRI CWW3) AEE o] (22103) A BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

Ohr | -0.13|-0.17 | -0.08 | -0.05 | -0.05 | -0.04 | -0.14 | 0.01 | 0.03 | 0.06 | -0.14 | -0.16 | -0.07

12hr | -0.13 | -0.16 | -0.08 | -0.05 | -0.05 | -0.04 | -0.15 | 0.01 | 0.03 | 0.06 | -0.14 | -0.16 | -0.07

24hr | -0.07 | -0.08 | -0.10 | 0.00 | 0.00 | -0.02 | -0.14 | 0.03 | 0.06 | 0.11 | -0.14 | -0.14 | -0.04

36hr | -0.09 | -0.11 | -0.15 | -0.02 | -0.01 | -0.02 | -0.13 | 0.05 | 0.08 | 0.15 | -0.11 | -0.16 | -0.04

48hr | -0.11|-0.07 | -0.15| 0.02 | 0.03 | -0.03 | -0.18 | 0.00 | 0.03 | 0.25 | -0.10 | -0.12 | -0.04

60hr | -0.13 | -0.06 | -0.12 | 0.04 | 0.02 | -0.05 | -0.21 | 0.07 | -0.05 | 0.20 | -0.10 | -0.06 | -0.04

72hr | -0.13 | -0.05| -0.10 | 0.06 | 0.04 | -0.01 | -0.24 | 0.08 | -0.07 | 0.22 | -0.09 | -0.03 | -0.03

E 3544 FA AL FFEIYCWW3) AEE Ho] (22103) A1 RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

Ohr | 0.22 | 0.28 | 0.22 | 0.18 | 0.18 | 0.20 | 0.22 | 0.24 | 0.31 | 0.32 | 0.24 | 0.26 | 0.24

12hr | 0.22 | 0.28 | 0.22 | 0.18 | 0.17 | 0.20 | 0.22 | 0.25 | 0.31 | 0.32 | 0.24 | 0.26 | 0.24

24hr | 0.22 | 0.25 | 0.24 | 0.21 | 0.21 | 0.20 | 0.23 | 0.30 | 0.32 | 0.35 | 0.24 | 0.31 | 0.26

36hr | 0.21 | 0.28 | 0.27 | 0.26 | 0.19 | 0.20 | 0.26 | 0.32 | 0.30 | 0.40 | 0.24 | 0.36 | 0.27

48hr | 0.25 | 0.28 | 0.31 | 0.25 | 0.25 | 0.24 | 0.31 | 0.36 | 0.35 | 0.56 | 0.25 | 0.36 | 0.31

60hr | 0.26 | 0.32 | 0.31 | 0.32 | 0.24 | 0.24 | 0.35 | 0.44 | 0.33 | 0.54 | 0.25 | 0.32 | 0.33

72hr | 029 | 032 | 0.33 | 041 | 0.29 | 0.28 | 0.39 | 0.51 | 0.41 | 0.53 | 0.23 | 0.36 | 0.36

¥ 3545 FA A} FHRICWW3) AAS Fo] (22104) A3 BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

Ohr |-0.18 |-0.14 | -0.13 | -0.05 | -0.11| 0.05 | -0.01 | 0.01 | -0.01| -0.02 | -0.16 | -0.13 | -0.07

12hr | -0.18 | -0.14 | -0.13 | -0.05 | -0.10 | 0.05 | -0.01 | 0.01 | -0.01 | -0.01 | -0.16 | -0.13 | -0.07

24hr | -0.15 | -0.12 | -0.12 | 0.02 | -0.07 | 0.07 | 0.02 | 0.04 | -0.01 | 0.05 | -0.15| -0.12 | -0.04

3ohr |-0.16 | -0.11| -0.12 | 0.05 | -0.04 | 0.08 | 0.06 | 0.06 |-0.01| 0.05 | -0.13 | -0.12 | -0.03

48hr | -0.17 | -0.09 | -0.11 | 0.08 | -0.01 | 0.10 | 0.03 | 0.09 | 0.02 | 0.16 | -0.13 | -0.12 | -0.01

60hr |-0.14 | -0.09 | -0.10 | 0.12 | -0.01 | 0.09 | -0.01 | 0.08 | -0.03 | 0.16 | -0.14 | -0.06 | -0.01

72hr | -0.15 | -0.08 | -0.09 | 0.14 | -0.04 | 0.08 | 0.00 | 0.12 | -0.03 | 0.14 | -0.14 | -0.05 | -0.01

¥ 3546 HA A} FFEILCWW3) AAE o] (22104) A RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

Ohr | 0.30 | 0.24 | 0.23 | 0.15 | 0.22 | 0.18 | 0.17 | 0.20 | 0.29 | 0.29 | 0.28 | 0.26 | 0.23

12hr | 0.31 | 0.25 | 0.23 | 0.15 | 0.22 | 0.18 | 0.17 | 0.20 | 0.29 | 0.29 | 0.29 | 0.26 | 0.24

24hr | 0.30 | 0.24 | 0.30 | 0.23 | 0.24 | 0.18 | 0.20 | 0.25 | 0.33 | 0.36 | 0.31 | 0.27 | 0.27

36hr | 0.32 | 0.25 | 0.29 | 0.28 | 0.25 | 0.18 | 0.25 | 0.28 | 0.36 | 0.40 | 0.32 | 0.29 | 0.29

48hr | 0.34 | 0.27 | 0.32 | 0.30 | 0.25 | 0.20 | 0.27 | 0.34 | 0.45 | 0.52 | 0.34 | 0.32 | 0.33

60hr | 0.33 | 0.30 | 0.34 | 0.38 | 0.28 | 0.20 | 0.29 | 0.38 | 0.43 | 0.55 | 0.33 | 0.36 | 0.35

72hr | 035 | 0.31 | 0.32 | 041 | 0.25 | 0.25 | 0.36 | 0.48 | 0.48 | 0.59 | 0.36 | 0.36 | 0.38
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3547 FA A AFRIACWW3) T3l Fo] (22105) & BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | -0.18 | -0.19 | -0.18 | -0.16 | -0.19 | -0.13 | -0.05 | -0.08 | -0.12 | -0.05 | -0.16 | -0.13 | -0.13
12hr | -0.18 | -0.19 | -0.18 | -0.16 | -0.19 | -0.14 | -0.05 | -0.08 | -0.12 | -0.06 | -0.15 | -0.13 | -0.14
24hr | -0.14 | -0.18 | -0.14 | -0.13 | -0.15 | -0.14 | 0.00 | -0.07 | -0.16 | -0.06 | -0.18 | -0.13 | -0.12
36hr | -0.20 | -0.22 | -0.12 | -0.11 | -0.06 | -0.12 | 0.01 | -0.07 | -0.12 | -0.05 | -0.19 | -0.16 | -0.12
48hr | -0.19 | -0.20 | -0.12 | -0.07 | -0.01 | -0.10 | -0.03 | -0.04 | -0.08 | -0.02 | -0.16 | -0.20 | -0.10
60hr | -0.19 | -0.23 | -0.15 | -0.05 | 0.01 | -0.10 | -0.09 | -0.03 | -0.04 | -0.04 | -0.24 | -0.18 | -0.11
72hr | -0.20 | -0.21 | -0.14 | -0.08 | -0.04 | -0.09 | -0.07 | -0.04 | -0.01 | -0.08 | -0.18 | -0.07 | -0.10

F 3548 FA A AF R CWW3) F3) Fo] (22105) A% RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | 0.40 | 0.37 | 0.33 | 0.29 | 0.35 | 0.32 | 0.21 | 0.22 | 0.28 | 0.28 | 0.33 | 0.29 | 0.31
12hr | 041 | 0.37 | 0.33 | 0.29 | 0.36 | 0.32 | 0.21 | 0.22 | 0.28 | 0.28 | 0.33 | 0.29 | 0.31
24hr | 0.40 | 0.40 | 0.32 | 0.30 | 0.34 | 0.33 | 0.23 | 0.24 | 0.41 | 0.25 | 0.35 | 0.29 | 0.32
36hr | 0.40 | 041 | 0.34 | 0.35 | 0.36 | 0.32 | 0.23 | 0.22 | 0.39 | 0.33 | 0.37 | 0.35 | 0.34
48hr | 0.40 | 0.45 | 0.30 | 0.33 | 043 | 0.29 | 0.25 | 0.32 | 0.38 | 0.37 | 0.42 | 0.39 | 0.36
60hr | 0.48 | 0.45 | 0.30 | 0.30 | 0.52 | 0.25 | 0.26 | 0.36 | 0.39 | 0.41 | 0.50 | 0.44 | 0.39
72hr | 0.50 | 0.49 | 0.32 | 0.34 | 0.46 | 0.30 | 0.24 | 0.40 | 0.37 | 0.51 | 0.39 | 0.43 | 0.40

¥ 3549 7A A AFRIYCWW3) 3 Fo] (22106) A& BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | -0.27 | -0.28 | -0.23 | -0.11 | -0.09 | -0.10 | -0.04 | -0.18 | -0.12 | -0.17 | -0.20 | -0.26 | -0.17
12hr | -0.27 | -0.28 | -0.23 | -0.12 | -0.09 | -0.10 | -0.04 | -0.19 | -0.12 | -0.18 | -0.20 | -0.25 | -0.17
24hr | -0.25 | -0.27 | -0.20 | -0.07 | -0.04 | -0.08 | 0.02 | -0.17 | -0.10 | -0.15 | -0.20 | -0.25 | -0.15
36hr | -0.28 | -0.28 | -0.19 | -0.05 | 0.04 | -0.05 | 0.05 | -0.16 | -0.06 | -0.12 | -0.24 | -0.29 | -0.13
48hr | -0.29 | -0.28 | -0.20 | -0.03 | 0.06 | -0.02 | 0.01 | -0.11 | -0.06 | -0.11 | -0.21 | -0.31 | -0.13
60hr | -0.29 | -0.29 | -0.23 | -0.06 | 0.11 | -0.03 | -0.02 | -0.10 | -0.03 | -0.10 | -0.20 | -0.30 | -0.13
72hr | -0.31|-0.27 | -0.23 | -0.01 | 0.06 | -0.05 | 0.00 | -0.05 | 0.04 | -0.11 | -0.20 | -0.25 | -0.11

E 3550 FA A AP CWW3) 23 Fo] (22106) A% RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | 0.38 | 0.39 | 0.34 | 0.29 | 0.26 | 0.24 | 0.17 | 0.27 | 0.27 | 0.43 | 0.32 | 0.34 | 0.31
12hr | 0.39 | 0.39 | 0.34 | 0.29 | 0.26 | 0.24 | 0.17 | 0.27 | 0.27 | 0.43 | 0.33 | 0.34 | 0.31
24hr | 0.35 | 0.40 | 0.33 | 0.30 | 0.23 | 0.23 | 0.18 | 0.31 | 0.27 | 0.42 | 0.36 | 0.33 | 0.31
36hr | 0.40 | 0.43 | 0.40 | 0.28 | 0.26 | 0.26 | 0.26 | 0.33 | 0.26 | 0.49 | 0.40 | 0.36 | 0.34
48hr | 0.41 | 042 | 0.38 | 0.28 | 0.32 | 0.23 | 0.18 | 0.36 | 0.27 | 0.57 | 0.38 | 0.41 | 0.35
60hr | 0.40 | 0.46 | 040 | 0.33 | 0.32 | 0.18 | 0.19 | 0.42 | 0.38 | 0.60 | 0.41 | 0.40 | 0.38
72hr | 0.53 | 049 | 0.37 | 0.34 | 0.28 | 0.25 | 0.23 | 0.51 | 0.37 | 0.67 | 0.41 | 0.38 | 0.40
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¥ 3551 7A A AF R CWW3) vl Fo] (22107) A3 BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr |-0.19|-0.12 | -0.17 | -0.05 | 0.03 | 0.01 | -0.19 | -0.06 | -0.07 | -0.24 | -0.18 | -0.25 | -0.12
12hr | -0.19 | -0.11 | -0.17 | -0.05 | 0.03 | 0.02 | -0.19 | -0.07 | -0.07 | -0.24 | -0.18 | -0.24 | -0.12
24hr | -0.20 | -0.13 | -0.16 | -0.05 | 0.02 | 0.01 | -0.20 | -0.07 | -0.06 | -0.20 | -0.17 | -0.30 | -0.13
36hr | -0.25|-0.15|-0.19 | -0.04 | 0.03 | 0.02 | -0.24 | -0.06 | -0.05 | -0.21 | -0.18 | -0.37 | -0.14
48hr | -0.25|-0.15 | -0.22 | -0.03 | 0.09 | 0.02 | -0.30 | -0.05 | -0.09 | -0.20 | -0.16 | -0.34 | -0.14
60hr | -0.28 | -0.14 | -0.21 | 0.01 | 0.08 | -0.01 | -0.34 | -0.04 | -0.13 | -0.18 | -0.17 | -0.26 | -0.14
72hr | -0.30 | -0.11 | -0.19 | 0.03 | 0.08 | 0.01 | -0.39 | -0.04 | -0.17 | -0.20 | -0.14 | -0.19 | -0.13

¥ 3552 7A A BF R CWW3) tgt= Fo] (22107) X% RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | 0.33 |1 0.25 | 0.28 | 0.17 | 0.14 | 0.21 | 0.29 | 0.25 | 0.24 | 0.33 | 0.29 | 0.34 | 0.26
12hr | 0.33 | 0.24 | 0.29 | 0.17 | 0.14 | 0.21 | 0.29 | 0.25 | 0.24 | 0.34 | 0.30 | 0.34 | 0.26
24hr | 0.36 | 0.26 | 0.31 | 0.19 | 0.16 | 0.21 | 0.30 | 0.29 | 0.23 | 0.32 | 0.30 | 0.41 | 0.28
36hr | 0.41 | 0.29 | 0.39 | 0.24 | 0.17 | 0.20 | 0.34 | 0.39 | 0.27 | 0.37 | 0.37 | 0.51 | 0.33
48hr | 0.45 | 0.31 | 0.42 | 0.23 | 0.24 | 0.20 | 0.40 | 0.43 | 0.32 | 0.41 | 0.40 | 0.54 | 0.36
60hr | 0.50 | 0.36 | 0.45 | 0.28 | 0.24 | 0.22 | 0.45 | 0.56 | 0.42 | 0.43 | 0.41 | 0.47 | 0.40
72hr | 0.49 | 041 | 045 | 0.33 | 0.29 | 0.25 | 0.49 | 0.64 | 0.54 | 0.47 | 0.39 | 0.47 | 0.44

¥ 3553 7A A AFEIYCWW3) AE Fo] (22108) A& BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | -0.07 | -0.04 | -0.06 | 0.04 | -0.03 | -0.04 | -0.17 | -0.12 | -0.10 | -0.07 | -0.03 | -0.02 | -0.06
12hr | -0.07 | -0.04 | -0.06 | 0.04 | -0.04 | -0.04 | -0.17 | -0.13 | -0.10 | -0.07 | -0.02 | -0.02 | -0.06
24hr | -0.03 | -0.01|-0.01| 0.07 | 0.00 | -0.01 | -0.17 | -0.13 | -0.07 | -0.07 | 0.00 | -0.03 | -0.04
36hr | -0.03| 0.00 | -0.01| 0.10 | 0.03 | 0.01 |-0.20|-0.15| -0.06 | -0.08 | 0.00 | 0.01 | -0.03
48hr | -0.02 | 0.03 | -0.03| 0.12 | 0.04 | 0.01 | -0.20 | -0.16 | -0.03 | -0.08 | 0.01 | 0.06 |-0.02
60hr | -0.01 | 0.07 | -0.01 | 0.12 | 0.08 | 0.01 | -0.20 | -0.15 | -0.04 | -0.08 | 0.05 | 0.14 | 0.00
72hr | -0.03 | 0.03 | 0.01 | 0.09 | 0.07 | 0.02 | -0.18 | -0.18 | -0.06 | -0.05 | 0.06 | 0.18 | 0.00

¥ 3554 7A A AFEICWW3) AE Fo] (22108) A RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | 0.23 | 0.25 | 0.14 | 0.15 | 0.17 | 0.15 | 0.27 | 0.24 | 0.20 | 0.20 | 0.25 | 0.26 | 0.21
12hr | 0.23 | 0.25 | 0.14 | 0.15 | 0.17 | 0.15 | 0.27 | 0.24 | 0.20 | 0.20 | 0.25 | 0.26 | 0.21
24hr | 0.28 | 0.29 | 0.20 | 0.21 | 0.20 | 0.19 | 0.28 | 0.29 | 0.17 | 0.22 | 0.25 | 0.35 | 0.24
36hr | 0.28 | 0.30 | 0.21 | 0.27 | 0.21 | 0.21 | 0.29 | 0.33 | 0.20 | 0.23 | 0.29 | 0.39 | 0.27
48hr | 0.39 | 0.39 | 0.23 | 0.27 | 0.22 | 0.17 | 0.30 | 0.42 | 0.22 | 0.30 | 0.28 | 0.38 | 0.30
60hr | 0.32 | 0.38 | 0.24 | 0.31 | 0.27 | 0.19 | 0.31 | 0.46 | 0.28 | 0.34 | 0.31 | 0.40 | 0.32
72hr | 0.39 | 0.38 | 0.28 | 0.28 | 0.35 | 0.22 | 0.33 | 0.49 | 0.40 | 0.33 | 0.30 | 0.44 | 0.35
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¥ 3555 A AL 3}

ot
H
b

e

o] (21229) A A BIAS

tfo
oftt

(CWW3)

It

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

Ohr | -0.10 | -0.12 | -0.04 | -0.11 | -0.04 | -0.09 | -0.18 | -0.02 | -0.04 | -0.13 | -0.12 | -0.14 | -0.09

12hr | -0.10 | -0.13 | -0.04 | -0.11 | -0.04 | -0.09 | -0.18 | -0.02 | -0.04 | -0.14 | -0.12 | -0.13 | -0.10

24hr | -0.06 | -0.09 | -0.03 | -0.06 | 0.03 | -0.08 | -0.13 | -0.02 | -0.06 | -0.14 | -0.13 | -0.14 | -0.08

36hr |-0.13 | -0.09 | -0.01| -0.03 | 0.08 | -0.07 | -0.12 | -0.02 | -0.04 | -0.11 | -0.15 | -0.14 | -0.07

48hr | -0.14 | -0.09 | -0.01 | 0.02 | 0.12 | -0.07 | -0.14 | 0.00 | 0.01 | -0.10 | -0.14 | -0.19 | -0.06

60hr | -0.14 | -0.08 | -0.02 | -0.01 | 0.14 | -0.07 | -0.15 | 0.03 | 0.06 | -0.14 | -0.19 | -0.15 | -0.06

72hr | -0.11 | -0.08 | -0.03 | 0.01 | 0.15 | -0.03 | -0.13 | 0.05 | 0.06 | -0.17 | -0.15 | -0.07 | -0.04

#3556 A A} FHEICWW3) 55 F°] (21229) 2 H RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

Ohr | 048 | 0.34 | 0.22 | 0.33 | 0.23 | 0.27 | 0.28 | 0.20 | 0.22 | 0.35 | 0.40 | 0.37 | 0.31

12hr | 0.49 | 0.35 | 0.22 | 0.33 | 0.23 | 0.27 | 0.28 | 0.20 | 0.22 | 0.35 | 0.40 | 0.37 | 0.31

24hr | 048 | 0.35 | 0.25 | 0.32 | 0.29 | 0.26 | 0.24 | 0.22 | 0.30 | 0.40 | 0.41 | 0.38 | 0.33

3ohr | 0.47 | 0.32 | 0.33 | 0.30 | 0.29 | 0.24 | 0.29 | 0.28 | 0.30 | 0.48 | 0.38 | 0.37 | 0.34

48hr | 0.51 | 0.36 | 0.33 | 0.31 | 0.48 | 0.21 | 0.30 | 0.33 | 0.29 | 0.51 | 0.52 | 0.42 | 0.38

60hr | 0.54 | 0.40 | 0.35 | 0.33 | 0.44 | 0.19 | 0.36 | 0.36 | 0.40 | 0.64 | 0.53 | 0.47 | 0.42

72hr | 0.58 | 0.39 | 0.35 | 0.39 | 0.47 | 0.23 | 0.36 | 0.49 | 0.42 | 0.75 | 0.42 | 0.51 | 0.45

¥ 3557 FA A} FHRIACWW3) FAE F-o] (22184) A3 BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

Ohr | -0.07 | -0.05 | -0.02 | -0.03 | -0.07 | 0.00 | -0.15| 0.01 | 0.09 | 0.04 | -0.06 | -0.08 | -0.03

12hr | -0.07 | -0.04 | -0.02 | -0.03 | -0.07 | 0.00 | -0.15| 0.01 | 0.09 | 0.04 | -0.06 | -0.09 | -0.03

24hr | -0.06 | -0.05 | 0.00 | 0.03 | -0.06 | 0.00 | -0.15| 0.02 | 0.11 | 0.06 | -0.06 | -0.12 | -0.02

36hr | -0.09 | -0.06 | -0.04 | 0.05 | -0.07 | 0.00 | -0.15| 0.01 | 0.10 | 0.08 | -0.05 | -0.18 | -0.03

48hr | -0.09 | -0.04 | -0.06 | 0.08 | -0.04 | 0.00 | -0.17 | 0.02 | 0.10 | 0.11 | -0.04 | -0.12 | -0.02

60hr | -0.14 | -0.02 | -0.02 | 0.10 | -0.06 | -0.03 | -0.21 | 0.02 | 0.08 | 0.14 | -0.02 | -0.07 | -0.02

72hr | -0.13 | 0.01 | 0.00 | 0.11 | -0.08 | -0.01 | -0.24 | 0.03 | 0.03 | 0.12 | -0.04 | -0.02 | -0.02

3 3558 HA A} FFEYCWW3) FAE o] (22184) A H RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

Ohr | 0.29 | 0.24 | 0.25 | 0.22 | 0.20 | 0.16 | 0.24 | 0.21 | 0.29 | 0.29 | 0.21 | 0.23 | 0.24

12hr | 0.29 | 0.24 | 0.25 | 0.22 | 0.20 | 0.16 | 0.25 | 0.21 | 0.30 | 0.29 | 0.21 | 0.24 | 0.24

24hr | 0.30 | 0.27 | 0.27 | 0.22 | 0.19 | 0.17 | 0.25 | 0.23 | 0.28 | 0.26 | 0.20 | 0.24 | 0.24

36hr | 0.32 | 0.29 | 0.28 | 0.28 | 0.20 | 0.20 | 0.31 | 0.31 | 0.30 | 0.31 | 0.26 | 0.36 | 0.28

48hr | 0.37 | 0.32 | 0.25 | 0.26 | 0.21 | 0.23 | 0.38 | 0.36 | 0.35 | 0.39 | 0.29 | 0.37 | 0.31

60hr | 0.42 | 0.33 | 0.31 | 0.33 | 0.19 | 0.25 | 0.44 | 0.45 | 0.39 | 0.46 | 0.33 | 0.36 | 0.35

72hr | 039 | 0.38 | 0.34 | 0.37 | 0.22 | 0.27 | 0.47 | 0.49 | 0.46 | 0.46 | 0.30 | 0.45 | 0.38
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¥ 3559 FA A HF R CWW3) QI Fo] (22185) A& BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | 0.03 | -0.04 | -0.05| 0.03 | -0.01| -0.01 | -0.13 | -0.05 | -0.11 | -0.04 | -0.01 | 0.07 | -0.03
12hr | 0.03 | -0.05| -0.06 | 0.03 | -0.01 | -0.02 | -0.13 | -0.06 | -0.11 | -0.04 | 0.00 | 0.08 | -0.03
24hr | 0.03 | -0.01|-0.04 | 0.07 | 0.03 | 0.01 |-0.13|-0.07 | -0.10 | -0.05 | 0.04 | 0.09 | -0.01
36hr | 0.05 | 0.01 | -0.02| 0.10 | 0.06 | 0.03 | -0.14 | -0.08 | -0.08 | -0.06 | 0.04 | 0.13 | 0.00
48hr | 0.03 | 0.04 | -0.04| 0.13 | 0.06 | 0.03 | -0.15 | -0.10 | -0.04 | -0.05| 0.07 | 0.17 | 0.01
60hr | 0.02 | 0.08 | -0.02| 0.14 | 0.12 | 0.02 | -0.10 | -0.09 | -0.08 | -0.02 | 0.09 | 0.23 | 0.03
72hr | 0.01 | 0.06 | 0.01 | 0.11 | 0.12 | 0.05 | -0.10 | -0.10 | -0.04 | -0.01 | 0.09 | 0.26 | 0.04

¥ 3560 7A A FFRIACWW3) QU Fo] (22185) X RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | 0.24 | 0.20 | 0.16 | 0.17 | 0.15 | 0.15 | 0.26 | 0.27 | 0.21 | 0.17 | 0.26 | 0.27 | 0.21
12hr | 0.24 | 0.20 | 0.16 | 0.17 | 0.15 | 0.15 | 0.26 | 0.26 | 0.21 | 0.17 | 0.26 | 0.27 | 0.21
24hr | 0.27 | 0.24 | 0.21 | 0.22 | 0.16 | 0.19 | 0.23 | 0.35 | 0.18 | 0.19 | 0.28 | 0.36 | 0.24
36hr | 0.31 | 0.24 | 0.22 | 0.29 | 0.19 | 0.20 | 0.28 | 0.38 | 0.24 | 0.23 | 0.30 | 0.43 | 0.28
48hr | 0.30 | 0.29 | 0.23 | 0.28 | 0.22 | 0.20 | 0.25 | 0.45 | 0.26 | 0.26 | 0.30 | 0.39 | 0.28
60hr | 0.36 | 0.29 | 0.25 | 0.30 | 0.28 | 0.25 | 0.28 | 0.53 | 0.34 | 0.31 | 0.37 | 0.42 | 0.33
72hr | 0.38 | 0.30 | 0.29 | 0.26 | 0.32 | 0.24 | 0.29 | 0.57 | 0.41 | 0.33 | 0.35 | 0.45 | 0.35

E 3561 A A AF P (CWW3) F<F Fo] (22186) # & BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | -0.08 | -0.12 | -0.09 | 0.02 | -0.04 | 0.00 | -0.04 | -0.01 | -0.06 | -0.04 | -0.04 | -0.03 | -0.04
12hr | -0.08 | -0.12 | -0.09 | 0.03 | -0.04 | 0.00 | -0.04 | -0.01 | -0.06 | -0.04 | -0.03 | -0.03 | -0.04
24hr | -0.04 | -0.12 | -0.07 | 0.06 |-0.01| 0.03 | -0.05| -0.02 | -0.02 | -0.04 | -0.02 | -0.05 | -0.03
36hr | -0.05|-0.09 | -0.07 | 0.10 | 0.03 | 0.06 |-0.08|-0.05|-0.02 | -0.06 | -0.03 | -0.03 | -0.03
48hr | -0.05 | -0.08 | -0.08 | 0.11 | 0.04 | 0.06 | -0.09 | -0.05 | -0.02 | -0.06 | -0.03 | 0.03 | -0.02
60hr | -0.03 | -0.05 | -0.07 | 0.10 | 0.06 | 0.04 | -0.11| -0.06 | -0.02 | -0.06 | 0.01 | 0.11 | -0.01
72hr | -0.07 | -0.10 | -0.03 | 0.09 | 0.04 | 0.03 | -0.11| -0.09 | -0.04 | -0.05 | 0.02 | 0.15 | -0.01

¥ 3562 1A A FF R CWW3) F<F Fo] (22186) A RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | 0.23 | 0.25 | 0.15 | 0.16 | 0.16 | 0.15 | 0.18 | 0.21 | 0.17 | 0.19 | 0.20 | 0.23 | 0.19
12hr | 0.23 | 0.25 | 0.15 | 0.16 | 0.16 | 0.15 | 0.18 | 0.21 | 0.17 | 0.19 | 0.19 | 0.23 | 0.19
24hr | 0.26 | 0.32 | 0.19 | 0.21 | 0.19 | 0.16 | 0.21 | 0.23 | 0.17 | 0.16 | 0.23 | 0.34 | 0.22
36hr | 0.26 | 0.29 | 0.20 | 0.26 | 0.23 | 0.21 | 0.21 | 0.26 | 0.20 | 0.21 | 0.30 | 0.39 | 0.25
48hr | 0.35 | 0.39 | 0.24 | 0.27 | 0.24 | 0.21 | 0.21 | 0.37 | 0.19 | 0.26 | 0.35 | 0.38 | 0.29
60hr | 0.31 | 0.38 | 0.27 | 0.26 | 0.27 | 0.16 | 0.21 | 0.39 | 0.25 | 0.32 | 0.39 | 0.38 | 0.30
72hr | 0.35 | 0.40 | 0.28 | 0.30 | 0.35 | 0.18 | 0.25 | 0.49 | 0.36 | 0.28 | 0.37 | 0.38 | 0.33
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¥ 3563 FAAS FF R CWWS3) AAE Fo] (22187) A BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

Ohr | -0.38|-0.36 | -0.26 | -0.18 | -0.11 | -0.08 | -0.24 | -0.12 | -0.15 | -0.24 | -0.28 | -0.35 | -0.23

12hr | -0.38 | -0.36 | -0.26 | -0.17 | -0.11 | -0.09 | -0.24 | -0.13 | -0.15 | -0.24 | -0.28 | -0.35 | -0.23

24hr | -0.38 | -0.33 | -0.26 | -0.17 | -0.11 | -0.10 | -0.24 | -0.09 | -0.13 | -0.18 | -0.26 | -0.37 | -0.22

36hr | -0.42 | -0.35 | -0.32 | -0.17 | -0.10 | -0.09 | -0.27 | -0.08 | -0.14 | -0.15 | -0.27 | -0.40 | -0.23

48hr | -0.42 | -0.35 | -0.30 | -0.13 | -0.05 | -0.08 | -0.32 | -0.06 | -0.19 | -0.06 | -0.25 | -0.42 | -0.22

60hr | -0.45 | -0.33 | -0.29 | -0.09 | -0.05 | -0.11 | -0.37 | -0.02 | -0.26 | -0.05 | -0.25 | -0.38 | -0.22

72hr | -0.47|-0.28 | -0.27 | -0.05 | -0.04 | -0.08 | -0.41 | 0.02 | -0.30 | -0.04 | -0.21 | -0.35 | -0.21

¥ 3564 7A A AFRIACWW3) AHAE Fo] (22187) XX RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

Ohr | 0.45 | 0.40 | 0.32 | 0.27 | 0.21 | 0.22 | 0.31 | 0.26 | 0.28 | 0.37 | 0.32 | 0.39 | 0.32

12hr | 045 | 0.39 | 0.32 | 0.27 | 0.21 | 0.22 | 0.31 | 0.26 | 0.27 | 0.37 | 0.32 | 0.39 | 0.32

24hr | 045 | 0.37 | 0.34 | 0.27 | 0.22 | 0.24 | 0.31 | 0.33 | 0.27 | 0.33 | 0.31 | 0.43 | 0.32

36hr | 0.50 | 0.41 | 0.42 | 0.28 | 0.22 | 0.25 | 0.36 | 0.38 | 0.29 | 0.34 | 0.35 | 0.50 | 0.36

48hr | 0.50 | 0.42 | 0.41 | 0.26 | 0.30 | 0.26 | 0.41 | 0.42 | 0.37 | 0.35 | 0.35 | 0.53 | 0.38

60hr | 0.53 | 0.41 | 0.43 | 0.32 | 0.28 | 0.28 | 0.51 | 0.55 | 0.49 | 0.35 | 0.36 | 0.49 | 0.42

72hr | 0.55 | 0.37 | 042 | 0.37 | 0.34 | 0.31 | 0.55 | 0.70 | 0.64 | 0.41 | 0.34 | 0.47 | 0.46

E 3565 A A AF R CWW3) 59 Fo] (22188) A& BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

Ohr |-0.21|-0.27 | -0.15|-0.02 | -0.12 | -0.04 | -0.09 | -0.02 | 0.04 | 0.12 | -0.20 | -0.21 | -0.10

12hr | -0.20 | -0.27 | -0.15 | -0.02 | -0.11 | -0.04 | -0.09 | -0.02 | 0.04 | 0.12 | -0.21 | -0.21 | -0.10

24hr | -0.16 | -0.19 | -0.14 | 0.06 | -0.07 | -0.01 | -0.07 | 0.01 | 0.05 | 0.19 | -0.18 | -0.19 | -0.06

36hr | -0.18 | -0.18 | -0.18 | 0.06 | -0.05| 0.01 | -0.05| 0.02 | 0.07 | 0.19 | -0.17 | -0.19 | -0.05

48hr | -0.18 | -0.16 | -0.16 | 0.09 | -0.02 | 0.01 | -0.10 | 0.00 | 0.05 | 0.30 | -0.17 | -0.14 | -0.04

60hr | -0.17 | -0.16 | -0.13 | 0.14 | -0.06 | -0.01 | -0.13 | 0.02 | -0.02 | 0.29 | -0.16 | -0.08 | -0.04

72hr | -0.18 | -0.14 | -0.07 | 0.15 | -0.05| 0.03 | -0.13 | 0.04 | -0.02 | 0.29 | -0.15 | -0.07 | -0.03

E 3566 A A FF R CWW3) 59 Ho] (22188) X% RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.

Ohr | 0.32 | 035 | 0.27 | 0.17 | 0.23 | 0.19 | 0.21 | 0.24 | 0.33 | 0.31 | 0.27 | 0.29 | 0.26

12hr | 0.32 | 0.36 | 0.27 | 0.17 | 0.22 | 0.18 | 0.21 | 0.24 | 0.33 | 0.32 | 0.27 | 0.29 | 0.26

24hr | 0.28 | 0.27 | 0.28 | 0.23 | 0.21 | 0.22 | 0.21 | 0.29 | 0.34 | 0.38 | 0.27 | 0.31 | 0.27

36hr | 0.28 | 0.27 | 0.30 | 0.27 | 0.22 | 0.23 | 0.25 | 0.30 | 0.36 | 0.39 | 0.28 | 0.31 | 0.29

48hr | 0.29 | 0.25 | 0.30 | 0.29 | 0.22 | 0.22 | 0.29 | 0.40 | 0.43 | 0.54 | 0.29 | 0.31 | 0.32

60hr | 0.27 | 0.29 | 0.32 | 044 | 0.27 | 0.22 | 0.36 | 0.44 | 0.39 | 0.54 | 0.26 | 0.32 | 0.34

72hr | 0.33 | 0.35 | 0.35 | 0.44 | 0.26 | 0.26 | 0.40 | 0.51 | 0.48 | 0.52 | 0.29 | 0.32 | 0.38
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¥ 3567 7A A AF R (CWW3) 24+ Fo] (22189) XX BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr |-0.16 | -0.12 | -0.10 | -0.11 | -0.16 | 0.01 | -0.09 | -0.02 | -0.05 | 0.06 | -0.05 | -0.14 | -0.08
12hr | -0.16 | -0.13 | -0.10 | -0.11 | -0.15 | 0.01 | -0.09 | -0.02 | -0.05 | 0.06 | -0.05 | -0.14 | -0.08
24hr | -0.14 | -0.09 | -0.07 | -0.04 | -0.11 | 0.05 | -0.06 | -0.02 | -0.02 | 0.11 | -0.04 | -0.11 | -0.05
36hr | -0.15| -0.08 | -0.05 | 0.00 |-0.05| 0.08 |-0.02| 0.01 | 0.01 | 0.14 | -0.05 | -0.15 | -0.03
48hr | -0.14 | -0.12 | -0.06 | 0.00 | -0.01| 0.06 | -0.05 | 0.02 | 0.05 | 0.19 | -0.05 | -0.19 | -0.03
60hr | -0.17 | -0.11 | -0.08 | 0.02 | 0.03 | 0.07 | -0.07 | 0.03 | 0.03 | 0.20 | -0.04 | -0.13 | -0.02
72hr | -0.18 | -0.13 | -0.05 | 0.11 | 0.01 | 0.05 | -0.03 | 0.06 | 0.05 | 0.18 | -0.07 | -0.09 | -0.01

¥ 3568 7A A BF I (CWW3) 24k Fo] (22189) X RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | 0.29 | 0.25 | 0.22 | 0.34 | 0.30 | 0.25 | 0.23 | 0.22 | 0.23 | 0.35 | 0.30 | 0.26 | 0.27
12hr | 0.29 | 0.25 | 0.23 | 0.34 | 0.30 | 0.25 | 0.23 | 0.22 | 0.23 | 0.35 | 0.30 | 0.26 | 0.27
24hr | 0.29 | 0.25 | 0.21 | 0.27 | 0.29 | 0.20 | 0.24 | 0.27 | 0.28 | 0.31 | 0.29 | 0.25 | 0.26
36hr | 0.29 | 0.26 | 0.26 | 0.26 | 0.27 | 0.26 | 0.27 | 0.36 | 0.31 | 0.40 | 0.25 | 0.28 | 0.29
48hr | 0.35 | 0.28 | 0.33 | 0.24 | 0.39 | 0.26 | 0.28 | 0.33 | 0.35 | 0.46 | 0.30 | 0.33 | 0.32
60hr | 0.40 | 0.38 | 0.39 | 0.33 | 0.45 | 0.25 | 0.28 | 0.41 | 0.37 | 0.45 | 0.38 | 0.32 | 0.37
72hr | 0.44 | 0.34 | 0.28 | 0.47 | 0.40 | 0.28 | 0.31 | 0.48 | 0.45 | 0.55 | 0.34 | 0.29 | 0.39

E 3569 FA A AF R CWW3) 237 Fo] (22190) & BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr |-0.27|-0.35|-0.25| -0.18 | -0.19 | -0.09 | -0.02 | -0.17 | -0.12 | -0.21 | -0.19 | -0.30 | -0.19
12hr | -0.27 | -0.36 | -0.25 | -0.18 | -0.19 | -0.09 | -0.02 | -0.18 | -0.12 | -0.21 | -0.19 | -0.31 | -0.20
24hr | -0.25|-0.35|-0.23 | -0.14 | -0.18 | -0.07 | 0.01 | -0.16 | -0.12 | -0.20 | -0.19 | -0.31 | -0.18
36hr | -0.27 | -0.41 | -0.20 | -0.14 | -0.08 | -0.06 | 0.05 | -0.18 | -0.08 | -0.18 | -0.22 | -0.34 | -0.17
48hr | -0.27 | -0.37 | -0.22 | -0.09 | -0.03 | -0.05 | 0.01 | -0.14 | -0.06 | -0.18 | -0.20 | -0.38 | -0.16
60hr | -0.27 | -0.36 | -0.23 | -0.12 | 0.01 | -0.06 | -0.02 | -0.11 | -0.03 | -0.22 | -0.21 | -0.36 | -0.16
72hr | -0.27 | -0.36 | -0.25 | -0.12 | -0.08 | -0.05 | 0.01 | -0.09 | 0.02 | -0.20 | -0.18 | -0.29 | -0.15

E 3570 A A AF R CWW3) 237 Fo] (22190) X% RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
Ohr | 0.38 | 0.51 | 0.35 | 0.32 | 0.37 | 0.27 | 0.19 | 0.31 | 0.28 | 0.40 | 0.32 | 0.41 | 0.34
12hr | 0.38 | 0.51 | 0.35 | 0.33 | 0.37 | 0.27 | 0.19 | 0.31 | 0.28 | 0.40 | 0.31 | 0.42 | 0.34
24hr | 0.37 | 0.52 | 0.36 | 0.34 | 0.36 | 0.26 | 0.20 | 0.32 | 0.28 | 0.40 | 0.34 | 0.43 | 0.35
36hr | 0.38 | 0.57 | 0.35 | 0.31 | 0.36 | 0.27 | 0.23 | 0.30 | 0.29 | 0.47 | 0.35 | 0.45 | 0.36
48hr | 0.41 | 0.54 | 0.34 | 0.32 | 0.38 | 0.22 | 0.21 | 0.35 | 0.31 | 0.51 | 0.39 | 0.51 | 0.37
60hr | 0.42 | 0.58 | 0.41 | 0.36 | 0.43 | 0.19 | 0.23 | 0.43 | 0.44 | 0.60 | 0.44 | 0.51 | 0.42
72hr | 0.45 | 0.60 | 0.38 | 0.37 | 0.38 | 0.27 | 0.22 | 0.49 | 0.43 | 0.67 | 0.36 | 0.52 | 0.43
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CWW3/BUOY MONTHLY 24HR FCST (22101)

CWW3/BUOY MONTHLY 24HR FCST (22101)
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BUOY (22101) Significant Wave Height (+24HR)

BUOY (22101) Significant Wave Height (+24HR)

BIAS (M)

RMSE (M)

-0.2

1.0 1.0
— W3 — w3
0.8 — cww3 09 - — cww3
0.6 08
0.4 . 07
S o0z 2 06
9 0 Lj———-————_—-—-—-—_-—L—L § 05
= 0.2 04 +
= &
0.4 03 |
-0.6 02 [
0.8 0.1
-1.0 0
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months (2017) Months (2017)
BUOY (22102) Significant Wave Height (+24HR) BUOY (22102) Significant Wave Height (+24HR)
1.0 1.0
— W3 — w3
0.8 — cww3 09 - — cww3
0.6 08
0.4 - 07
S o0z 2 06t
2 e T e B
= 0.2 04
= &
-0.4 03
-0.6 02 H
0.8 0.1
-1.0 0
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months (2017) Months (2017)
BUOY (22103) Significant Wave Height (+24HR) BUOY (22103) Significant Wave Height (+24HR)
1.0 1.0
— W3 — w3
0.8 = cww3 09 — cww3
0.6 08 -
0.4 07
0.2 0.6

Months (2017)

Months (2017)

0.4
-0.6
0.8
-1.0
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months (2017) Months (2017)
BUOY (22104) Significant Wave Height (+24HR) BUOY (22104) Significant Wave Height (+24HR)
1.0 1.0
— W3 — w3
0.8 m— cww3 09 m— cww3
0.6 08
0.4 07
— =
E 0.2 g 06 F
= L
2 0 '_-_rr_r_J_H_r___-_F E 05
E 0.2 z 04
0.4 03 -
0.6 02
0.8 0.1
-1.0 0
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Aol +24H oS

o 9tare] BIAS(91%)¢t RMSE(2E%)

- 136 -




BUOY (22105) Significant Wave Height (+24HR) BUOY (22105) Significant Wave Height (+24HR)
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BUOY (21229) Significant Wave Height (+24HR)

BUOY (21229) Significant Wave Height (+24HR)
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BUOY (22187) Significant Wave Height (+24HR) BUOY (22187) Significant Wave Height (+24HR)
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353 9148 AF

353.1 HAAF gFo SA

A E

A (GWWS3) 914

E 3571 AAT AF 2D (GWW3) 4ol tidk f2l3ta BIAS

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
1¢ 0.07 | 0.09 | 0.05 | 0.12 | 0.07 | 0.16 | 0.11 | 0.14 | 0.10 | 0.10 | 0.07 | 0.12 | 0.10
3y 0.09 | 0.12 | 0.09 | 0.17 | 0.16 | 0.22 | 0.16 | 0.18 | 0.17 | 0.14 | 0.10 | 0.14 | 0.15
59 0.12 | 0.09 | 0.10 | 0.16 | 0.15 | 0.23 | 0.17 | 0.20 | 0.20 | 0.14 | 0.10 | 0.15 | 0.15
7 0.10 | 0.08 | 0.11 | 0.10 | 0.12 | 0.21 | 0.17 | 0.18 | 0.17 | 0.13 | 0.09 | 0.11 | 0.13
9y 0.10 | 0.08 | 0.06 | 0.04 | 0.12 | 0.21 | 0.22 | 0.18 | 0.14 | 0.08 | 0.10 | 0.15 | 0.12

¥ 3572 MAT FFEE (GWW3) 214 dist f2] 331 RMSE

FCST | Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Ave.
19 0.46 | 0.51 | 0.52 | 0.56 | 0.53 | 0.57 | 0.55 | 0.58 | 0.57 | 0.54 | 0.56 | 0.50 | 0.54
3y 0.57 | 0.62 | 0.53 | 0.69 | 0.69 | 0.71 | 0.68 | 0.69 | 0.68 | 0.66 | 0.63 | 0.60 | 0.65
5y 0.73 1 081 | 0.83 | 0.88 | 0.91 | 0.89 | 0.90 | 0.86 | 0.86 | 0.84 | 0.79 | 0.81 | 0.84
74 096 | 0.99 | 1.06 | 0.12 | 1.07 | 1..12 | 1.08 | 1.04 | 1.06 | 1.02 | 1.02 | 1.03 | 0.96
9y 117 | 1.17 | 1.27 | 1.22 | 1.25 | 1.28 | 1.19 | 1.19 | 1.19 | 1.19 | 1.17 | 1.18 | 1.21
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024HR FCST 024HR FCST 024HR FCST

SLOPE = 0962054

ENTIRE = 6921 SLOPE = 0853509 ¥ ENTIRE = 6207 SLOPE = 0930735 ENTIRE = 7075
MODEL MEAN = 2.560786 BIAS = 0076 MODEL MEAN = 2.66136% BIAS = 0099 MODEL MEAN = 2776570
OBS.MEAN = 2484522 RMSE = 0470 OBS.MEAN = 2562786 RMSE = 0510 OBS.MEAN = 2724989
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361 HEFA=A

3611 299 EHFINE dEAH% W FA

O AAFAREY
-2006'A ©]7-2 T213L3001 that HZAz}o]w, 20063 F-E 20093 7FA1= T426140, 20103 F-E
£ 522220103 : UM N320L50, 2011~2015'd: UM N512L70, 2016%d ©]%: UM
N768L70)° i3t 5 Aiolnt.

GDAPS(2001-2017)
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a8 361 AATFARED] HFNE mo4d% WEH2006d o] (T213L30), 2006~2009'
(T426140), 2010'd (UM N320L50), 2011~2015'3 (UM N512L70), 2016'd ©]3(UM N768L70)).
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@ Agdrnzd
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29 363 dABZmde HENZ R4S WSH2001~2005E(T106L30), 2006~2010'
(T213L40), 2011~2015'F (UM N320L70), 2016 ©] (UM N400L70)).

- 143 -



3.6.1.2.20173 | EX =2 =}

E 3.6.1 2017\ 20°N ©]&, 140°E A Zof $1X3 el 5ol st FXrrde] geAg] o4}

(9 km, () AHElS)

FCST GDAPS RDAPS EPS

Time (UM N768L70) (UM 12kmL70) (UM N400L70)
12hr 58.2 (34) 73.8 (32) 59.0 (34)
24hr 73.8 (26) 112.7 (24) 77.9 (25)
36hr 95.0 (20) 134.2 (20) 105.7 (20)
48hr 119.8 (16) 1215 (16) 127.6 (16)
60hr 1455 (13) 126.0 (13) 148.0 (13)
72hr 172.0 (11) 166.6 (11) 182.3 (11)
96hr 339.8 ) — 251.5 )
120hr 688.9 ) — 371.7 6)

2017 Direct Position Error

800
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600 | H
8 4m — E
3 =
4 =
A =N
200 - =
RN
12H 24H

36H 48H 60H 72H 96H 120H
Forecast time

19 3.64 2017'd FAEREESE HF w7 2] L xH(Direct Position Error).
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3x 36

E23 2
I o

20179 20°N ©] &, 140°E A%l 1A% &%
ZHATE, Along Track Error)e] ¥ € Z7l3Y

Bias)®] FXt#k(Median) (&H¥l: km)

of tet FA R BT

W3 HAHATB, Along Track

FCST GDAPS RDAPS EPS
T?S (UM N768L70) (UM 12kmL70) (UM N400L70)
imme
ATE ATB ATE ATB ATE ATB
12hr 39.2 0.0 50.9 95 33.1 0.6
24hr 385 -8.0 81.6 -37.6 46,5 -8.0
36hr 36.2 111 93.8 77.3 45.8 -15.1
48hr 59.8 239 74.2 -53.8 56.3 132
60hr 80.5 334 79.7 8.1 66.7 2.2
72hr 96.0 -54.6 114.7 -71.8 88.5 3.6
96hr 1343 -77.9 — 1433 -89.0
120hr 4135 -457.2 — 260.8 -143.4
2017 Along Track Error
500
F— GDAPS 77/ RDAPS EPS
400 =
g 300 B
8 § ]
g =
A 200 =N
K % -
0 a%» %_’ - (- - = =
12H 24H 36H 48H 60H 72H 96H 120H
Forecast time

9 3.65 201738 FRQEREZAE HFo|FEEQ
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3 3.63 2017 20°N ©] &, 140°E A&l A& e Fol et FA AR =D efF8 +2
WaF QAHCTE, Cross Track Error)e] B3 elF3ls) +2AW3F HAH(CTB, Cross Track
Bias)9] F7t#k(Median) (TH9]: km)
GDAPS RDAPS EPS
I;FST (UM N768L70) (UM 12kmL70) (UM N400L70)
me CTE CTB CTE CTB CTE CTB
12hr 33.7 187 452 289 429 30,0
24hr 52.2 -22.9 59.0 -12.4 63.3 -27.8
36hr 79.9 -47.1 79.2 -18.7 95.7 521
48hr 97.9 -80.0 85.1 -40.2 106.2 -81.0
60hr 113.3 -96.1 79.2 -51.9 126.2 -100.4
72hr 125.3 -94.2 83.6 -80.3 145.4 -131.4
96hr 287.7 -341.6 — 220.6 -170.3
120hr 550.8 -541.9 — 291.1 -298.1
2017 Cross Track Error
600
F—— GDAPS 7771 RDAPS EPS —
0 B
o =
§ 300 E =
2 .=
100 ] =
e Lk | E
0 - e s - s i —
12H 24H 36H 48H 60H 72H 9%H  120H

Forecast time

149 3.6.6 2017 FAEEEE H4F 22} (Cross Track Error).

- 146 -



Along Track Bias(km)
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. 0 ¢ 12H
0 . J‘\,
* 24H
-200 - el -200 -
é’ 36H
<
E
s 48H
400 & -400 -
on
g 60H
<
600 -600 7 @®72H
@®96H
-800 t t t -800 t t t
-800 -600 -400 -200 0 -800 -600 -400 -200 0 @120H
Cross Track Bias(km) Cross Track Bias(km)
2017 Track Bias (EPS)
0 ./j o=
=200
-400
-600 -
-800 t t t
-800 -600 -400 -200 0
Cross Track Bias(km)

a9 3.6.7 2017\ FA R 2AE 2o 7 & (Track Bias (Median)).
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¥ 364 2017 BANEE A4 o] et SRR e oA () km, () Al

FCST GDAPS RDAPS EPS

Time (UM N768L70) (UM 12kmL70) (UM N400L70)
12hr 65.1 (77) 91.6 (72) 60.5 (76)
24hr 78.5 (65) 122.3 (60) 77.2 (63)
36hr 86.3 (54) 148.0 (50) 96.6 (53)
48hr 106.9 (45) 163.9 (40) 117.6 (45)
60hr 137.9 (41) 192.8 (36) 142.1 (41)
72hr 166.9 (37) 261.9 (31) 177.4 (37)
96hr 271.3 (27) — 271.5 (29)
120hr 418.1 (20) — 321.3 (25)

¥ 3.65 20173 SAEHS HA FYol tfst FARmAH gl
ek HIHATB) (2] km)

FCST GDAPS RDAPS EPS
Time (UM N768L70) (UM 12kmL70) (UM N400L70)
ATE ATB ATE ATB ATE ATB
12hr 422 -6.0 60.0 -11.1 34.7 3.7
24hr 415 -10.5 80.9 -37.6 41.5 -17.5
36hr 45.6 -19.8 101.6 -77.3 50.6 -29.2
48hr 59.1 -27.4 95.7 -68.3 65.7 -39.3
60hr 86.3 -33.4 1254 -89.4 85.3 -38.9
72hr 116.2 -59.0 204.6 -143.5 1154 -54.3
96hr 171.2 -81.1 — 190.8 -130.2
120hr 292.6 -355 — 2289 -194.9

3 FA RS RFNY FAYF SAHCTE)S B

) km)
GDAPS RDAPS EPS

I;FST (UM N768L70) (UM 12kmL70) (UM N400L70)

me CTE CTB CTE CTB CTE CTB
12hr 408 138 57.2 129 413 172
24hr 58.6 252 745 03 57.6 129.0
36hr 64.9 1339 86.7 146 73.6 432
48hr 80.6 53.4 1113 208 87.9 .62.0
60hr 93.8 67.7 116.8 43,0 100.2 871
72hr 103.7 734 1288 1505 112.9 863
96hr 182.1 11300 - 164.9 1541
120hr 260.2 1374 — 190.6 159.7
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3.6.2. HEZE=LA

3621 249 HEFAE 4S5 W3 FA

F 3,67 20173 FAGEREAS] AN FE FAEAFIA, BadA, FBAA () AT
Intensity FCST GDAPS RDAPS EPS
Grade Time (UM N768L70) (UM 12kmL70) (UM N400L70)
12hr 159  (119) 100  (112) 173 (98)
24hr 167  (99) 11.7  (93) 185  (81)
36hr 182  (81) 135 (77) 193  (67)
RMSE 48hr 18.8  (67) 154  (61) 19.6  (58)
(m/s) 60hr 195  (57) 162 (52 199  (49)
72hr 199  (49) 171 (41) 197  (42)
96hr 193  (31) — 189 (32
120hr 170 (21) — 181  (26)
12hr 127 (119) 7.7 (112) 147 (98)
24hr 140 (99) 92  (93) 162 (81)
36hr -15.7  (81) 108 (77) 176 (67)
Bias 48hr 171 (67) -12.7 - (61) -18.1  (58)
(m/s) 60hr 178  (57) 134 (52) 183  (49)
72hr 182 (49) -14.8  (41) -18.0  (42)
96hr 171 (31) — 174 (32)
120hr 150 (21) — 165 (26)
12hr 0.05  (119) 069  (112) 0.08  (98)
24hr 0.09  (99) 055  (93) 0.07  (81)
36hr 0.06  (81) 041  (77) 0.06 (67)
R 48hr 016  (67) 015  (61) 010  (58)
(m/s) 60hr 005 (57) 003 (52) 013 (49
72hr 012 (49 013  (41) 005 (42)
96hr 006 (31 — 0.09 (32
120hr 0.02 (21) — 0.08  (26)
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O AA T B
- 2006A5-E] 2009714 T426140, 20109HE & F3d R 2= (20109: UM N320L50,
2011~2015d: UM N512L70, 2016 ©]$: UM N768L70)ol g A5 Aol

GDAPS(2006-2017)

ur
<

L1 12H k53 36H 60H E&58 96H
== 24H EZ7 48H 72H T 120H

4

-

8

—
<o

1
B
AT A A A A
1

ra

L%}

<o

RMSE (m/s)
||||||||||||||T||||||||||||||

”H‘-Iv““““““.!':

I
b A A

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Forecast time

2016 2017

a9 368 HATFAERELSY BHF HUFTE Rojds WH3K2006'd ] (T213L30), 2006~2009'
(T426140), 20103 (UM N320L50), 2011~20153 (UM N512L70), 2016\ ©] F(UM N768L70)).

@ AYdrrg
- 20093 7HA = 30km 37d =0 A G B e 5ol gk HSAd o, 20108 FEH = T
o X2 e (2010'd: UM 12kmL38, 2011 ©] $: UM 12kmL70)° th3t 5 2ot

RDAPS(2006-2017)
30
] [ 1 12H &3 36H 05N 60H E&5E 96H
25 ‘: == 24H 48H 72H 1 120H
2%
E ]
%J 15 —: j
10
5 -
0 = —
2014 2015 2016 2017
a% 369 Aderrdol HF HAUFSE 2oAs W3K2009d ©]H(MMS5 30km), 2010'd (UM

12kmL38), 2011 ©] (UM 12kmL70)).
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X183
\D
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A
= L
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3
N
‘q -_____-_____-______-_____-_
el €& " 8§ = g = e
=0
= (/) ISWY
0

2016 2017

2014 205

1 5}(2001~2005'3 (T106L30), 2006~2010'd

(T213140), 2011~2015'd (UM N320L70), 2016'd ©] 3-(UM N400L70)).

2012 2013

Forecast time
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3622 7= 539 E »d HIAE 4SS A A

O AAFo R
- 2006 A5-E 2009d71A]= T426140, 20109 F-E= 5ol R =29 (2010d: UM N320L50,
2011~2015d: UM N512L70, 2016 ©]$: UM N768L70)ol g A5 Aol

GDAPS(2006-2017)_TS

40
] [J 12H KX 36H 60H B288 96H

] =3 24H 48H 72H [ 120H
30 —

RMSE (m/s)
s
|

%m%%%mmmmm%m

2006 2009 2()10 2011 2012 2013 2014 2015 2016 2017
Forecast time

GDAPS(2006-2017)_STS

40
] [ 12H KX 36H 60H E&58 96H

i =3 24H 48H 72H O 120H
30

20 —

RMSE (m/s)

2011 2012 2015 2016 2017
Forecast time

GDAPS(2006-2017)_TY

40
] [ 12H XXX 36H 60H B&58 96H

i =3 24H 48H 72H T 120H
30 —
] T

RMSE (m/s)
S
|

0 is 6 |0 o H i NS | | N !
T T T I I I I 1 T T T
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Forecast time

% 3,611 AAFARED ] B F AEE H TS5 2o4ds H3H2006~2009' (T426140), 2010
W(UM N320L50), 2011~2015'3 (UM N512L70), 2016'3 ©]3(UM N768L70)).
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@ AYGdrrd
- 20093 7FA = 30km 3|4 =2] AR rd 7o 3k A=A o)y, 20109 - EH+= 55

o ® w2 e (2010'd: UM 12kmL38, 2011 ©] $: UM 12kmL70)°l th3t 5 2 Folth

RDAPS(2006-2017)_TS

40
1 1 12H XX 36H 60H B&88 96H
i =3 24H 48H 72H 1 120H
30 H
- |
£
m 20 -
7] |
= i
~ i
- @ @1
0 T T T T T f f f T T B
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Forecast time
RDAPS(2006-2017)_STS
40
1 1 12H XX 36H 60H B&58 96H
i =3 24H 48H 72H [ 120H
30 H
- |
£
m 20 -
7] i
= i
&~ i
10 —_
0@@%%%%%%%%
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Forecast time
RDAPS(2006-2017)_TY
40
1 1 12H KX 36H 60H B&&58 96H
] =7 24H 48H 72H 0 120H
30 —
g ]
w 20 —
% 4
- {% I_%

2006 2007 2008 2011 2012 2013 2014 2015 2016 2017

Forecast time
19 3.612 AR rdo] gl E AEE HolgE 2ojAs WHEH2009d ©] % (MMS5 30km), 2010
W(UM 12kmL38), 2011'd ©] &(UM 12kmL70)).
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EPS(2006-2017)_TS

40
1 1 12H KXX3 36H 60H &858 96H
] == 24H 48H 72H 1 120H
30 -
= ]
£
M 20 -
w 4
= |
o~ i
0 T T f f f T T | E—
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Forecast time
EPS(2006-2017)_STS
40
1 1 12H KX 36H 60H &858 96H
] E=3 24H 48H 72H [ 120H
30 -
T
m 20 -
% 4
i A
10 — B
1 i H
1 s 5
N =
0 T T T T

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Forecast time

EPS(2006-2017)_TY

40
1 12H KX 36H 60H B&88 96H
== 24H 48H 72H 1 120H

30

K W A
al

S}
!
)

s

e

RMSE (m/s)
8
v b by

0 e

3 b X } ]

T [ I I I I I

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Forecast time

a9 3613 dFEASELY BT A= HJUFE 24T W3H2006~2010'3(T213L40),
2011~2015'7 (UM N320L70), 2016 ©] 3(UM N400L70)).

- 154 -



3.6.2.3.20179 HIF A= 57 & HIFT A=}

# 3.6.8 2017d FAGR R BF F=E HAUTE BAAFILA (G0 m/s, () Al

Intensity FCST GDAPS RDAPS EPS
Grade Time (UM N768L70) (UM 12kmL70) (UM N400L70)
12hr 51 (31) 42 (25) 51 (30)
24hr 58  (17) 36 (14) 52 (16)
36hr 48 (9 34 (9) 48 (8
TS 48hr 46 (3) 24 (3) 36 ()
(17~24m/s) |  60hr 26  (3) 43 (3) 35 (3
72hr 57 () 69 () 40 @
96hr 46 (1) — 54 (1)
120hr 51 (1) — 45 (1)
12hr 1.6 (51) 78 (52) 119 (52
24hr 11.8  (48) 78  (45) 121 (@47)
36hr 121 (38) 80  (35) 123 (39)
STS 48hr 129 (32 81  (27) 134 (32)
(25~32m/s) |  60hr 134 (26) 76  (22) 140  (26)
72hr 139 (24) 92  (18) 137 (24)
96hr 134 (19) — 133 (19)
120hr 119  (17) — 124 (17)
12hr 247 (37) 145  (36) 249  (37)
24hr 245  (34) 168  (35) 251 (35)
36hr 249  (34) 188  (33) 252 (34)
TY 48hr 240  (32) 202 (31) 245  (32)
(33 ~ m/s) 60hr 243 (29) 213 (27) 244 (29
72hr 253 (23) 217 (22) 255 (3
96hr 251 (14) — 260  (15)
120hr 254 (10) — 253 (11)
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RMSE (m/s)

RMSE (m/s)

RMSE (m/s)

35
30
25
20 4
15 4

10

35
sof
25
20 4
15 4

10

35

25
20
15

10

2017 Root Mean Square Error_TS

== GDPAS RDAPS EPS

[

T : T -
72H 96H

| - |
12H 24H 36H

48H 60H

Forecast time

2017 Root Mean Square Error_STS

== GDPAS RDAPS EPS

12H 24H 36H 48H 60H 72H 96H 120H
Forecast time

2017 Root Mean Square Error_TY

30

= GDPAS RDAPS EPS

I/ -
12H 24H 36H 48H 60H
Forecast time

R
N
=)

96H 120H

P

% 3614 20179 FAG R HEF A= HOF
[e)

HyAET

Z}(Root Mean Square Error).
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3.7 BALd]

3.7.1 20173

¥ H7t 713k
- 3= UE
- q= 7+

2N 29

FARE A

~
N
N

N

N,

2

b

%

> o
x|

®
I

LT
o 1B o

ogt
>
>

=32 M7 712 AR A FA B2 ojn
% 12A7H5E 48213t Afole] o2 ATl A $2ltet o
ST} 200/ w0 ol A B4 %

¥ 371 20173 ARG o =E

o A3 % (Accurac | AEZFYAASC =2 A3
T y) S) £8(POD) 7 3-8(FAR)
2015 0.83 0.29 0.83 0.70
2016 0.85 0.26 1.00 0.74
2017 0.83 0.24 0.95 0.75
% HEz x4

— M&E (Accuracy) =H +C) / n (n=H+M+F+C) = 24 ~

— M ZUAH K| 4 (Critical Success Index) =H / (HHM4F) e Yes H M

— £HX| 28 (Probability of Detection) =H / (H4M) | No F c

— 3 A28 False-Alarm Rate) =F / (H4F)
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58 A FAGZA2E 2% 99 2 B2AE

A5 0 AZ 94 A= A= H] 37
R 20° N - 90° N 0° - 360°
R RE by Edley 20° S - 90° N 0° - 360°
Zh= 20° S - 20° N 0° - 360°
ofAl ok 25° N - 65° N | 60° E - 145° E
ZSh=) 20° N - 20° N 0° - 360°
w3545 ] 25° N - 60° N |50° W - 145° W
ey /Bol=E7} | 25° N - 70° N | 10° W - 28° E
IF/FEAE 10°S -55°S | 90° E - 180° E
s 767) ASOS = 200913 7B W73
A2 AAFSA 2 AF A AF
ol & &4 20019 1€ ~ 20059 11€
s W = 2y 2005 129 ~ 2006 4€
ojE E4 2006 59 ~ #A|
T213L30 (~60km) 2001 1€ ~ 20059 11€
T426140 (~40km) 2005 12 ~ 2010 5¢ 14¥
I N320L50(vn,6.6) (~40km) 2010 5€ 15¢ ~ 2011'd 5€ 22¢
e N512L70(vn.7.7) (~25km) 20113 59 23 ~ 2012\d 5¢
N512L70(vn.7.9) (~25km) 2012 69 ~ 201613 69 28%
N768L70(vn8.5) (~17km) 20163 69 29 ~ &A)
1.125° x 1.125° , bi-linear 2001 1€ ~ 2005 11€
AT A% 0.5625° x 0.5625° , bi-linear | 2005'd 12€ ~ 2006\ 7€
B3] = ol
:’Z";; 2.5° x 2.5° , bi-linear 2006 8¢ ~ 2014\d12¥
1.5° x 1.5° , area weight 20159 1€ ~ #A
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s 9 Hs 949 H] 3
=4 2" A 99 (Ed9)

#5HT 2" AT 99 (k59 9)

drds FkE 7670 ASOS A3 200958 WA

A4 ARF-AQASAN 29 ZHF AH(ASOS 7670 AH)

76 stations

35N —
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A5 GBEASNEE AT ¥WE AZ

o]E HA 20019 1€ ~ 20059 11€¥
= Lo BA 20053 12€ ~ 20063 49
ol olz B 2006 52 ~ 2010 112
| 4 2011 3€ ~ #A
20°N-70°N 2001 49 ~ 2003 12€
20°N-90°N 2004 19 ~ 2010d 11€
20°N-90°N 20119 3¢ ~ @A)
20092 © YFEASA2EHHEA BA Fa | 20081 7€ o] %
9 NCEP A& HALF# 2007'd 12¢ 71A
o NCEP 40 A &4 Ha 2 )
== ) 2008 1Y ~ &)
FEAA A5 (1959~1998) &4
sl 719k, RPS15), RPSS16), CRPS!?), _
2008 1€ ~ A
CRPSS18) 7}
N320L50 M24 UAFE-o A ~H 2011d 3€
N320L70 M24 GAFEo = A ~H
W 59 ~ 9 59
(vn7.6(ps26-UK, ps01-KMA)) 20118 5% ~ 2012 5%€
N320L70 M24 GAFE-o A ~H)
(vn7.9(ps28-UK, ps02-KMA)) 20129 69 ~ 2016 6Y¥28Y
- A’/ (SST perturbation) F7}
N400L70 M49 9B o= A ~H) 2016'd 69 299 ~ 2017
(vn8.5(ps34-UK, ps03-KMA)) 10€ 30¥
N400L70 M49 47dEdSA|2H)
(anO 2(ps37 -UK, ps03-KMA)) 2017'd 10€ 31¥ ~ #A)
- BEYFE, AT A% 571

15) RPS: Ranked Probability Score

16) RPSS: Ranked Probability Skill Score

17) CRPS: Continuous Ranked Probability Score

18) CRPSS: Continuous Ranked Probability Skill Score
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Ab YBEASANZE HFE FEQAS WA AF

an 7153 WmA A 7153 WA F
(20073 12¢¥ o] %) (20099 1€ °]¥)
500hPa 1% + 1sd, £ 1.5sd, £ 2.0sd + 1sd, £ 1.5sd, * 2.0sd
850hPa 7]-& +2C, +4C, £8T + 1sd, £ 1.5sd, * 2.0sd
850hPa #45 * 10m/s, £ 15m/s, + 25m/s + 1sd, £ 1.5sd, £ 2.0sd
A4 10m F< +10m/s, + 15m/s, + 25m/s + 1sd, + 1.5sd, + 2.0sd
&) 7] gt - + 1sd, £ 1.5sd, * 2.0sd

A7 AAT AFEI(GWW3) A5 AH8R Fo| ID HE s} 93
A2 9 g2 AAELS AR Fo] = A8 D YJAAEE o= Hs Hd=o) A}
A "ok 2dHES 00, 24, 48, 72, 96, 120 Al 2 o= AFE T Ao &
Az ol vt on 1Y 23] HEE vl AZE € G2 Folr HWABIAS, =
- #3) 2 HY AFZ A Hif(root mean square error, RMSE), G#A| 4

(Correlation), 4+ % (Scatter Index, SI)E Al4FsFS T

w2 N ofo

A

HZA5+= JCOMM (Joint Committee of Oceanography and Marine Meteorology) =
S 2 ECMWFolA FX&t= A AA sgded 29 71de i vla H45 Z=24E
of AgHE DA ATl L Jasondol A BHH frelna Aotk FLE, 94

-

Az AL 20173 5E Jason-294] Jason-3C. 2 WHAHJT. HAZS HEE Folutae}
Aggolm AATF AFHEol A5 AS F 38172 AH tEiA HFo] o]Fo
o A W FA AR 37 AFAI B AN & T 16719 ATl #S

A5 E o83t

o AATF gFrI (GWW3) AFel AHgH Hols2 ID M3t 93

13130 28.183 -15.817
13131 28.000 -16.583
21178 33.190 133.620
22101 37.230 126.020
22102 34.800 125.770
22103 34.000 127.500

0 Gran Canaria (Spain)

0 Tenerife (Spain)

1 Japan, Tosa Bay

1 Deok-Jeok-Do , Yellow Sea, South Korea
1 Chil-Bal-Do Yellow Sea, South Korea

1 Geo—Mun-Do, Korean Strait, South Korea
22104 34.770 128.900 1 Geo-Jae-Do, Korean Strait, South Korea
22105 37.530 130.000 1 Dong-Hae, Eastern Sea, South Korea
22106 36.350 129.780 0 Fohang, Eastern Sea, South Korea

22107 33.000 126.330 0 Jeju, Korean Strait, South Korea

22108 36.250 125.750 0 Oeyeondo, Yellow Sea South Korea

23020 22.200 38.501 1 Red Sea (KAUST buoy)
23092 16.960 71.120 O Arabian Sea
23097 15.470 69.240 0 Arabian Sea
23098 10.650 72.510 O Arabian Sea
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23099
23100
23101
23167
23168
23169
23170
23171
23172
23174
23451
23455
23456
23491
23492
23493
23494
23495
31260
31261
32012
32487
32488
3ERR2
3FYT

41001
41002
41004
41008
41009
41010
41012
41013
41025
41035
41036
41040
41041
41043
41044
41046
41047
41048
41049
41053
41100
41101
41141
41193
42001
42002
42003
42012
42019
42020
42035
42036
42039
42040
42055
42056
42057

12.140
18.350
13.970
12.600
15.000
18.130
8.330
12.000
12.500
11.570
10.520
10.970
9.990
5.160
13.890
11.120
6.460
7.130
-28.490
-31.540
-19.620
3.517
6.258
63.200
71.600
34.700
32.380
32.500
31.400
28.500
28.950
30.400
33.440
35.010
34.480
34.210
14.500
14.530
20.990
21.652
23.840
27.470
31.978
27.500
18.476
15.900
14.600
17.684
12.351
25.860
25.790
26.030
30.065
27.910
26.950
29.250
28.510
28.800
29.212
22.020
19.870
16.830

90.
87.
83.
85.
87.
90.
72.
69.
72.

81
91

21

=71

-81

740
560
270
000
500
140
660
000
001

.530
.660
89.
86.
70.
68.
66.
75.
68.
—47 .
-49.
-85.
-77.
-77.

5.
.100
-72.
-75.
-79.
-80.
-80.
-78.
-80.
-77.
-75.
-77.
-76.
-53.
-46.
—65.
-58.
-70.
.490
-69.
-63.
—66.
-57.
-56.
—64.
-72.
-89.
-93.
-85.
-87.
-95.
-96.
-94.
-84.
-86.
-88.
-94.
-85.
.500

040
980
100
080
980
000
970
530
860
380
737
511
200

700
420
100
870
180
470
550
740
400
280
950
020
000
010
695
860

640
000
099
900
200
635
218
670
670
890
555
360
700
410
510
060
207
050
060

RN G Y O Y A G W WG N G A W Y O Y U W O G W U I Y (I (I W g S U U (g Y o T e o o lo o leo oo oo leo oo oo o o)

Bay of Bengal

Bay of Bengal

Bay of Bengal

Bay of Bengal

Bay of Bengal

Bay of Bengal

Arabian Sea

Arabian Sea

Arabian Sea

Bay of Bengal

Bay of Bengal

Bay of Bengal

Bay of Bengal

Arabian Sea

Arabian Sea

Arabian Sea

Arabian Sea

Arabian Sea

PNBOIA-INPE (Brazil)

PNBOIA-INPE (Brazil)

Peru-Chile (WHOI stratus wave buoy)
Buenaventura, Pacific Coast, Columbia (DIMAR buoy)
Bahia Solano, Pacific Coast, Columbia (DIMAR buoy)
Norwegian Sea

N Norwegian Sea (Snohvit, StatoilHydro)
US East Coast, E Hatteras

US South-East Coast, S Hatteras

US South-East Coast, Edisto

US South-East Coast, Grays reef

US East Florida , Cape Canaveral

US East Florida , Cape Canaveral East
US East Florida , St Augustine

US South-East Coast , Frying Pan Shoals
US East Coast, Diamond Shoals (Red Buoy)
US East Coast, Onslow Bay onshore

US East Coast, Onslow Bay offshore
Tropical Atlantic, West Atlantic
Tropical Atlantic, Middle Atlantic
South Western Atlantic

South Western Atlantic

E Bahamas

NE Bahamas

W Bermuda

South Western Atlantic

San Juan, Puerto Rico (Car|Coos)

French West Indies (Antilles 1)

French West Indies (Antilles 2)
Fareham, St Croix, Virgin Island (scripps 432)
Puerto Bolivar, Gulf of Mexico, Columbia (DIMAR buoy)
Mid Gulf of Mexico

Western Gulf of Mexico

East Gulf of Mexico

Gulf of Mexico, Orange Beach (AL)

Gulf of Mexico Lanelle

Gulf of Mexico Corpus Christi

Gulf of Mexico Galveston

Gulf of Mexico W Tampa

Gulf of Mexico Pensacola S

Gulf of Mexico Mobile S

Bay of Campeche

Yucatan Basin

Western Car ibbean
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42058
42059
42060
42099
42360
42369
42376
42392
42887
44004
44005
44008
44009
44011
44014
44017
44018
44024
44025
44027
44030
44032
44034
44037
44038
44056
44066
44097
44098
44099
44100
44137
44138
44139
44140
44141
44150
44235
44251
44255
46001
46002
46004
46005
46006
46011
46012
46013
46014
46015
46022
46026
46027
46028
46029
46030
46035
46036
46041
46042
46047
46050

.980
.010
.500
.340
.700
.189
.108
.196
191
.500
.190
.500
.460
.110
.610
.700
.260
.310
.250
.270
.183
.715
110
.484
.633
.200
.5683
.981
.801
.910
.260
.270
.260
.250
. 750
.000
.500
.263
.440
.280
.300
.580
.930
.050
.840
.868
.360
.240
.220
. 750
. 763
.760
.850
.740
.120
.420
.050
.350
.340
. 750
.430
.610

-74.
-67.
-63.
-84.
-90.
-90.
-87.
-90.
-88.
-70.
-69.
-69.
-74.
—66.
-74.
-72.
-69.
-65.
-73.
—67.
-70.
-69.
—68.
—67.
—66.
-75.
-72.

-71

-70.
-75.
-75.
-62.
-53.
-57.
.750

-51

-58.
-64.
-57.
-53.
-57.
-148.
-130.
-136.
.020
-137.
-120.
-122.
-123.
-123.
-124.
-124.
-122.
-124.
.890
-124.
-124.
177 .
-133.
-124.
-122.
-119.
-124.

-131

-121

990
500
500
245
460
269
944
027
496
470
160
250
700
580
840
000
300
930
170
310
418
358
110
883
550
720
601

A7

169
780
590
000
620
080

000
010
341
390
350
170
360
100

490
857
880
300
970
850
577
840
381

510
530
590
940
750
420
530
500

RN G O Y A G W G U T Y G W G G W Y WA G W G G W W G i Y > > 1 > Y i G G W |

Central Car ibbean
Eastern Car ibbean
Eastern Caribbean
Gulf Mexico, St Peterburg (scripps 144)
Gulf Mexico, BW Pioneer buoy

Gulf Mexico, Mad Dog platform (BP)

Gulf Mexico, Marlin platform (BP)

Gulf Mexico, Atlantis platform (BP)
Gulf Mexico, ThunderHorse platform (BP)
Nor th East Coast, Hotel

Nor th East Coast, Gulf of Maine

Nor th-East Coast, Nantucket

Nor th-East Coast, Delaware bay

Nor th-East Coast, Georges Bank

East Coast, Virginia Beach

US
UsS
UsS
US
US
UsS
UsS
US
US
UsS
UsS
US
UsS
UsS
UsS
US
US
UsS
UsS
US
US
UsS

Nor th-
Nor th-

Nor th
Nor th
Nor th
Nor th
Nor th
Nor th
Nor th
Nor th
South
Nor th
Nor th
Nor th
South
South

East Coast,
East Coast,
East Coast,
East Coast,
East Coast,
East Coast,
East Coast,
East Coast,
East Coast,
East Coast,
East Coast,
East Coast,
East Coast,
East Coast,
East Coast,
East Coast,

Momauk Point

SE Cape Cod

Nor theast Channel

Long Island

Jonespor t

GMOOS B0102 Western Maine Shel f
GMOOS E0104 Central Maine Shelf
GMOOS 10103 Eastern Maine Shel f
GMOOS M0102 Jordan Basin

GMOOS L0102 Scotian Shelf

Duck FRF

Texas #4

Block Island Rl (scripps 154)
Jeffrey's Ledge, NH(scripps 160)
Cape Henry (scripps 147)

Duck FRF (scripps 430)

Nova Scotia, East Scotia slope

Newfoundland, SW Grand Bank

Newfoundland, Banquerau

Newfoundland, Tail Of The Bank

Nova Scotia, Laurentian Fan

Nova Scotia, La Have Bank

Newfoundland, South Ramea Island (scripps 170)
Newfoundland, Nickerson Bank

Newfoundland, NE Bugeo Bank

Gulf of Alaska

US West Coast,Oregon

Canada West Coast, Middle Nomad

US North-West Coast, W Astoria

US West Coast, SW Astoria

US South-West Coast, Santa Maria

US South-West Coast, Half Moon Bay
US South-West Coast, Bodega

US South-West Coast, Point Arena

US West Coast, Port Orford

US West Coast, Eel River

US West Coast, San Francisco

US West Coast, St Georges

US South-West Coast, Cape St Martin
US West Coast, Columbia River Bar
US West Coast, Blunt Reef

Bering Sea
Canada West Coast, South Nomad

US Nor th-West Coast, Cape Elisabeth
US South-West Coast, Monterey

US South-West Coast, Tanner Banks
US West Coast, Yaquina Bay
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46054
46059
46061
46062
46063
46066
46069
46070
46071
46072
46073
46075
46076
46078
46080
46082
46083
46084
46085
46086
46089
46132
46147
46184
46185
46204
46205
46206
46207
46208
46211
46212
46213
46214
46218
46219
46227
46229
46232
46238
46239
46244
46246
48400
51000
51001
51002
51003
51004
51028
51100
51101
51200
51202
52121
52200
52201
55014
55017
55018
55019
55020

34.
37.
60.
35.
34.
52.
33.
55.
.100
.630

51
51

54.
53.
59.
56.
58.
59.
58.
56.
55.
32.
45.
49.
.830

51

53.
52.
.370

51

54.
48.
50.
52.
46.
40.
40.
37.
34.
33.
32.
43.
32.
33.
36.
40.
49.
50.
23.
23.
17.
19.
17.
.000
23.
24.

21
21

-31

-37.

274
980
220
100
280
700
650
000

991
930
500
074
000
690
250
590
860
500
880
740

910
420

160
840
870
520
860
750
290
950
450
220
630
400
425
400
338
890
985
000
464
430
150
160
520

558
321

.196
.420
-12.

13.
.092
-35.
-28.
-30.
.830

680
540

710
690
350

290

-120.
-129.
-146.
-121
-120.
-155.
-120.

175.

179.
-172.
-172.
-160.
-148.
-152.
-150.
-143.
-138.
-136.
-142.
-118.
-125.
-127.
-131
-138.
-129.
-128.
-134.
-126.
-129.
-132.
-124.
-124.
-124.
-123.
-120.
-119.
-117.
-124.

459
950
830

.010

670
000
200
280
100
160
011
810
000
572
000
420
000
160
560
000
770
930

.220

850
810
750
280
000
920
680
240
310
740
470
770
880
440
650

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

-117.330 1
-119.470 1 US South West Coast, San Nicolas Island North (scripps 167)

-122.
-124.
-145.
-145.
-154.
-162.
-157.
-160.
-152.
-153.
-1563.
-162.
-158.
-157.
141
144.
171
150.
153.
153.
152.
150.

101
360
089
000
000
210
790
740
380
910
900
058
303
600

.750

790

.395

340
730
270
860
180

R GG Gl G G G G G G G T G G W G W G

US South-West Coast, Santa Barbara

US West Coast, California

Gulf of Alaska, S.P.WM. Sound

US West Coast, Pt San Luis

US West Coast, Pt Conception

Gulf of Alaska, S Aleutians

US West Coast, South Santa Rosa Island

Southwest Bering Sea

North Pacific, Western Aleutians

North Pacific, Central Aleutians

Southeast Bering Sea

Nor th Pacific, Shumagin Islands

Gulf of Alaska, Cape Cleare

Gulf of Alaska, Albatross Banks

Gulf of Alaska, Kennedy Entrance

Gulf of Alaska, Cape Suckling

Gulf of Alaska, Fairweather Grounds

Gulf of Alaska, Cape Edgecumbe

Central Gulf of Alaska

US South-West Coast, San Clemente Basin

US West Coast, Tillamook, OR

Canada West Coast, South Brooks

Canada West Coast, South Moresby

Canada West Coast, North Nomad

Canada West Coast, South Hecate Strait

Canada West Coast, West Sea Otter

Canada West Coast, W. Dixon Entrance

Canada West Coast, La Perouse Bank

Canada West Coast, East Del lwood

Canada West Coast, West Moresby

US North-West Coast, Gays Harbor (scripps 036)

US West Coast, Humboldt Bay South Spit (scripps 128)
US South-West Coast, Cape Mendocino (scripps 094)
US South-West Coast, Point Reyes (scripps 029)

US South-West Coast, Harvest (scripps 071)

US South-West Coast, San Nicolas Island (scripps 067)
US South-West Coast, Point Loma (scripps 091)

US West Coast, Coos Bay (scripps 126)

US South West Coast, Coranado Islands MX (scripps 133)

US South West Coast, Point Sur (scripps 157)
US West Coast, Humboldt Bay North Spit (scripps 168)
US West Coast, Ocean Station PAPA (scripps 166)
US West Coast, Ocean Climate Station PAPA
Nor thern Hawai i

Hawaii North West

Hawaii South West

Hawaii West

Hawaii South East

Christmas Island DWA

Nor thern Hawai i

North West Hawai i

Hawaii Barbers Point (scripps 164)

Hawaii Mokapu Point (scripps 098)

Weipa

Guam Ipan (scripps 131)

Kalo,Majuro, Marshall Islands (scripps 163)
Bateman's Bay

Byron Bay

Coffs Harbour

Crowdy Head

Eden
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55022
55024
55026
55028
55029
55031
55032
55033
55034
55035
55036
55037
55039
55040
56002
56004
56005
56006
56007
56008
56010
56011
56012
61001
61002
61004
61005
61196
61197
61198
61199
61208
61209
61211
61212
61213
61214
61215
61216
61217
61218
61280
61281
61417
61430
61X00
61X03
61X05
61X07
61X08
61X09
62001
62023
62024
62025
62026
62029
62042
62044
62045
62046
62047

.480
770
.080
.730
.160
.040
.270
.310
.250
.490
.960
.180
.600
.070
.590
.290
.110
.360
.410
.980
.000
.200
.700
.400
.100
.930
.060
917
.700
.500
.233
.520
.260
.450
.620
.5650
.870
.970
.240
.410
.830
772
517
.650
.550
.100
.000
.500
.800
.800
.000
.200
.400
.733
. 750
.300
.700
.057
.71
.188
.966
.062

151
151

145.
145.
147.
149.
149.
.070

151

153.
153.
153.
153.
148.
136.
116.
114.
115.
114.
114.
115.
.900
17.
114.
.800
.700
.210
.280
.650
A7
.333
.033
.530
.330
.920
.890
.110
.950
.380
.550
.540
.720
473
.208
L3117
.100
.500
.700
.500
.900
.600
.600
.000
.900
.033
.000
.100
.400
A1
.580
.504
.332
.056

121

~ArLOOO M

.030
.420

010
710
060
550
310

200
630
440
580
190
620
140
910
400
780
940
690

720
100
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Port Kembla

Sydney

Strahan

Cairns

Townsville

Mackay

Hay Point

Emu Park

Moreton Bay

Br isbane

Gold Coast

Tweed Heads

Kingfish B

Cape Du Couedic

Nor th Rankin

Jurien

Rottnest Island

Cape Naturaliste

Thevenard

Cottesloe

Esperance

Albany

Exmouth

Ligurian Sea (Cote d'Azure)
Gulf of Lion

CANHIS Porquerol les

CANHIS Cap Corse

Begur (Spain)

Mahon (Spain)

Cabo Gata (Spain)

Alboran (Spain)

Mazara (ltaly)

Palermo (ltaly)

Cetraro (ltaly)

Siniscola (Italy)

Alghero (ltaly)

Ponza (Italy)

Monopoli (ltaly)

Civitavecchia (ltaly)

Ortona (ltaly)

Ancona (ltaly)

Tarragona (Spain)

Valencia (Spain)

Cabo de Palos (Spain)
Dragonera (Spain)

Skyros, North Aegean Sea (HCMR)
Athos, North Aegean Sea (HCMR)
Mykonos, Central Aegean Sea (HCMR)
E1M3A, North Crete (HCMR)
Pytos, lonian Sea (HCMR)
Zakynthos, lonian Sea (HCMR)
Gulf of Biscay, Gascogne
South Ireland, Marathon rig
Bilbao (Spain)

Cabo de Penas (Spain)

Nor th Sea (K17)

UK Celtic Sea shelf break (K1)
North Sea, Blakeney, CEFAS
English Channel, South Knock CEFAS
North Sea, Firth of Forth, CEFAS
North Sea, Moray Firth, CEFAS
UK East Atlantic, Blackstones, CEFAS
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62048
62052
62060
62064
62067
62069
62081
62082
62083
62084
62085
62090
62091
62092
62093
62094
62095
62103
62105
62106
62107
62108
62109
62111
62112
62116
62117
62118
62119
62125
62126
62128
62132
62133
62135
62142
62143
62144
62145
62146
62152
62162
62163
62164
62165
62170
62287
62288
62289
62293
62301
62303
62304
62305
62442
62X20
63055
63056
63057
63103
63108
63110

.292
.500
.650
.650
.830
.290
.000
.067
.483
17
.483
.100
.500
.200
.000
.700
.060
.900
.400
.000
.100
.500
.000
.100
.700
.700
.900
.700
.000
.800
.900
.700
.400
.100
.000
.000
.700
.400
.100
.100
.000
.400
.500
.200
.000
.400
.634
. 745
.531
.920
.400
.500
.150
.400
.000
.000
.600
.500
.200
.200
.800
.500

S OWN—=O0O—-=NN—==NW-N—-WWNOO —=+—=200

914
.800
.130
.450
.290
.970
.300
.617
217
.400
.967
.200
.400
.400
.000
.700
.920
.900
.600
.900
.100
.400
.000
.400
.300
.400
.000
.900
.000
.500
.600
.400
.000
.000
.800
.100
.800
.700
.800
.100
.800
.500
.400
.800
.100
.000
.362
. 753
.063
.750
.700
.100
.800
.000
.400
.433
.700
.600
.500
.100
.700
.500
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UK East Atlantic, West of Hebrides, CEFAS
CETMEF Quessant (Brest)

CANHIS Antifer

SHOM Cap Ferret

CANHIS Ile d'Yeu Nord

CANHIS Les Pierres Noires

UK East Atlantic (K2)

Estaca de Bares (Spain)

Villano-Sisargas (Spain)

Silleiro Spain)

Cadiz (Spain)

West Ireland (M1), Aran Islands

Irish Sea (M2), Lambay

South West Ireland (M3), Mizen Head
Nor th West Ireland (M4), Donegal Bay
South Ireland (M5), South East

West Ireland (M6), West Coast

Channel |ight vessel

UK East Atlantic (K4)

UK North-East Atlantic (RARH)

Isle of Scilly (7 stones)

UK East Atlantic (K3)

Nor th Sea (K16)

Nor th Sea (Ivanhoe, shell UK)

Nor th Sea (Brae A, Marathon UK)

North Sea (Nelson A, Shell UK)

Nor th Sea (Buchan A, Talisman)

Nor th Sea (Forties, BP UK)

Nor th Sea (Shearwater, Shell UK)
Liverpool Bay, Douglas Complex AP1
Liverpool Bay, Douglas Complex

Nor th Sea (Brae West, Marathon UK )

North Sea (Auk Alpha, Shell UK)

Nor th Sea (Gannet, Shell UK)

Liverpool Bay, Douglas Complex

Nor th Sea (Leman AD1, Shell UK)

Nor th Sea (Everest, BP UK)

North Sea (Clipper PT, Shell UK)

Nor th Sea (Sean PaPa, Shel!| UK)

Nor th Sea (Lomond, BP-Amoco)

North Sea (Elgin, TotalFinaElf)

North Sea (Kittiwake, Shell UK)

UK Celtic Sea shelf break (Brittany)
Nor th Sea (Anasuria, Shell UK)

Nor th Sea (Ravenspurn South, BP-Amoco)
Channel (F3 light vessel)

[rish Sea, Liverpool Bay, CEFAS

English Channel, Hastings, CEFAS

North Sea, Dowsing, CEFAS

North Sea, Tyne and Tees, CEFAS

Irish Sea (Cardigan Bay)

Bristol Channel (Pembroke buoy)

Channel (Sandettie |ight vessel)

Channel (Greenwich |ight vessel)

UK East Atlantic (Porcupine Abyssal Plain)
[rish Sea, Barrow, CEFAS

Nor th Sea shelf break (Dunbar, TotalFinaElf)
Nor th Sea shelf break (Beryl B, Exxon-Mobil)
Nor th Sea shelf break (Harding, BP-Amoco)
S Norwegian Sea (North Cormorant, Shell UK)
S Norwegian Sea (North Alwyn, Total UK)
North Sea shelf break (Beryl A, Exxon-Mobil)
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63111 59.
.100
.000
.600

63112 61
63113 61
63115 61

64045 59.
64046 60.
64071 68.
66021 54.
66022 54.
66024 54.
BSHO1 55.
BSHO2 54.
BSHO3 54.
BSHO4 54.
BSHO5 54.
BSH54 54.
BSH71 54.
CNCAL 32.
FARO  36.
FCHAL 32.
KCH10 33.
KCH13 32.
LDWR  66.
.3156

LEIXS 41

LF3F  64.
.200

LF3J 61

LF3N  65.
LF4B  60.
LF4C  58.
LF4H 59.
LF5T  66.
LF5U  56.
LFB1  73.
LFB2 74.
.580
AUK 56.
K13 53.
.990
.402
NZBan -43.
PRDVA 38.
PTDGD 37.
FLRES 39.
GRCSA 39.
STMRA  36.
SINES 37.
TFBLK 65.
TFDRN 65.
TFGRS 66.
TFGRV 63.
TFGSK 64.
TFHFN 64.
TFKGR 65.
TFSRT 63.
TFSTD 66.
ZSWAV -35.

LFB3 71

EURO 51
NZBHd -41

500

100
600
480
880
100
700
000
160
000
000
920
880
700
700
906
600
030
380
000

300

300
600
400
600
000
500
550
000

390
200

760
900
700
360
090
920
923
600
766
500
822
100
000
658
170
500
000

134.
132.

w = !
OOHWON —=WNN NN

28.

174.
173.
27 .
-25.

-31

27 .
-25.

-25.

-21

-18.
-22.
-22.
-15.
-13.
-20.
-23.

22

.500
.000
.700
.300
.700
.900
.260
.870
.200
.700
.330
.890
.120
.580
.220
.870
.700
.700
.899
.960
120
860
.000
.985
.800
.300
.300
.700
.900
.200
.100
.200
.500
.000
500
.060
.220
.270
847
340
000
800
170
960
170
.930
100
122
200
468
900
200
500
353
400
.200
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Nor th Sea shelf break (Beryl A, Exxon-Mobil)
Nor th Sea shelf break (Cormorant Alpha, Shell UK)
Nor th Sea shelf break (Brent A, Shell UK)
Nor th Sea shelf break (Magnus, BP-Amoco)
UK North-East Atlantic (K5)

UK North-East Atlantic (K7)

Nor th East Iceland (Dreki buoy)

Baltic Sea (Arkona Becken)

Baltic Sea (Oder Bank)

Baltic Sea (Darsser Schwelle)

Nor th Sea, German Bight (NSB2)

Nor th Sea, German Bight (Helgoland)

Nor th Sea, German Bight (Elbe)

Nor th Sea, German Bight (FINO 1)

Nor th Sea, German Bight (Westerland)

Baltic Sea (Arkona Becken)

Baltic Sea (Darsser Schwelle)

Canical (Madeira)

Faro (Portugal)

Funchal (Madeira)

Japan, off Muroto

Japan, off Tosashimizu

N Norwegian Sea (Mike)

Leixoes (Portugal)

N Norwegian Sea (Draugen, Norske Shell)

S Norwegian Sea (Gullfaks, StatoilHydro)

N Norwegian Sea (Heidrun, StatoilHydro)

S Norwegian Sea (Troll A, StatoilHydro)
North Sea (Sleipner, StatoilHydro)

S Norwegian Sea (Heimdal, StatoilHydro)

N Norwegian Sea (Norne FPSO, StatoilHydro )
Nor th Sea (Ekofisk, ConoccoPhillips)
Barents Sea (Oceanor buoy)

Barents Sea (Oceanor buoy)

Barents Sea (Oceanor buoy, Nordkyn)

Nor th Sea (Auk buoy, RWS. The Nether lands)
Nor th Sea (K13 buoy, RWS. The Nether lands)
Nor th Sea (Euro platform buoy, RWS. The Nether lands)
Bar ing Head, NZ

Banks Peninsula, NZ

Praia da Victoria (Azores)

Ponta Delgada (Azores)

Lajes des Flores (Azores)

Graciosa (Azores)

Vila do Porto, Santa Maria (Azores)

Sines (Portugal)

West lceland (Blakksnes)

Nor th Iceland (Drangsnes)

North Iceland (Grimseyjarsund)

West lceland (Grindavik)

West lceland (Gardskagi)

South lceland (Hornafjordur)

East Iceland (Kogur)

South Iceland (Surtsey)

Nor th West Iceland (Straumnes)

SA Agulhas Bank
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A8 AYSFrIRWW3)Z ZA A 33

€38 o] ID M5} 91X

2

9 (CWW3) ZAZ9

A

Folol& Fo] 1D < A T Al
HAax 22101 37.23N, 126.02 (A= A ) 30 m
A= 22102 34.80N, 125.77¢ (= & 2km) 33 m
ALE 22103 34.00N, 127.50E (A+% & ) 80 m
AA = 22104 34.77N, 128.90E (AAIE & ) 84 m
5 3l 22105 37.53N, 129.92€ (&3lAl & ) 1518 m
z g 22106 36.35N, 129.78E (Z3¥A] & 32km) 400m
o] Rt 22107 33.08N, 126.03E (AF= 3= 1 24km) 110 m
A= 22108 36.25N, 125.75E (H.& A% 45 m
=TE 21229 37.46N, 131.11E (&35 =53 & 18.5km)| 2200 m
FAE 22184 33.79N, 126.14E 85m
oA 22185 37.09N, 125.43t 40m
s 22186 35.66N, 125.82E 50m
A E 22187 33.13N, 127.02E 105m
A 22188 34.39N, 128.23E 55m
< 2 22189 35.35N, 129.84E 145m
£ % 22190 36.91N, 129.87E 700m
A9 BFrde A4AFT AHSHE AR
HAEsHs A 151 I~
fo a1 Jason-3 1 cycle = ¢F 10 days
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5 B. 7133 FRASAEH AL 9

F8 WA A%
a4
=3 =g 4 AFEH &7
TA]
1989.05 | o .1k
A2
1990.12 | o) Cray2s
’ A (KIST19)
A-LAM2Y), F-LAM22), OFM23)
1991.02 T2 39 &
A P, B+
1991.02 F-LAM(46X61, 80km/L10) IMA GSM +12 6127 )
F-LAM(46X61, 80km/L15) Cravos
AHF 7t (KIgT)
1992.04 3’45 =& (Cardone Model,
19X15, 25% 2 A 144
. g Cyber932
FX vl 2} o o £ y
qr_u;_l‘ﬂr 3} F 2 (DASS5) +% (KMA, 7 )
PPM(Perfect Prog
1993.03 Method)?4)< ©] 8-t
HA - Ha 712 A AF
K-LAM?25)(59x59
1993.07 ’ CrayC90
g3 2 &9 (KM,
1994.06 Korea Typhoon Model, Ig\};[‘t:r;?)%
109x109, 50km, A% 8%) (KMA, % %)

19) Korea Institute of Science & Technology

20) A BIE 19909 1280 AAdFHo] SN 2G5 H 7R FHGRE OO} £XREd ALAM, F
SotAlo} FAGEEY FLAV, Y FAGEED OPM)S SFate] 1919 29 5E FA Rz dY AFE A5t
e oFE Aoz AAs A

21) A-LAM(Asia Limited Area Model) : ofAo} FA R ED (FIAT A E4F dry model)

22) F-LAM : Z%Fo}Ajo} 2o R 2d. Far East Limited Area Model. F-LAME T th7] 38t 74 (NCAR) 9} 34w o]y o}
FYUgPoU)o] F5o2 7EE NCAR/PSU %7259 (MM4: Mesoscale Model) & 7|RFO.2 3l 7)Ao &954=2
Agdstn d7|#eta FAGEAF o] et 73R P o® A FARPDoTh A FAHAAHL V]
Aol A WEetgTh

23) OFM(Ocean Forecast Model) : 3% FAJREE2 M Fgetey &9& 53 FF5o2 Mid mdojn.
ECMWEFOI A 7ds ot 29 WAM(WAve Model) & 7|8t =2 Ag-3ta 9t

24) PPM Ed& 19903 UNDP #AFo2 487143 MOS A48 3], 487143 ASMS0km) ¥4 285 &85l /AL
SHETh 1992%d 1990~1991F 4 ARE Y8 7|3A WESte F7F Qs 7)€ QT AR (1987~1989)F &85t A
Wald =], o] FA FAGEARY ALHA AA wFEe MOS Adtial PPM AwE 739t =3 ECMWES 1=
713A e 4 A87t 160km A =0lA7] wWEd 4o ASM #4 ARE FE3ATh

25) K-LAM(Korea Limited Area Model) : %2 R Ed. FLAM FY3lA MMl 7145t1 Barnes EAAE 283 =
A g Rg BHAE i) APYGT AT
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F2 WA A%
ad
Z3Z =2d 4 A¥FE 84
CrayC90
1994.10 PPM(Perfect Prog Method)< (KISTI)
. 5l 7}2= BB A 2|2
o] &%t AT FE dr dY A Cyber932
(KMA, ¥ 9)
199503 FHI;I]_A};/I(ZXQ, 60km/L15) <%
o - 0
Z A F(GDAPS) 2 A 4 (RDAPS)
T OilZ/\]Z:E“ fﬁ_"d & g20)
GDAPS(T1061.21, 110km,
29 top 10hPa) S &%
1997.02 RDAPS(105x121, 40km/122, MNV&)27) =
2% £ " | e Oy g | Hitsu
| | BATS(Barotropic Typhoon forecast RAT =4% A8 VPX220(KMA)
of| B =} System) dY 49
Z 3l (40km) 2 413 (80km) T} CrayC90
o oo (KISTL ™ &)
KF(Kalman Filter)E ©] &3t
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e
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AEHG. AR RES GINOE NS HGoU, 55 AAREIA Wit A%HoE F4H 39 A% A
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=
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GBEPS(T213140, 329,19 28],
2006.05 102 o %)
B9 ZZEY =d | 33U EAAXE(KLAPS,
2006.07 (RTSM, Regional Tide/ | Korea Local Analysis and
2=z | Storm surge Model) A3P36) | Prediction System) @Y +%
sooe1r| | MOS(Model Output Statics) | Burf H4) A5 3% /W
‘ ol g3 A Fu) A AT | AA
GFGAT(H177% A4 289
2006.12 e s &%)
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i | FAFE WS ED(AD
200703 i | wal s (ADAM)
Y
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2007.05 KWRF(10km) | &9 | SHOP® SAS Cray XIE
© (18 5Tflops)
2007.07 GBEPS ¥z} B4 &
GDAPS # ¢ 2] v} (Rayleigh
2007.08 ..y | Friction) 24
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of 1. _
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G-BUFR MTSAT-1R AMV
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KWRF-QuikSCAT
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‘ A% ¢4 A A
KWRF-Hl 3E A A&
- o] A] =
2008.02 KWRF-MTSAT ¢4 75

8

36) 20049 8¥ 8km #¢¥ ZEFY EH(RTSM, Regmnal Tide/Storm surge Model)
A3t B Eo] 2005 6YFEH A
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[e)
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20079 129 € WA FYsio)

37) FAEE

e =

2H(ADAM, Asian Dust Aerosol Model)
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;ﬁj 1/1209 670 ¥ B £9)
G-1dVar(NOAA18%
2008.04 S
ATOVS 53} Cray XIE
GECMWF #4745 ©] 83 (185Tflops)
2008.05 A A (AZH] A8
e 5-10%)
YR | KWRF 9% )= MAE1E
N > KWRF-%=& &4 cycle &%
2008.06 — 40%) 2 GEAZ Z7HO | o ~ Y
GBEPS T213140 AHA #5538}
2008.08 PP ©
AATFREe] WAE 54
2009.01 ety del 2 g4
AAT A= B S
2009.05 A el Fol ‘;3_03
KWRF &4 7MA
A, 2718 A4
A
2009.06 A8 5 3HATOVS  F7})
N
AR g agel (V23— Cray XIE
T | V3.0) (18.5Tflops)
ZH7] 24 9 oF Al=H
(KLAPS) &% &9
- /H.‘: A (FB=212
2009.08 A AF MHISAE
F7h
=718 34, =g3A
7HA
GDAPS &8¢ 74
AATED #H3p 2
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average method
38) 714dTe APIFATAANE 2006d 19 AT R AY FF 4 Ax® 2l 22 )E WAMOIA
WAVEWATCH-TTZ 9] A 2d& Fdstgon, 20068 1285 vH4E A9 JFoZ A28 (ReWW3) 2 I3 ¢
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40) AAFRA] FEFo] ¥
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HERoh FA dEshs @4 A Yetd BUREE ©
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=3 =d 4 AFH 87
At =2 (ADAM) 357] QAHY
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TEEd B2 AAY
2010.01 J;:LXOJ e (14.17TF)
7 A AL o
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ANE 2d7) B4 9 oS Ao
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(KLAPS) &% &394 Cray XT5
TEEE 7N GAE R (27.65TF)
d&ZH(ADAM) EQ £94) | SSMIS A= Fst dY
2010.07 KWRF 29 £& 24 AAZ | 2§
HY g N320L50
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Falgpy | BH H6 2010.5.14~
201008 | TRH | 0V v ge ( )
914 =4
THAFE 357] 7|9k FA R
2010.09 Bl 7H*445>
AAA AUNR A BNk |
2010.10 (UMLADAND) 8¢ &9
_ ANA T AZAE 2F 357] HEE
201041 SRR A A | I A 2R AE
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43) W7 AR WA Qo] 5(V22-V30), 1417 14 Sk el B, BAA2ET o S 28 e FREte] £
44) W7 Ad: ADAMS| 948 71474 RDAPSIIA SEEY (UM 40km 15002 A%, 2 o SAZHE 48A 7oA 2AeZ WA
45) A} N g 2R AEN 28 shsaE A/ AR A, HFARE @Y, AQETRY Yot ATy Ft
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=
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2011.08 s As Y Ae (758TF)
1= ogES, 7HHE
g8 712 A8 N512L70
2011.12 AP ti7lesde 28 AF | EEEuAEYY ZE 3948 dd =¥
A THAE Eds BUEHE
Tepad g = (2011.5.23~)
W& TrimObstore A4S
AAE AN
2012.01. missing® B2 2804
DA oF A
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AH+F9) 3DVAR(A & 7] d-¢l B el
201205 FEARIN 7l R )
AF(EF) 89 AF
2012.06 AAT g Adeird g8 | AR T EANGE
‘ 34 7§50 71 41 (N144->N216)
AATF, A, FAGEED o
S713050 44 . _ PS0159)
013.06 AAT, AY, AGBED & | 3fo| BT 429 HEAR F
: 234 QA 2 3 A (N512L70)
P01 99 Y EHAF, A4 YLy
ol A
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2013.10 29 2¥E ¥ grain 77}

47y WA AFgh KLAPS #4483 2d 2714 X4 AN, AYaFrd fA9E duAAd 18y 37}

48) WA Argh uEYE BHEDAVNRY B JAGG A, LA E FHED/NY FAFAE de &9

49) ZA A 0 Z whA|bol] BAYFE] Q1 9 A4F 3 E sk AP/ ANI1F(elE 18 7173) B4 dS5FE TS 9
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-5 3 A 2B AT 02 Y1171 FE)Si R Tl Al AlF

50) AAF/A G BRrde] tf 2 Z5AY, FE A, EAELHARG AL A&, AAFRD FEF A H &

51) AR ol 229 252288 A1 7k, | G of] R E 72 — 87 4| 7k, TR o) R E 24364 7F

52) AAFERZE VN7.7PS26—>VN7.9PS28, A Hejmmd VN7.9PS26—>VN7.9PS28, Ao Hwd VN7.9PS27—
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A /A B2 A 744159
_ AAT A=E3 Al2H
A zl85 %= 9 zd
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A
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. Z = o 3
Ag eERAN A ot .
;Hm}jvi WA mgse gn uy
o A A 7E
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- e ° MetOpB A& F7}
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ATASA=E (CDAPS) a2z axe) 9 Azsel
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TR Nreszkm dEAE Auy F7
A~ - AAA HWA : New - A 94 BAEHGOES PS03
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Solver/Diffusion) : °©]& Bg =7} [ Y=/
SEgAe) A% Ut A8y
i
- 549 &¥(Gravity
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F94 7iA
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53) Parallel Suite
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F8 WA AR

Dynamics =>
ENDGame

- wd AR g
34 744 x 928
1188 x 1148

=]
=]
=>

AAT BEe|ZA 28 (EPSG)

- w9 sty
- UM HA agol= .
vn7.9 => vn8.5
cedE WA
N320(40km) =>
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- G8HA A W7 New
Dynamics =>
ENDGame

- A8 %3
- #AE2AE AAHY 0 OPS
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AR =H B4
wA AR ool A b
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- 29 =2 3A
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LELIN M EME 2
70’4 (Abel & Boutle,
2011)
- FE AR
(convection) : HF
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QCF 3t #4 714
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0176 . Iil\i[ H%Zd vn10.1 - AA @ golg =97 457
621 || - THEE=: 15km NASE/RAE &8 | Azd
. 0 | e | (LET(EAM)X928(E ), | L 2} 2 EBH(VAR, SURF) Cray XC-40
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vn30.0.1 => vn32.0.0 T A YL E)
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55) Very-short-range Data Assimilation and Prediction System

56) Variational Bias Correction
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1) F& AE(/ )0 i ¥

(Dichotomous) | HE= “Arzdo] dod ZARIZP7ol disfl “of F& ol et il
A 2o 7de-ok R dHbERl FE dlEe oot HEEol 10m/s °ldelut otHYUE
ERete 2= G B A7 2 5 Atk old FH| RE HFsH] Al AR}
Ao 5 Zhzbel] gk “o]” oF “of]are] NESFE HoFE £ 3E(Contingency Table)7}
Besith BaEE 27 BE(oint distribution)2t 271 n], ojmsl o] gk “o)” s}

;

- ZRHit) ¢ ARdo] EAT AOE oF, AAZ LAY
- FAMiss) : Aol MR Bs AOE AF, AAE LA
17 &% (False alarm) : Abdo] A Ao 7 o= AAZ HAsA e

=9
S}(Correct negative) : ARdo] WAYSEHR] & Zo 2 o, HAAZ TASA &+

iz
Lo
ol
ot

BEEE 2xko| ER7F oA BEoAE AE = F A= 7P EHHQ] ERolt) Rl
B AA= w3 (Hits, 18t H)# F9 AHZ(Correct negatives, ©]3} C
(Misses, ©]3} M)} A3l ¢H(False alarms, ©]3} F)o] §le AHE 4HEst. dBH e

54 S Aeh] fal 8% 2458 o83l e JH e BMFE SAE AN
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¥ 1. ¥+ 3% (Contingency Table)

Forecast
Yes No Total
Yes H M H+M
Observed No F C F+C
Total H+F M+C H+M+F+C

(1) 8 &% (Accuracy)

MM dre} BZ71e] FHFZQ Ux AEE JEE Aoz AHEE] o 13 A ot

(2) %% (BIAS score)

B drel FEAd #AFIe dA AEE dele 2oz dAHA A5H
(Overall BIAS), AAIA *]-9-%(Systematic BIAS), & Fx714 A
o5 d4#A Jrh. HMFY R it BIASS HAE& A 4R FTFE #

T2 e Zelth #ol Hele 004 FadizkAeoln 3k qrE= 19 e Zeth 1 2
2o e dr Alxge] HAdR A, 1 B & F ol dE AxHEol FAu dxn

Z(Unconditional BIAS)

o

(3) & UA A(CSI, Critical Success Index)

Threat Score 22 Gilbert Score2= E#™ F&3] JF3Ad A 5 dEHE #5
ol Zrol AR AN BHEHE FFE Tt v Aolth Fe 09lA4 19 Fe 7HAH, 1
AT RE ou|FTh CSIe ARde] TASHA] gethal o HSIH I AA BASA B
T (Correct negatives)oll sl F&FS WA vk wheba Ao WEof ot
| Aok =3, CSle 4ol tid A3 dSH)Fe L2skA ¥7] HEo
2 A% A8 E(Accuracy, ACO)E 9wu|3tA HAtct. d& W CSI7F 091 4+
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RS BA ASolth B3, AFA 457t gl FUHOE FLA5rt He A
BAAE BEE SANE 0T sbs4el Atk wHE duoxtel UAL FEY &
2

AA7E A7 7130 o7 AL 4 7] "ol

ot

A YA A(ETS, Equivalent Threat Score)

Gilbert Skill Score2%= EZH A3 A Ao £8, A 747 729 =%y
(Random hit, a,) RFHE<= W Ao=2 A
e -1/390A4 19 e 7HAH, 12 HE dERE, 02 dF sl glFs vtk ETS+
drdsel FE2 AHEHEM ole ETS7F 7HA= s Aol st ZdolA F3AHsA Hlud
g 7] WEolth. ETS= S Hit)oll Wastth. =3 3 Miss)@ 713l & ¢ (False alarm)

e Z83st7] Wl dF exke] dJdS FEsAE d=th
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ETS= GSS=

2) A% W5Y due) B AFPY
WAl dnol gE AFE w53 Jn9 Fol & FHHE Aotk

Faofel Al ko] F-gofrhA <
Fold #EZHPET AA ARV HA S UEAT 93 A
09] #< 7HAT a3 Hx =2 ox1o IAV|E =AEA ¢on o B9 93} Ab9)

N
filo
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(2) Root Mean Square Error(RMSE)
ARG BEge) 2o & AFTal HEL AT @olth. 04 FRUAA e 7Y
A A= 09 @hS 7T RMSE= ¥ xK(Deviation)oll th&k W& S A ASHA] e+

-
RMSE= \/LZ(FZ-— 0;)?
N=
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dnel = Aolo] YAk A4S ZAHEH 10l 1 Alole] e AT WAL 10T
YA H e ZHoE T Troln que] AABIAS)Y WEHA ekt

=] shtolth.
M- o)(o-0)
VU (F= 07y Y (0- )

(5) S1 score

R FIt 71718 AFEE SAIY. B2 AdiE F2 ur|hdel &30
014 Fahel e A T drE 0ol SR ASeA 71 GNE AXT
lom thdzte] wdl 4ol FAHE AL BTl TL ST EF one] 7
ol 5ol = 2=t

i IAF-AO

adjacent pairs

Y max(AAA0)

adjacent pairs

Sl:

x 100

3) & A3 0 A

FGERE oug Aol AT FES 07 1 Aol #(F2 0014 100%) 0= eRAT
Yt o ® @ FE dEE HAF3AE ¥t WAl ¥ &E R, F #F, S
A (o= 1) T TAFA FF(o,= 0 ol &3dtd ASst Aok AEF &&
JRA~EFL T 2 5L 7hzh
- A1 ¥ = (Reliability): €13 &3 F+ ¥Z W% Abo]o] IA4
- o 2] 3H(Sharpness): S-S I Bst= A

35 (Resolution): E¥& AFAES EHHO R Aold HIESFE A= FEIFO=R
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(1) A1¥ = ¥ (Reliability diagram)

Reliability diagram-2 X &5 thgk ASNES AT AC2 dH 59 He=
K 7§e o=z yra, 2 7339 & ojuf Heolg ZRJAE Alolg]
#FoZ Yehd Aot AFEE FE FE NEE ol Ax gftiel &Hg A

Uepdth tiZd o2 HE] S H A (Deviation)= FZ45 H A} (Conditional BIAS)o|th. 3%
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HEE o] Aol Wz ool A8t Frej(FEe] £F), A flol A&
HAaRo(FHEo] ) d& u|stth Reliability Diagramoll A E& RIEE o] o] HHAZH
7% &élls(Resolution)°] &S &Pt No skill A3 thzid Abole] WE EZ+&
BSS(Brier Skill Score)ell =& oz 7|ostm, zZ4zke] && F3te| NEE oRe| o

(Sharpness)< UERATE

s

=
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perfect reliability —-"ho skill
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L

no resolution

(climatology)

=
X3
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Observed Relative Frequency o,

=]

u] 0.2 0.4 0.6 0.8

-

Forecast Probability p,

Eojuel Ae4E Wrkste AFEHSR 54 DAl - ATl 10meldd H el
g & AR A B W= #AE UEPHE Reliability Diagram(Atger, 1999)°]
Atk o] W AL EE SFE R} Aol WE Reliability E= T3 2] F 7hA Yo
Uebd = At AAs AR owWd Aol vehd Z$E O st vEhA &
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2. GEE U NAE 7315 Uro] RHE Reliability 3%
F=N F>N-1 F>N-2 F>1 F>0
NF=0 NF<1 NE<2 NF<N-1 | NF<N
¢} Hn Hna Hi H; Ho
NO FN FN1 FNz Fl F0
H* 3.10% 49 & FOZ o] THE Reliability &
P=100% P=>90% P=80% | ... P>10% P>0%
O H100 H90 H80 ..... H]O H()
NO F100 F90 FSO ..... F10 FO

(2) Brier Score(BS)
HE AE Auste Hdtt AR e 22 KA & (1) AFE, (2
0ol A 1ol ¥l dH= 09 <

Zet, Yukxo s

(3) Brier skill score(BSS)
71% B e SEAES Fd AEE FAHSE B4R V|E dEEE BF AV

_ BS—BS,
- 0—BS,

eference

eference BS, ¢ ference
(4) Relative Operating Characteristic(ROC)

FE AEBE f8) €H +34 &E YA(Threshold) #ES(AE
AH8-3Fo] Hit Rate O false alarm rateES 7] gt Zolth. Fr19 A3
sl AR} THE ST 0014 1 Aol FE 7HAH 05+ Skill ©f
qEE omgtt A= i = obFAE T F glrh

ojm

Relative Operating Characteristics(©]3}, ROC) =

01, 0.05, 0.15, 0.25 %)
AE TE
e 12 a3

4»

o

1w P%z‘i_}

EoHoA At
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-
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Z AAG & JdEAE BIEEE “Signal detection theory”E 7IZE 3Fil UTHSwets,
1973). ©] ROC 42 &8 FEARY Hse Hriets WHOE ECMWFE B £31
Hl=r 717 (NCEP)# €2 714 H (MA) A = Afelste] AREstal itk ROC 41 AFES
¥ ¥3t= Hit RateHR)$F H1 A FES UEYW = False Alarm Rate(FAR) Atole] EX=E 7
3 PRHEE A @ agze] FAHo2 Yehd Zolth HFEY HAHFTE A4S E 4
FE o2 Zo] Fan. 18il ROC FAolA HR=1°]3l FAR=0 ¢ w7} <83k

o

duolmE HZAWo T slrte] B4F ABN PA Aol Holuni B £ ot
Aoz duAle] PojA5E AEFToR A ¢AE AP wLh
Relative Operating Characteristic
1
=057
4]
ka
i
g (IR
s
gm
=
I
02
I:I T T T T
1] 0z 0.4 06 0.s 1
False Alarm Rate
1714 y=x¢] HA& " HR = FAR " o2& o] tzti sheom FHo| EAT 4$

o

Lo

2

—_

a1 7AH7F e owth olo wet 23] Fo] 3R ROC AT y=x°o| )7}
o] £& ROC WA (ROC Area)S T84 di7&e] A8 AL&sta gtk o 27 st
ROC W2 =10]3, ROC ®4 =0.5¢ W] <® o] 7[zo] ITH(No-skill)al F&tA Hr.

2
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® 4. Ao wE o1 £F3E (Contingency table)

Y
Yes No
Yes Hit(H) False(F)
o B
No Missing(M) correct Rejection(R)
o 4%¥E = Hit RateHR) = H / (H+M)
o B4 FE = False Alarm Rate(FAR) = F / (F+R)

(5) RPS(Ranked Probability Score), CRPS(Continuous RPS)
RPSE SEclRolN S8 Wie] B30 A48 BeAEAE Yepih ofel RPS 4ol 4

(el =]

ME 38 one] MFE, pki dlB WF kolAel o= 2E, ok WF KoIA BE ATl

o
2 Foltt. WF7} 29 ¢ RPS= BSS} U5,

S (50

k=1 k=1

ol

F

b AN ZH0="°o}] 2", 1="c]")o]t}. RPSE tz WF && dEolA &5 IXtolA Al 2o
5

1 M
RPS= < 12 [

=1

CRPS= f_m (P (z)— P, (X))*da

(6) RPSS(Ranked Probability Skill Score), CRPSS(Continuous RPSS)
71% AR tig GEAQRY] FF AEE FA}s 24E VE dREE BE AL

FHERE 7HA0lH 02 7]E clBe] Bl

Amol A4Y W BAAAAG. Aol HeFE T e EE ST Baw o
RPS— RPS RPS
_ reference _q_
APSS= 0— RPSreference RPSreference
CRPS— CRPS, 0ronce CRPS
reference

PSS = SRS (A

CRPSS 0— CRPSreferen(’e CRPSTeference

)
o
N

(7) Economic Value : A&7} 2% ol A I
drel AA 7HA gk AM$ == “Economic Value of Weather and Climate
Forecasts(Kats & Murphy, 1997)" & Zastd ®Ho 7|4 AHst= AA 7HX(EV)E 1998

O|FHE YFE dHe e HIF VIFSZ AREEHI th(Richardson 2000, Zhu et al.

[¢]

2001). AEe] FA 7HA= B Aol oESAINE o' 74 ddol RS A5
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WAe AE  Bag ¥E(Cost)T iAol 9
o HEL el wet 47 thed.
® 55 A% wWE oo BEms)

matrix)E 7 YERd Folth ol HA
Z|FAZRE o] & wol W APEH=

EREH A AdERE o]&IS

A A Q] B gl

o
2}\4%’?

o A7l EH(Loss)ol = FAZF =T

H] &

] E g

18O &4(L)9 (Expense

wjo] A& H|go]
3 gtoe =2 EVE Ao sd

e 2ol T¥ & AThHA AT dRE G4 o8 YA AL W) AF ug
(EF)2 % 594 dofx= EE A5l thet A=r &2 A= 78 + Ao H7]A
Azo] TAHE A BF A Aol
# 5 A%e] W2 oo BIES} wg uEZYA
A5
Yes No
y Hit(H) False(F)
Swsh o e Cost(C) Cost(C)
- N Missing(M) Rejection(R)
° Loss(L) No cost(=0)

O AdAz 1 4ol TS W dr7} ol&

ghE o] B Wl = (H)xo 2 ¥ &(C)o] "tk

@ =4, 7L @4 T AR} But B5

R ARV EM)><EAEE(@L)°] Hoh

@ AA, AAZE ¥ FAo] YA XYL
Aze 5Y 9 =(F)><eh # 1) g(C)o] B
A7) A, ddo] TASA Fkal drI} o] &

Hlgolu £4 Hlgo] §lo

A& At

H] g2 ofefjof Zo] yehd &

Ep= HC+ FC+ ML

teoE nst s A
(B2 ¥ B9l onE 9 A1)IA FC=
o7} AZ MEs} T @l U

22 o]ty wEkA EF= Al 45

g AT A=V E(EP)S

[e)

=

Aslenz o] uj

PSR B

Q7 £ Afol= e Al 9ok

=

]_

FEE FEIRIE MUz B9 M

0, ML=0°]t}. 18|22 A& H]-§ E=HC<Sld],

oft MIZ( )9k Zomg ofgje 2 wlgo] NEHh

(2)
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,1E ARE o4 o] AE WEEQS AL AT ) =k W Qo] o4

HE SR A Wy S § FoBE ofesh 2 HoE el £

pu

E.= Min(C,oL) 3)

A FHEVE 54 IR ol§ae we] AAH2 Hg Ao Roln AW 7 F Aok

m: saving (4)

gy — min [oL,.C]_— (H+ F_)C’— ML ©)
minloZ,Cl—oC

A7) BE @& L2 Wra u§/E£4e) WE C/L=r2 FoI5H 2(6)°] FEach

minlo,r] — (H+ F)r— M

EV= —— — (6)
minlo,r] — or

o] A& mlg/&Ael nyt A4 Y WE(HRYG Z e} Fe w2 Yro] Fajok
Ho=z 2(7)°] HAFHOZ EVEel Hdh.

EV(l—FAR)—(l_C/OL/L)( 5)(1—}1}2) if CO/L<o

.o [ CL )1—5 : -
EV=HR (1_C/L( = )FAR if C/L>o
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C3 H¥ A5 UH
1) )&= FHFPES 1ad A ALt
B EZZ o iFel AHEEE DPEE oB9IX|9} BA9A] Alole] AgE tiAA—(KEHAH) =
Aot gEAE Fohs o RE IUsiuAE FEet ShHARI(Harversine) 21& AME-3ISIT
DPE: ol &4 =9t Wk /Mde E3dsh= 7 7FA A& Along-Track Bias (ATB)$} Cross-Track
Bias (CTB)Z ThAl uwo] A& 4= Qlth Along-Track Error (ATE)= ATE = |ATB| =,
Cross-Track Error (CTE)= CTE = |CTB| = A<jdth
o5&l de] 23E ATBE EIFQ AP s XA, ol BAH o] 3w
BE 0 £52 3RS o B exolth o e dFE HIF ol5&Er) ¢
Wtk oulo)x, o] e dFE HFY oleE=rt v =xvhe ofvlolth Walide] 23
mEE YXAR ol EAH HFo] o3FH HF
O gor FANS u BAsks Ao, dESAV HFY] JYLY & How o
R 718 oS "Ee] 97 £49
sl QEXoE XA Srke oulelx, $o g EAE S HEFe AAF BAE gFe
Az tial] %oz XA Q= oujolth. ATBS} CTB /MdE+x oldlel 193 2ow,
1H9] 00 Anal# 06 Anals OB1, OB2 (Rl&9] AAHZ)E FiL, +6hr FestE FC (63T $-9
BFadd fA)E FAS W ATBS CTBE T8k 542 A1), (29 2 THAemisegger, 2009).
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1. Direct Position Error -~ Observed Track

2. Along Track Bias (fast /slow)

06 Anal ! \

[—“.
* +6hr Fcst
00 Andl
arp = LOBLOB: OBVFC) _ \opops ||, aqm = 1ATBI e (1)

I oB1 oB2 |

(oB1 0B2 « OB1 FC)

crB = 4| Il oB1L FCIl* - 5 , CTE = |CTB| -+ (2)
IoB1 oB2 |
Gk I Il = WEe ZrE 9ou )
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