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Abstract; Based on the Tropical Cyclones Best Track Dataset for the Western North Pacific compiled by the
Shanghai Typhoon Institute of China Meteorological Administration (CMA), the positioning errors and in-
tensity estimation errors as well as the track, intensity and landfall forecast errors of the 22 named ty-
phoons over Western North Pacific and South China Sea in 2021 are evaluated. The verification results
show that the average positioning error of typhoons made by the National Meteorological Centre, CMA, in
2021 was 19. 7 km, which was 13% less than that of 2020 (22. 7 km). The average intensity estimation error
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was 1.4 m « s~ ', which was slightly higher than that of 2020 (1.2 m + s '). The average annual track
forecast errors of the official typhoon forecast agencies, global models, and regional models at home and
abroad have increased compared to the errors in 2020, and the average track forecast errors of subjective
and objective forecasting methods failed to have a continuous decreasing trend in 2012—2021. The mean
absolute errors of intensity forecasts of all forecasting methods have generally decreased to some extent
from 2012 to 2017, but did not show a decreasing trend in 2018 —2021. The subjective and objective fore-
casting methods generally performed well in forecasting the 24 h landfall points for the typhoons Koguma,
In-Fa, Cempaka, Lionrock and Kompasu.

Key words: typhoon, positioning and intensity estimation error, track forecast error, intensity forecast er-

ror, landfall point forecast error
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Table 1 Twenty-two typhoons over the Western North Pacific and the South China Sea in 2021
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Table 2 Mean positioning errors and intensity estimation errors of

the 22 typhoons by the official typhoon forecast agencies in 2021
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Fig. 1

(a, b) Boxplots and (¢, d) spatial distributions of (a, c¢) positioning error and (b, d) intensity estimation

bias of the National Meteorological Centre, CMA, for 22 typhoons in 2021
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Table 3 Mean errors (unit: km) of track forecasts by the official typhoon forecast agencies, global models,
and regional models at each lead time in 2021
. BRI/ b
RAK -
12 24 36 48 60 72 84 96 108 120 132
FRAGE  56.7(423)  88.3(383) 125.2(333) 155.2(290) 195.8(257) 231.1(223) - 298.8(164) - 353, 1(114) -

“In‘ HASLT  51.3(198)  85.3(427) - 160. 3(331) - 233.9(250) - 336.0(160) - 396.1(110) -

% JTWC 56.6(424)  89.3(399)  122.8(362) 160.0(328) - 249.2(258) - 328.6(187) - 414,9(137) -

fit .

1 BESLT  61.0(411)  97.9(376)  135.8(338) 167.0(301) 161.9(14) 256.1(239)  281.9(1)  340.6(182) - 429.2(135) -
FERLE - 83.2(330) - 136.6(276) - 210.5(220) - 293.0(169) - 399.9(127) -
CMA-GFS  74.5(291)  115.5(269) 156.5(246) 203.0(222) 251.2(200) 291.7(178) 353.0(161) 388.1(141) 462.8(127) 526.0(114) -

® NCEP-GFS  49.7(385)  74.4(360) 108.9(328) 148.1(298) 206.6(269) 273.5(243) 327.8(215) 378.3(187) 434.2(165) 529.4(147) 615.8(127)

}\

é ECMWE-IFS  42.2(195)  61.1(177)  89.7(158) 126.2(139) 152.8(122) 190.5(109) 228.9(94)  276.4(79)  324.3(69)  390.2(61)  396.6(51)

I(: UKMD-MetUM  49,0(205)  73.5(187)  104.2(171) 140.9(154) 176.5(135) 226.5(117) 281.1(102) 351.1(86)  375.1(72)  405.7(65)  436.2(61)
JMA-GSM 55.1(327)  95.2(299)  145.9(268) 205.2(245) 258.4(218) 320.2(198) 395.8(179) 448.3(157) 506.2(137) 536.0(117) 589.0(103)

X LA AER 5860194  82.1(177) 106, 1(159)  147.3(140) 204.8(128) 270.8(115) - - - - -

W CMA-TRAMS 47.6(195)  67.2(181)  93.3(166) 132.8(149) 167.4(134) 217.9(119) - - - - -

# CMA-TYM  59.3(404)  86.7(377) 118.6(350) 164.1(319) 215.9(288) 261.1(260) 326.3(225) 394.3(197) 463.8(171) 551.6(150) -

X GRAPESTCM 77.9(176)  107.2(167) 155.0(156) 209.3(142) 274.0(130) 333.5(119) - - - - -
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Fig. 2 Average errors of typhoon track forecasts over the years at (a, d) 24 h., (b, e) 48 h,
and (c, {) 72 h lead times by (a, b, ¢) official typhoon forecast agencies

and (d, e, ) global models and regional models
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regional models at (a) 24 h, (b) 48 h, (¢) 72 h, (d) 96 h and (e) 120 h lead times in 2021
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Fig. 4

and (f) regional model at 120 h lead time in 2021
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Table 4 Homogeneous mean errors of track forecasts by the official typhoon forecast agencies,

global models and regional models in 2021

K T4 it 3%/ h
12 24 36 48 60 72 84 96 108 120 132
[l A A% Bk /A~ — 278 — 232 — 179 — 113 — 80 —
+  h#RS%E/km — 77.6 — 134. 4 — 195.9 — 219.4 — 239.0 —
W HAAKLIT/km 77.3 126.0 184.9 213.5 239.9
il JTWC/km 75.5 130.5 192.5 225.8 245.3
W #hE A% )T/km 87.8 143. 2 203.3 221.9 245.9
Filk KA /km 78.9 125.7 185.7 213.3 231. 6
EEEE N 87 82 74 67 55 50 43 35 29 28 31
4 CMA-GFS/km 61.2 88.5 121.1 178.3 217.9 262.9 302.2 317.4 336.8 421.8 —
%  NCEP-GFS/km 36.9 53.4 78.5 121.6 153.7 213.1 279.2 343.0 409.4 554.2  483.0
¥ ECMWEF-IFS/km  37.7  55.7  85.5  129.4 160.5 212.7 266.8 310.1 351.3 416.3 373.5
X UKMD-MetUM/km  40. 3 62.3 90.8  140.6 174.1 216.7 271.0 346.9 368.1 389.9 435.0
JMA-GSM/km 40. 2 72,0 111.3 165.6 199.5 248.8 299.0 324.3 355.0 446.9 504.6
A [l REA %/ A 151 142 131 113 105 96 — — — — -
B b ABE km 60,9 83.5  104.2 140.0 189.9  244.8 — — — — —
% CMA-TRAMS/km  47.5 67.8  87.5 117.6 155.2  203.4
i’? CMA-TYM/km 59.7 82.9  113.7 147.6 199.7  259.3
GRAPES-TCM/km 79.4  108.7 152.8 209.5 273.7 328.8

VB 7 FRIR % TR T 15 A5 T I R A TR R A R 22 R

3.2 ESWMRIRE

P IR 22 AR 5 ISR S R R 5 T AT A
SHARAE T M EE G, — DMFEREGTHRALEA
B /N TR R 22 L 30 2 Al AR B AU L
B RS BRI BOR R H RN A B 5 T 41

TR RN Y CE R ,2014)

K&l 5a(AERFEA) FIE ShCRIFEA) By 6 MNES
TR RGN ES FHBETIRIRE . SESTHRA
G0 B A T 249 B A% AR 5% 22 T T4 IS 80 1 3 K T 3%
Wik . IMA-GEPS, UKMO-EPS #1 MSC-CENS
2 PR I UK B 5% 25 %5 Kk . ECMWEF-TFS, NCEP-GFS
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Fig. 5 Ensemble mean track forecast errors at each lead time by the ensemble prediction systems in 2021

(a) non-homogeneous compression, (b) homogeneous compression
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Fig. 6 Bi-directional quantitative analysis chart of ensemble mean track forecast errors and ensemble spread

at each lead time by the typhoon ensemble prediction systems in 2021
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Table 5 Sample sizes and mean absolute errors of intensity forecasts by the official typhoon forecast agencies,

global models, and regional models at each lead times in 2021

TR A 5k /
24 48 72 96 24
HAK  MAE/ A%  MAE/ A%  MAE/ HAK  MAE/ FEARL MAE/
/A (mes 1) /A (mes 1) /A (mes™ 1 /A (mes 1) /A (mes 1)
hih 5% & 383 4.4 290 5.3 223 5.2 164 5.6 114 5.5
+ H AR %7 403 4.4 291 5.7 215 6.3 131 5.7 91 6.1
;ﬂ JTWC 399 4.8 328 5.5 258 6.0 187 6.4 137 5.9
n HEILT 376 4.9 301 5.8 239 6.1 182 5.8 135 5.6
FHRLE 326 4.9 264 6.3 204 6.8 154 6.1 113 5.8
CMA-GFS 269 10. 0 222 10.1 178 9.6 141 8.6 114 8.1
& NCEP-GFS 360 5.4 298 6.2 243 6.9 187 6.6 147 6.8
}f ECMWE-IFS 177 7.5 139 7.6 109 8.4 79 7.9 61 7.4
i’? UKMD-MetUM 187 8.1 154 9.7 117 10.1 86 9.4 65 8.3
JMA-GSM 299 5.5 245 8.3 198 9.7 157 11.6 117 13.9
xR A R 176 7.6 140 7.5 115 7.4 — — —
#, CMA-TRAMS 181 5.8 149 8.2 119 8.6 — — — —
i CMA-TYM 377 4.8 319 6.0 260 6.5 197 6.8 150 7.9
A GRAPES-TCM 167 5.4 7.4 119 8.5 — — — —
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BARI R R SR G, BRI R XA X e, 5 2 T

it MAE 1 9] % — % A 19 2 CMA-TYM FI NCEP-
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Bl & & TR J7 2% 00 5 B T00 4 2 PR R AE Oy - %
TR RS 1 e K g 55 e 8 S R T e A g R B
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Fig. 8 Boxplots of intensity forecast biases by the official typhoon forecast agencies,

global models and regional models at (a) 24 h, (b) 48 h, (¢) 72 h, (d) 96 h and

(e) 120 h lead times in 2021
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Table 6 Homogeneous mean absolute errors of intensity forecasts at each lead time by the official typhoon

forecast agencies, global models and regional models in 2021

AR 2/ h

o 24 48 72 96 120
ARTE A  MAE/  [EA  MAE/ A MAE/ A MAE/  [MEA  MAE/
/A (mes™H  B/A (mesH H/A (mestH BH/A (mesH B/ (mesD
CEEE 12 271 4.8 214 5.8 165 5.4 101 5.5 73 5.4
& AARSRLRT 4.7 5.9 6.2 6.1 6.9
E JTWC 4.9 5.5 5.8 6.3 5.9
g HEAGT 5.4 6.1 6.4 6.2 6.5
T RLE 4.9 6.3 6.5 5.4 6.2
CMA-GFS 82 10. 4 67 9.8 50 8.1 35 8.0 28 5.2
? NCEP-GFS 5.8 5.9 5.6 6.4 6.4
If ECMWE-IFS 7.5 8.0 7.8 7.7 6.8
ifé UKMD-MetUM 8.4 10. 3 9.4 7.9 7.4
IMA-GSM 6.4 9.1 10.5 12.9 15.3
K kA R 141 7.7 113 8.2 96 7.6 — — — —
B CMA-TRAMS 5.9 9.1 9.1
i CMA-TYM 4.8 5.9 6.4
X GRAPES-TCM 5.7 7.3 8.1

T — 73RN % BRI TR %I04 I R TR R A B

5 B WU Rl R R IR 2

2021 AFIEA 6 A5 KU il 3 [ 6 Bl I 1) 25 )
& TS.STS M TY., HAp*/amrghli&E 3 .
“HEAE e 2 U /NER T AR T L [
LA K Bl P 1K

7N 2021 AT B PR | 4 B K
DX Ikt A 5 OB i AT 24 b oA 2 A Y P4 B A2 5
I 5 2 58 ARG T 15 LS P X5 il i 22 [ S B R

22 1Ml L < 4% FE UL AR A0 2 WL AR D7 35 9 24 h
B ROB Rl R 22 Fe /DI R SRR G (57,6 km) L it
S SR G G X MR AE A W VT 1 B U8 R 19
24 h B RS HERIRZEMN 3.1 km, HIJ5 & KNHHR
BIURE X K AL T W VL L R U8R Bt ) 1) 65 Bl i 41
e DG T DIl ORI A R S, A% T LR A 2 0
P Ty 95 3 sk Xk /0N BV AE T R B K LM AE T AE WD
S AL MA R TE T AR B U LR R R A T
19 T 1) 8 ol A L
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Table 7 The landfall point forecast errors (unit: km) at 24 h lead time by the official typhoon
forecast agencies, global models, and regional models in 2021
R NS JHAE JH AL A Ik A Ik W51l [53] HE
an (2104 (2106) (2106) (2107) (2109 (2109) (2109 (2117) (2118)
BB TS TY STS TY TS TS TS TS STS
B il a5 WK WOLRIL RV R RISk RERILD AEHN BEEE  #BRE
hRsLE 51.7 57.6 3.1 13.7 28.8 47.3 18.7 43.9 14.6
i HASZ)T 41.3 43.9 19.6 2.2 53.5 69.9 59.4 41.0 113.5
i JTWC 35.7 79.7 2.2 7.9 16. 8 33.4 36.5 42.4 29.5
1 wiESIRT * 58.9 37.3 54.0 5.8 23.2 72.5 43.8 29.5
FkRKXE 63.1 54.1 13.7 10.5 83.7 103.6 66.8 14.6 45. 8
NCEP-GFS 18.7 122.5 2.2 54.0 119. 3 140.0 96. 3 15.6 36.7
® ECMWE-IFS * 121.0 2.2 11.2 86.2 106. 2 78.8 47.1 19.0
I}ﬁjf CMA-GFS * * * * * * * 93.8 7.6
= UKMD-MetUM 9.1 115.6 12.4 0 79.1 98.6 34.5 14.9 80. 3
IMA-GSM 15.9 109. 5 4.4 39.7 49.8 66. 3 71.5 53.5 5.4
X CMA-TRAMS 69.1 118.8 7.3 22.6 60.0 77.6 40. 3 35.1 2.2
Ja, CMA-TYM * 135.4 7.6 23.4 124.3 145.0 104.5 0 72.9
s GRAPES-TCM * 38.9 111.2 11.8 120. 5 141. 3 122.7 48. 8 #
N A XA * 117.4 9.6 * 94.7 114.9 144. 3 15.7 24.3

T 7R B KO BT 24 h PIZ TR 7 3 B0A BUR B = 73R 1% 07 1% B0 A TR 6 el A

6 45 i

AT 2021 A PG AC K- M r i B XU E 7
E SRR B R A 5 R 8 B TURORS B R AT T
L BRI

(1)2021 4, 42 451 38 5 A FE 8 1% 22 Fie /D 1Y
HHRRRE AR E AR 22 (19. 7 km) #2020
(22,7 ko) D 13060 AE -2 E IR 22 (1.4 m »
s D 2020 4E (1.2 m+ s DB,

(2) 3 4 (2012—2021 48 ) 3= W T 4R F1 % 00 7
7 % ) B AR TR T 289 1 22 A 2 BRI/ 1)
P, 2021 A E T 6 KA AL L 42 3R 2 S IX 8
R 1 4 4 A% TR - 3 1R 25 35 2020 AF A TR
X I CMA-TRAMS £ Hi 4 B 2k (12~72 h)
PEAR T P 2R 25 fe /. 4 BROBE XORD X AR 5K
120 h Wi A2 1R 25 EE i T X 2102 5 H 3R G R
B FE 0 B AR U o A S A g L DA K 2119 B R
JRURE T %) 6 A T 4T 4 5 00 O 12 LAl 70 325 J0 1)

(3) ECMWE-EPS. JMA-GEPS, UKMO-EPS
F1 MSC-CENS 47 Hi 235 1 2021 48 & KU A2 4l
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