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Verification on Forecasts of Tropical Cyclones over
Western North Pacific in 2015
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Abstract: Operational positioning, track, landfall point and intensity forecast error of tropical cyclones
(TCs) over Western North Pacific in 2015 were evaluated on the basis of CMA/STI’s “Best-track” data-
set. The results showed that the average TC location errors of CMA is 14. 1 km in 2015, better than in
2014. The average track forecast errors by CMA subjective method are 66. 2 km (24 h), 119.5 km (48 h),
176.3 km (72 h), 244.3 km (96 h) and 328.5 km (120 h). Meanwhile, the global models’ average track
forecast errors are 86.5 km (24 h), 146.5 km (48 h), 215.8 km (72 h), 321.6 km (96 h) and 475. 8 km
(120 h). Additionally, the average errors of regional models are 84.1 km (24 h), 147.1 km (48 h), and
230.8 km (72 h). In general, the ability of track forecasting by subjective methods, global models and re-
gional models have got a major improvement compared to 2014. However, no marked improvement was
found in the intensity forecasting. At present, the overall performance of statistical forecast methods is
still better than numerical prediction method in the intensity forecasting.
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Table 1 Location errors of TC in 2015

RS CMA IMA JTWC KMA e A HA DA T
TENLIREL/ IR 819 884 844 837 800 950
2 /km 14.1 26.7 23.2 27.8 18.5 21.9 22.0
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Table 2 Average errors of subjective track forecasts in 2015

24 h 48 h 72 h 96 h 120 h
I ik v IR vy PR 2 v CPHIRZE v CPBIRZE N SR 22
FEAEL FEA KL FEA KL , FEA KL FEA KL
/km /km /km /km /km
CMA 704 66. 2 594 119.5 490 176.3 400 244.3 320 328.5
TMA 703 68. 2 596 117.6 496 170. 6 402 255. 2 320 358.5
JTWC 673 72.0 565 113.4 471 170. 8 384 242, 3 302 343.4
KMA 698 78.9 593 127.6 490 178.5 401 256. 3 320 349.9
HwRILE 251 69. 4 196 120.0 142 176.5 96 223.3 58 367.2
JTAREMR 67 70. 1 48 123.4 / / / / / /
b 13 55.2 9 141. 1 / / / / / /
i RANEEY ) 52 53.1 45 96. 1 33 152.1 9 179.9 7 259. 2
8 W 55 61.0 12 110.1 29 191.8 / / / /
JUUEEM 15 74.5 3 203. 3 / / / / / /
TR 0 11 80. 1 6 138.8 4 158.0 / / / /
b NEcy ) 6 53.6 3 171.7 / / / / / /
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Fig.1 Trends of annual mean track forecasts at the lead time of 24 h (a), 48 h (b)
and 72 h (¢) for CMA, JMA, JTWC, KMA
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Table 3 Average errors of objective track forecasts in 2015

24 h 48 h 72 h 96 h 120 h
J5 kAR oo PRI CFRE L Pl PR PR
FEA%L FEA KL FEAEL FEA KL FEA K
/km /km /km /km /km
NCEP-GFS 414 66. 6 355  119.1 289  176.5 234  251.0 188  360.0
ECMWE-IFS 331 58. 2 282 96.5 230 146.2 187  204.9 147  278.0
o e [ 0l 347 74.5 296 123.6 246  173.8 198  230.1 158 296.8
LRI . ,
H A0 699 82.6 594 140.4 489  219.2 / / / /
T639 46 150. 6 36 255.3 28 361.6 20 408.1 15 531.0
#h | GDAPS 230 86. 4 192 144.3 161  217.5 131  513.7 105  913.2
KA BB 331 96. 4 283 173.2 232 264, 4 / / / /
N IR~ 285 73. 8 239 118.6 193  178.5 / / / /
DX A 5 et g .
A R R 440 67.8 368 122.7 293 189.4 / / / /
GRAPES-TCM 483 98. 4 395 173.9 318 290.8 / / / /
i £ IXI 2%
L(i;%gi;% 619  61.4 521  108.1 432  164.0 / / / /
PN
LA 7% 087 1%
b 135 11 86.5 9 153.7

ST L 380 77.8 318 125.0 261 194.7 / / / /
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Fig. 2 Trends of annual mean track forecasts at the lead time of 24 h (a), 48 h (b) and 72 h (¢)
for global models (UKMO-MetUM, T639, JMA-GSM, ECMWF-IFS and NCEP-GFS)
and regional models (GRAPES-TCM, TRAMS)
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Table 4 Skill score for track forecasts of

subjective methods in 2015 (unit: %)

24 h 48 h 72 h
CMA 70. 69 73.11 71.62
JMA 69.67 74. 20 73.29
JTWC 67.59 74. 39 72.99
KMA 64. 60 71.55 72.09

FEWRILE 66.47 68. 36 73.85

JTAREM 66.51 72.56 /
i E 72.24 61.08 /
i RAREEO U 71. 39 76.56 75.23
A 7 0 70. 40 74.73 74.05
JPE EM 44. 60 52. 46 /
5 W 67.29 84. 98 91.17
YL W 74.51 68. 00 /

RS 015 EBZNFEBRTRKIG TN (B4 )
Table S SKkill score for track forecasts of objective
methods in 2015 (unit: %)

5 v 44 Bk 24 h 48 h 72 h
NCEP-GFS 72.52  76.05  75.34
ECMWE-IFS 74.06  78.55  76.44
- e [ BME 67.35 72.71  73.39
SRR . ,
H A $UfE 63.35 68.29  64.97
T639 68.52  79.14  80.81
@ [E GDAPS 63.28  69.37  70.15
TR A 50 57.61  62.62  58.57
o JTMNEUE 68.58 73.82 72.65
X 3 A
kg A A 67.63  68.18  67.41
GRAPES-TCM  63.34  61.40 49.27
C\,L)‘ X 23 -
FWERITIE ) o1 7415 72,93
i . PR AR B
oAl % W5 v . )
I AL R 2 60.27  65.99  63.95
VLI 2 59.31  63.48 /
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Table 6 Intensity forecast errors of subjective methods in 2015
24h 18h 2h 96 h 120 h
FEhH Tl g B A Tl B M kR FiysR Eh— Wi K FHyf BHE— Bk . Py EH— B o
mes— L /Y mes! M mes— U Y mes! il mes—l /Y Lo P N4 Lo Yy o1
N 0 S § ) S E 4] mes me*s [/ me*s mes 4] me*s
CMA 413 T 5.6 704 6.4 77.9 8.1 594 7.6 78.9 9.6 490 8.1 785 10.6 400 9.6 8.1 12,0 320
JMA 01 67.4 6.6 700 8.0 70.8 9.8 587 9.4 Ly 114 485 / / / /
JTWC L9 741 6.3 673 7.1 78.9 9.0 565 8.1 78.1 10.5 471 8.7 7.3 1.4 384 8.9 82.7 1.8 302
KMA 1 73.1 6.5 690 7.5 75.6 9.3 583 8.5 76.3 10.6 478 9.4 76.3 115 393 10.1 4.5 119 307
HFlEXAE 500 T3 6.1 248 6,74  67.2 7.5 189 7.4 70.3 9.9 135 7.1 .9 108 89 .7 70.6 1.2 5l
FEREM 41 6 53 6 57 70 L1 48 / ‘ / :
HLEN 3.8 80,7 5.0 52 5.6 .7 7.1 4 7.1 69.7 8.6 33 110 111 114 9 6.5 1.4 7.4 7
RT 2015 FEAMMAZRERMRE
Table 7 Intensity forecast errors of objective methods in 2015
24h 18h 72h 96 h 120 h
AR Tl B B A Ty B I AK Fiyrr Eh— W FAH Pl #H— S . Py EH— B A
mes ! /% mes! M mes /Y mes! . mes U /Y mes! a mes /% mesT! M mes b /% mesT! .
NCEP- R _ . R B B .
CFS 64.2 8.0 414 7.9 72.6  10.1 355 9.6 1.6 119 289 0.4 LT 12T 234 10,1 787 12.1 188
ECMWEF- R _ , R _ R . . R
IS 0.1 66.1 7.6 331 8.9 69.5  1L5 282 10,6 TL3 135 230 Lo 7.0 137 187 1.0 66.6  13.5 147
2 %@ 6.7 29.6 8.6 347 10. 4 0.8 12.9 296 12.3 2.6 149 246 13.5 18.9  16.3 198 1.4 588 161 158
Ml
i RS
ik 6.7 61.3 8.5 699 1.7 673 13.3 994 12,9 683 157 489
GDAPS 7.3 4.2 9.6 230 1.9 380 151 192 15,3 3.4 189 161 17.7 2.1 217 131 18.5 3.2 228 105
T639 6.7 63.0 8.2 16 9.7 .1 12.2 36 12.7 75.0 15.9 28 15.4 60.0 19.0 20 18.9 60.0 23.5 15
WA
Egg 74 61.3 9.6 331 1.4 646 13.0 283 12,2 681 154 232
)
" . :
o i 8.9 SL2 ILS 285 1.5 6L0  13.6 239 0.4 70,9 13.4 193
B g
ﬁﬁ; 8.3 59.9 10,2 439 1.8 645 141 367 135 66.7  16.0 292
R
GRAPES: R _ R . .
TOM 8.2 67.7 104 183 9.5 73.6 119 395 0.4 76.1 13.2 318
i
;Zl; 11 73.9 5.4 380 6.2 73.9 7.8 318 7.3 T 9.5 261
L
L#AR
BrRHE 5.4 7.8 7.1 489 7.9 73.4 9.8 415 1Ly TLT 140 336
WIPS
e Laa
EW RS
ik ;E& 5.2 70.1 6.8 379 7.6 75.9 9.6 486 8.6 80.4 10.8 403
B
LiEf
R
;g; 5.6 67.1 7.4 263 8.2 73.6 10.4 482 9.2 79.8 11.6 407 9.6 80.1 12.1 337 10.2 82.9 12.9 276
T 5
IN-F

275 108 B G 5 XU AR Ot THT B KRG, 1 [R]D 4R
F14 - 249 2 X R 22 | T A RS A — BRI 5 AR R 25 1Y

B, WA E 7L (CMA, JMA, JTWC #l
KMA) F= W ¥ 4z 7 24 (48 FI 72 hi JF 1141 1Y S
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7.6 F18.1m s ',120 h i B TRV 2 46 %R 2% i
I REIJTWC, 8. 9mes ', BT CMA . JMA i
JTWC % A 1ER 7R 6 KU B T 35 Y 7 3 R A
T 25 5 AE EAT RS BE U Z 0T, € &R WMO AH
Kl 55 3CHS (Harper et al, 20100 % & HLA 4 SCH Y
R 5 e iS5 CMA — 304 2 min -2 KU

B LA 5 1 5 R A A e 4 R R (R T
S E S R (FRE R4, 2012;201352015;
B ] R PR 2014, B8 T4 3k 1) o TR
PRIKSTATS A T K000 A X 5 B TR KO . 24,48 Al
72 b TR O 2 A 0 R 25 B /N 38 Ok T AR
M2k 4.1.6.2 M 7.3 mes ',

4.2 BEMMKITIES

2015 4, 14 ECMWE-IFS 43 B 7E 24 F1 48 h,
PL K NCEP-GFS 73 545 48 #1 72 h iR B 7 4f¢ 35 3
IR 5K (6 8) , He Ay 4 BRA 5X AE 4% 4R B 2 v
BRI R i F T 5 IR, A M EUEAE4S h
TR B B35 R I H Ay DX SRR 2 45 A TR B A
H TG X S T )T P B M 24,48
72 h i R TR 4 T 388 B 20 %6 DL b, WIPS 43
FIAE 24 F1 A8 h By 5 BE R TG R IE .

5 TC X il & Bk AL 5

2015 4F BB 3R E py A KU DL 49 TC
A5 A 43l i A KU B £0.(1508) (i & KGE
E(1510) (3 & KRl 2 (1513) M 5k & UL Y
52D ARG K I (1522), Ho, @k & KI5
W (1513) 65 8 bl 6 AL E AR A 75 H B &
JRUHE RS (1521) 46 Ji5 %5 il 5 V5 B 22 Ak g v 1

RS 2015 FEUMMAEERE
FRBEIT (R4 %)
Table 8 SKkill score for intensity forecasts

of objective methods in 2015 (unit; %)

Ji k2w 24 h 48 h 72 h
NCEP-GFS —8.98  8.97 5.29
ECMWE-IFS 5,79 2.30 —11.43
SR B = B —7.2 —10.87 —11.84
A S0 i —15.36 —30.35 —36.22
HE-GDAPS  —27.57 —48.96 —57.05

GRAPES-TCM  —39.49 —8.46 —7.62
WMARMWEME  —12.93 —10.90 —12.53

Sl 7N BUE —24.69 5.16  12.33
[ & Rt —47.63 —47.41 —69.18
iR 31.43  30.33  23.46
L & RBFIER 5.93 5.67 —20.17

Hoh 2 WL 3 WIPS
g B K5

fi foe /> — 5

F 9 RN 10 BB H T 2015 4E4 FMANE
T Tk 24 b Rl SR R 2% . WL TR O i
(% 9),CMA . JMA . JTWC f1 KMA %t 5 Nk &
IR 24 b SF- 34 8 Bl a5 TR 152 25 43 S0 Oy 54, 1,44, 3,
66.0 F1 79.9 km, PUASE AR T 1521 5 /58
£ UL B 78 5 85 22 R T E A 7 A 8 i Y T
ARG W 8 i ASR 25 ¥ AE 35 km DUR 1 A
1508 55 #AHF KR 5 F 1) 24 h BBl A T4 iR 22 3
A TF 100 km, Hor JTWC F1 KMA (1) % Jifi &5 W 4%
WEFFXRA T 270 km PL b X T & W HR 97 2
M5 AN ) B 7 7 22 T 1 8% il a5 T4 e ) A —
25 0E . 19 28 T 45 598 (19 % 42 TR g 7). ECMWE-
IFS Xt 2015 4% Ffi TC By 24 h %5 Bl 45 8 14 B4 5%
RTCEESE T 19 .24 h P EPEBE AR 2E 0 22,9 km,
XFF 1510 5 & WELL Y 5 bl SR 208 0 km, M
H AR B Bl S TR BE ) BB AR A R A
F XA,

R 2015 FEFUFMMAE 24 h BREATRIRES T (B4 km)
Table 9 The 24 h forecast errors of landing point of subjective methods in 2015 (unit; km)

aRGE 1508 1510 1513 1513 1521 1521 1522

RN A BEMAT I RES S ERCE¥ TR B IR
CMA 106.2 (23) 48.6 (22) 30.2 (2D 66.7 (20) 9.6 (19) 18.5 (21) 98.7 (24)
JMA 103.2 (23) 92.4 (22) 21.2 2D 57.7 (20) 10.8 (19) 10.8 (21) 13.9 (24)
JTWC 272.3 (23) 34.6 (22) 31.2 (21) 56.6 (20) 27.5 (19) 2.2 (21) 37.8 (24)
KMA 272.8 (23) 51.4 (22) 67.5 (21) 66.5 (20) 33 (19) 25.1 (21) 12.7 (20

T« A5 5 o BT Syl AR () AR X TC 8 [l I (8] 9 2 A ) 56 b R R

Note: Numbers in the brackets refer to the lead time relative to the landfall time of TC, unit: h.
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Table 10 The 24 h forecast errors of landing point of numerical weather prediction models in 2015 (unit: km)
SRS 1508 1510 1513 1513 1521 1521 1522
RN AT HEAT IR e AT BISIEE g v ERCHEE IR
NCEP-GFS 280.9 (23) 128.1 (22) B () B () 0 (19) 12.2 (21> 71.9 (21)
ECMWEF-IFS 29.7 (23) 0 (16) 3.1 (15) 74.3 (20) 4.9 (13) 25.9 (21)  22.8 (18)
ESE EATE Y 20.6 (23) A7) 34.5 (15) 4.4 (20) 30.7 (13)  18.7 (21)  12.6 (18)
F A Bl 33.1(23) A7) 51.7 (21) 24,4 (20) 0 (19) 2.2 (21) 47.7 (24)
& GDAPS B () A ) 59.5 (15) 48.3 (8) 28.3 (1) 35.3 (9) 5.8 (18)
TR E 330.3 (23) 227.4 (16) 9.1 (15 2.2 (20) 22.3 (13)  12.2(21)  36.9 (1)
. I N B A 305.3 (23)  14.9 (D 20.5 (15) 3.1 (20) 34.8 (13)  44.2 (2D 95 (18)
X 3ol A =X . o
b1 & KU 0 (23) 634.4 (22) 5.8 (3) B () A7) 56.7 (21) 0 (24)
GRAPES TCM B () 100.3 (21)  64.5 (21) 5.4 (20) 40.1 (19) 6.6 (21)  107.6 (24)
Tl i ‘Vﬁiﬁ{éjﬁﬂg ‘ A < ** >‘ ‘324 (22) 20.5 (15)  52.5 (20) 39 (19) 69.5 (21)  78.1 (24)
LA RURBRE R 261.3 (23)  31.5(22) 4.4 (2D 68 (20) 21.8 (19)  11.4 (21)  42.7 (24)

T CAYRORRRERAT 24 h BUROE Bl B FROR TC ZRREHT 24 h ] ICTIRES i 7 W FRm R H 58t S il g i)

Note: “A” represents the landing point that was not predicted at the lead time of 24 h, “B” represents there were no records in 24 h before TC landfall,

# 7 represents lead time was not worked out.

6 & it

AT 2015 A PH AL KV S TC & 7 6 B
N AR VIR B Bl s TUARORG BE AT TR LS B
AR iog (I

(1) CMA.JMA.,JTWC Hil KMA P44~ J5 i
FRATLAG FH A T E AL B e iR
22.0 km, [t 2014 4E(25. 3 k) B8 A%, Hirr, 52 fr iR
ZE/MJE CMA LGRS T 14, 1 km, HROZIE R0 T
18,5 ke, HAx YA 7 vk 1 8 A7 1 ¥R 22 B AE
20 km U I,

(2) PUASE I B AL AL, 24,48, 72,96 F
120 h 42 T4 1% 2% f /N 1 43 i o CMA (66. 2
km) JTWC(113. 4 km) ,JMA (170. 6 km) .JTWC
(242. 3 km) il CMA(328. 5 km) ; 4 BR #5150 J& 7% 1
1 B AE AR T L T AR R B 4y 2 BRBE 2L 24 .48 1 72
h B AR T4 158 22 43 0l 3B Wi 42230 50,100 A1 150 km,

(3) £ F LA L6 A2 TR J7 7 24 .48 A1 72 h
PRAR TR TG R I T IE TG KF-,

(4) CMA.,JMA . JTWC F1 KMA Py A~ 3= W 7 412
2448 F1 72 h 5 BE TR 14 ST 349 45 %) 1% 25 9 [ X [E]
WA 4.3~5.1.6.4~8.0 F 7.6~9.4 me«s ', JF
TR RE SR AE AT . & W7 G TR U7
P14 548 5 T 41 A AR K P AT s D T (A i JE AR 7K
o

(5) PUASE 7 WA ALA XTF 1521 5 /5 & K

FE B 7E 6 15 B 2% R g AT 0 A B Bl TR 3
B B BE S IR 2 FE 35 km LR, ECMWE-
IFS Xf 2015 41 5 AN 8Bl /5 AU 24 b8 il o5 790 4
WREWTE 30 km LR,
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