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The Analysis of Characteristics and Forecast Difficulties of
TCs in Western North Pacific in 2020

ZHOU Guanbo LIU Longsheng DONG Lin WANG Qian XU Yinglong

National Meteorological Centre, Beijing 100081

Abstract: The characteristics of TCs on Western North Pacific in 2020 are analyzed by using the best-track
data, CMA operational forecasting data, ECMWF ERA-Interim reanalysis products and NCEP RTG_SST
data. Results show that the number of typhoons and landing typhoons were less and the strength were
weak in 2020. The generating locations were inclined more westward. The stage and group characteristics
of typhoon activity were prominent, and the features of offshore rapid intensification (RI) were obvious.
Estimations of track errors in 2020 show that there were some decreases compared to those of 2019, with
the error values of 70, 117, 169, 222 and 276 km for the forecasts with 24, 48, 72, 96 and 120 h lead
time, respectively. The strength errors were 3.9, 5.1, 5.5, 6.2 and 6. 3 m » s~ ' for the forecasts with 24,
48, 72, 96 and 120 h lead time, respectively and decreased a little compared to the errors of 2019. The
24 h errors were less than 4.0 m * s ! for 4 consecutive years. In addition, the forecast difficulties in 2020
lie in that, first, the strength forecast of RI TCs off-shore, and second, the strength forecast of typhoons
going northward after landing.
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Fig.1 (a) Variation of the annual TC formation
frequency from 1949 to 2019, and (b) the TCs’
generating location in 2020 (®) and origin
distribution density in 1949—2019 in Western
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Fig. 2 The tracks of TCs making
landfall on China in 2020
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Table 2 Statistical comparison analysis of typhoons Bavi, Maysak and Haishen

= 8 5 & M R 95 HEMED 10 5 & R
A A /BT 8 H 22 H 08 mt 8 H 28 H 17 1} 9H1H 20
A R AT s /h 132 168 156
i A X AR A R R A R
N § l[lx JR = [=} [=}
B MU B D (14 %% .45 m+s 1) (16 .52 m=+s 1) A7 %%.,60m=+s 1)
. ) e - 22 b B VI i [ DG o M E TR i [ DG o R TR
5 i 1 s iR
R a R NP N
AR AL X (g b 1] 8 7 27 H 11 B, 95 3 H 13/, 9 J1 8 H 03/,
Hh o5, B LT PR B B KR ORI, B KR TAREN R T, B R
BRI FEAILEE N 9 97 5

i B mrE] /b

8 H 26 H 08 % 28 H 06 it

9H2H20m%E4H 17 1

9H 7 H 05—10 i

KR £ WA ] (46 h) (45 h) (53 h)
S VA AR o8 T AE WS T I A
RIS Bameer0s)  SERMAARRIE  mamesilom
o e 138 mm 222 mm 168 mm
SR WA /mm AT 5 A A B CE MBI T 1)
¥ RE K it /mm 35 54 45
S A AR AE Gl #50 /A4 1 49 14
0 2 1

W DT LA Gl s O /A




512 A

% 548 %

G MUEL B L 3% 95 g I i i 2 2% oy R Y 2R L
M X 52 M) DX 3 B B o 22 [ 50 TR A
SRR AEL A0 i S B A T PR R RO B AR
SE I EL R g B S 5 A JE . 3 > B WU 255 iR 7R L
M DXy B EEER AT S B BRI 7)) L R A2 B g
H A T S AR e T i 2 o 78 v e CBH 26 g 1)
17 UG A0 ¥4 o 23 74 DX 1 36 ) 52 0[] I £ 5 XL
AR ALt A A A D R P XS

IR 3 A B KA I [ O 230, R R 3R 8
HRGWBE M. HREX 3 A5 K43 E R
K 19 5 M0 S0 8 A [ o JRE A 5 I TR A XU R 52 o A
JEWAFAE W] R 22 5 o IR X T X 26 b | B XA P 4R
HE S T B 5 KUY B 4 5 05 1) 2L R XURI PR A 40 4
Pl .

X 500 hPa & B3 (& T AT RLUR L. “ 1
JA 5 VA 4 g S o R L YA R AR L R A

60°N ) —
e
50
201
40 ~2

30 I

ARSI rf#/

AR FEEEE XA AR BT TR ERAR
JRUAS A (45 B TS il 35 O L 2 B e W 9
XEPREE AL+ F2 20 XURT R IR i 1] 1 & XU A I PRk
X 3 1] P 582 W AR 50 /0N 32 B ) 5 XL 2R TR AR T
e — 0 A T ) BEL 2 v TR SR T ARG
Wt DY AU 1) 2R A% A0 AR P RGO 8 5 1 A
PR 1) AL T A L A A AT XU R
M RFZE . TSR0 70 52 i [ AR AL 9 1) H 2R 0 )
L 2 g s A AR W 00 g 2 98 i 5 HG O B R A
YRR 85 I [R] I e 2 B BT P XU 3 o e X
bR 3 W9 T A ) SR v e i e Y
AR A B 18] (9 XURT R0 o

TN ERERREENZEFBSRHT 34 E
W AR AL DX R S i 2 A AR R 22 5 . N2 AR
SrHY K IRGE R (B 8) R . & KU g A A Bl 2 58
b b . — H 2B BT R

20 “}\ < Z?wé‘ S?// |
10 AN 5 T o 1

80 90 100 110 120 130 140 150°E

80 90 100 110 120 130 140 150°E

(U |
80 90 100 110 120 130 140 150°E

Bl 7 2020 4R E R 8 A 27 B 20 B, (b)3558 9 H 3 A 14 i, (#1958 A 08 it
f¥) 500 hPa {3 35 BE (S5 fH LK . 547 dagpm) il 200 hPa 2 (B )
Fig. 7 The 500 hPa geopotential heights (contour, unit: dagpm) and 200 hPa jets
(colored) for (a) Typhoon Bavi at 20:00 BT 27 August, (b) Typhoon Maysak
at 14.00 BT 3 September, (¢) Typhoon Haishen at 08.00 BT 8 September 2020

55°N

50
45
40
35
30

55°N —
(

50

45

40

35

30

0Tt an ol

300 kg - m! - s

— 1 [T
50 150 250 350

T
450 kg -m™-s!

—— [

105 110 115 120 125 130 135 140 145°E
300 kg -m'-s!

[T—
500 600 kg-m'-s!

300 kg -m'-s!

100 150 200 250 300 350 400

8 2020 FE BN 8 J 27 H 14 i, ()XW 9 7 3 H 14 W, (M 9 A 8 H 02 iy
HeZ B KR B

Fig. 8

Integrated moisture {lux of the whole layer for (a) Typhoon Bavi at 14:00 BT 27 August,

(b) Typhoon Maysak at 14:00 BT 3 September, (¢) Typhoon Haishen at 02:00 BT 8 September 2020



LR

Jo S 1 45 - 2020 4F PG Jb R 9 B UG B 45 0 AT 3 A5 20 A7

513

R S RARBETTRA BORE R JE R AN
FER R BE 3K 95 20 1 DR AUAF7E T B 0 IX Y
BN Y A% 0 XS] LA AS ] 5 J3E A 1L 1Y
DXL B e — A B KL T B AR AR R K
AN 5 KUKALAEAE T o 0 X &Rl Sz
B R P L L st FEZ ) BE 88 1 e T i i B2 AR
PRV 557+ B0 AR AR N o T S 5 e A AR L i B
P B L JRURRT 52 0 K 2 222 PR O - D S8 965 Jol il 4%
70 TR PRI AH 6 3 8 36 95 %6 1) s 8 X g 23 G KL
PRI 90 moe s KPR I T S R AR R A
AT 305 50 BE AR AL ) 98 B 4E 45, BT S8 vb v
Xt AR AL b DX 0 B K 5 % S 7 5 B9 A2 P B B
M8, P RZ R ERA L RZ G KR TR 2
A oY (5 2 el W R B = 2 S | P S Ll R = A
SR MEEA IR VRIS o TR AR E KON
=R R i S S el 1 Y P B A B =
DR 2R 1t 3t X PR IR 52 00 * 58 95 o 7 B 5t o P A7 I
Z o B AR f 5

K9 R T & RE B L 36 ¥ o AT i) e A
7 () 2 B ] 30 28 o A8 Al e AR 3R 1Y) 2 e A )= AR
IS B A AR 1 S S A X Bk P 8 8 1 9
TR U 8 A P s R R T S 90 R
ST HBIE R M AR Y A A R T e AT AE R L
F1% 5 2 24 5 11 XU R 572 ] ) 47 255

B EE XM RIARGEW E 2. Al
XFFIx et b G KR P AL A P A TR A
kel = A WAN TS REOR (R A 1 4 B A AL | A
£ WA 5 B2 TR AS B 1 A R 7 B ORI
23 PG XS AR T2 KRG A 23 A 55 A1 P A
55 5 RTE] F) AR HL R W G A R IR ABESE . B S i 2
58 % Frax 2Rt E G KU T4 22 5 11 A ER RTBL BEIA R

e

1 g Hite

4.1 BREINHHE

2020 4F, fE P ALK PR AR 3L A 23 S X
PRI B AR B E AR A 4 A4 o 5 A B XUE 3R [
TR Bl S i B WA B Z AP > 2 4. &
DA J AR5 A S0 2 5 O 55 5 15 XU RS 1 3 fv
V5 15 AUTE 3l B [ BEYE 30 5 PR AR A0 2 0 0 v R 3
T AL A

4.2 ARWHRIRE

24.48.72.96,120 h & KU 72 Bl % 22 53 5 A
70,117.169.,222.,276 km; £ I} &5 1% 22 ¥ 58 2019 4§
B, AN, 24.48.72,96,120 h & KU B i
WA RGR2ZE /9 3.9.5.1.5.5.6.2 F1 6.3 m
s 1B 2019 AEA B RIS/ 5 24 haRZEIELL 4 RN T
4.0 m s "o R PRE G R G XU TR TR B A
55 IR ZERK

4.3 ERTRMES

2020 4Ff 32 B B WU R E £ A5 PS5 T
— o P [ AT R R 5 5 XA 5 R A ), R
B BB S B SR R R R . B KU R EL
HAE A% - B R PR R AL AR L e B K™ A B X
WX HREZHEA K. T 6 XA ST A1
SEANEVL B Ji i A vp A2 2% 1 22 ROBE AR HL AT AN
e Bl SR AR (A AT T 0 B XUz Sl LB A A2 15
T7 s KM R S A A5 B AR Ak 6 il A A ik
T o 8 il i 1 S DR A R AL B 5 1) 2 R A 55
77 T A BRAR AT 20 AR ke X SRR 1 5 X
PR A I3 5 R T R 55 3808, i) g o

60
(a) o 701(b) 701(c)
50 60 - 60
BA01 RIS B = ig BBl & Zg TAFRIE A AL
5 ¥ £ 30 £ 30 ~
& 20 & 20 = 20
= = =
& 10 § 10 & 10
_ R A% > - FRIERZ > - A
10 CHARIE A0 20 R 1% 0 50 FRIEAZ O
-20 -30 -30
—250 150 50 50 150 250 ~250 —150 50 150 250 —250 150 50 50 150 250
HEARE BRSNS B HEAR R BRSNS B AR R BRSNS B
B9 2020 4E & X () BB (b) 32 95 58 Rl (o) T it Y “CIRE AR 25 (7] 2 50 ) 3 A

Fig. 9 Time evolution of cyclone phase spatial parameters of typhoons (a) Bavi, (b) Maysak and (¢) Haishen in 2020



% 548 %

2% Uk

PRI 5 2006, FAAT SBEMF 58 AL 45 TR BEAR 19 R TR LI ). R 5%
1% ,17(6):672-681. Chen L. S,2006. The evolution on research
and operational forecasting techniques of tropical cyclones[]J]. ]
Appl Meteor Sci,17(6) :672-681(in Chinese).

WRIBE 77 . 2007, 5 Bl PRt OB 2% R 10 A S8 RN LR CC 7/ 465 -+ U i 42 [
P R ie . B P E ARG ¥ 437, Chen LS,
2007. Research and forecast of landing tropical cyclone rain-
storm[ C] // The 14th National Symposium on Tropical Cyclone
Science. Shanghai: Chinese Meteorological Society: 3-7 (in Chi-
nese).

BRIE A T 310, 1979, V4 KP- ¥ & XA e LM, B4 Ak, Chen L
S,Ding Y H,1979. An Introduction to the Western Pacific Ty-
phoon[ M]. Beijing; Science Press(in Chinese).

PRI BT B, 450, 2004, B RGBT X I LT ). AR %%
2 ,62(5):541-549. Chen L. S,Luo Z X,Li Y,2004. Research ad-
vances on tropical cyclone landfall process[J]. Acta Meteor Sin,
62(5):541-549(in Chinese).

WRIK 4, o 0 5, 200 1. & W R SBERT 58 4R e L) . KRR, 25
(3):420-432. Chen L S,Meng Z Y,2001. An overview on tropi-
cal cyclone research progress in China during the past ten years
[J]. Chin J Atmos Sci,25(3) :420-432(in Chinese).

VI 5 R A8 LA4% . 45,1997, & R iE 3 B A KA R e
R AE XS FR G A B0 R RN LT ). AR %, 21(1) : 83-90. Chen L
S,Xu X D,Xie Y Y,et al, 1997. The effect of tropical cyclone
asymmetric thermodynamic structure on its unusual motion[ J].
Sci Atmos Sin,21(1):83-90(in Chinese).

TG ER L BERK DY L 5, 1977, il R A X 2 B KR I R R 1Y
BB I]. KR ,1(2):89-98. Ding Y H,Fan H ], Xue Q
F,et al,1977. A preliminary study on the simultaneous develop-
ments of the multiple typhoons in the intertropical convergence
zone[ J]. Sci Atmos Sin,1(2) :89-98(in Chinese).

HOPK L AR A B L 45 L 2019, 2017 AEPHJE KPR B XU Sl AR A
TR 5 3 ML) ], K%, 45(9) :1322-1334. Dong L, Gao S Z,Xu
Y L, et al,2019. Analysis of characteristics and forecast diffi-
culties of TCs on Western North Pacific in 2017 [ ] ]. Meteor
Mon,45(9) :1322-1334(in Chinese).

Sty SC S WREK L R T L 2L 2014, B RUBS B R S 5 R A8 A Y 1 o 2k
JRL)]. K44 .72(5):969-986. Duan Y H,Chen L S, Liang ]
Y, et al,2014. Research progress in the unusual variations of ty-
phoons before and after landfalling[ J]. Acta Meteor Sin,72(5) :
969-986 (in Chinese).

St SO WRIE T L VR L 45 2012, R [ & R Ml D00 99141 0 R R A B
AR BRI, e TR 14(9) :4-9. Duan Y H, Chen L S,
Xu Y L,et al,2012. The status and suggestions of the improve-
ment in the typhoon observation, forecasting and warning sys-
tems in China[ J]. Eng Sci, 14(9) :4-9(in Chinese).

Ui S R AL A 2005, Bty A SR BE AR R P i R (T ). R %
4% ,63(5):636-645. Duan Y H, Yu H, Wu R S. 2005, Review of

the research in the intensity change of tropical cyclone[ J]. Acta

Meteor Sin,63(5) :636-645(in Chinese).

BRI, T /NER 22010, FREE 3 0 1T W B SE I 4R 1Y 5B 5 59K R 5
SEMR X LA B L)), A AR AE M 26 (2):129-137. Huang R
C,Lei X T,2010. Comparative analysis of the influence of envi-
ronment field on rapid intensifying and weakening of tropical cy-
clones over offshore waters of Chinal[J]. ] Trop Meteor,26(2) ;
129-137(in Chinese).

A, BRIR S L B A L 2007, B & R I 4 Th ROBE R & R I R 4B R
JELCT/ %51 DU 4 E i OBERH A i 2. Bl h AR
£5.:45-50. Li Y,Chen L S, Qian C H,2007. A study on meso-
scale system activities in typhoon remnant[ C] // The 14th Na-
tional Symposium on Tropical Cyclone Science. Shanghai: China
Meteorological Society:45-50(in Chinese).

AL WRIE AR Ak L 20040, B Bl O AUNE R A G 45 SR 0 T Y
KRR AFAELT]. R 24 .62(2) :167-179. Li Y,Chen L S,
Wang ] Z,2004a. The diagnostic analysis on the characteristics
of large scale circulation corresponding to the sustaining and de-
caying of tropical cyclone after it”s landfall[J]. Acta Meteor
Sin,62(2):167-179(in Chinese).

AR BRI AT 5K IEZE L 2004 b, B B FR 1 B AU A SE TR AE LT ] #R
HES g 2 90(1),14-23. Li Y, Chen L S, Zhang S J, 2004b.
Statistical characteristics of tropical cyclone making landfalls on
China[ J].J Trop Meteor,20(1) :14-23(in Chinese).

ZEVENE IR B VR AT IR L AL 2020, R R R B B KB 55 1 R TR K
)] KRR ,43(1) :10-19. Li Z C, Zhang L, Qian Q
F.et al, 2020. The development and consideration of typhoon
forecast operation of National Meteorological Center[ J]. Trans
Atmos Sci,43(1):10-19(in Chinese).

B ,2006. & X AT TR A LA R ELC /56 275 WA IR &
WL i DRI B A ) B % B 9 R SR A AR 8 43 i 4R
. Luo Z X, 2006. Several problems of typhoon predictability
[C]//Invitation Report of the 275th Xiangshan Science Confer-
ence Symposium on “Scientific Problems of Landing Typhoon
and Countermeasures for Disaster Prevention and Mitigation”
(in Chinese).

Ot VEM I, #AR L 5F, 2021, 2018 AR P AL K- 6 KU B AR E FI
BRES ()], R4 47(3):359-372. Lyu X Y, Xu Y L,
Dong L,et al,2021. Analysis of characteristics and forecast diffi-
culties of TCs over northwestern Pacific in 2018 [ J]. Meteor
Mon,47(3) :359-372(in Chinese).

B R+ 2007. 0604 534S RS R RBE R 563 5 5
RELCT /551 D0 4 A SCRE R 2 2. o 2
4%:204-206. Qian C H, Chen T, 2007. Characteristics of me-
soscale system activity of No. 004 severe tropical storm Bilis[ C]
// The 14th National Symposium on Tropical Cyclone Science.
Shanghai: China Meteorological Society:204-206(in Chinese).

Xk, Elsberry R L, F K% %, 1998, it e I2 8l 9 8l ) 2 BF 52 F
JELT]. KSR ,22(4) :535-547. Wang B, Elsberry R L, Wang
Y Q.et al,1998. Dynamics in tropical cyclone motion:a review
[J7]. Sci Atmos Sin,22(4) :535-547(in Chinese).

EFF ARV L 55 L 20210 2019 AR PG L KPR B XU 3l R AE



LR

Jo S 1 45 - 2020 4F PG Jb R 9 B UG B 45 0 AT 3 A5 20 A7

(921
—
wul

AR ME 470 ], R 42 .47(8) :1009-1020. Wang H P, Dong L,
Xu Y L,et al,2021. Analysis on the characteristics of typhoon
activity and forecasting difficulties in western North Pacific in
2019[J]. Meteor Mon,47(8):1009-1020(in Chinese).

ok 55,2004, B SR 58 h 9 LA s i 2 B LCT )/ %+ =
JA A E RN R IR S Bl P EARR%ES. Wu R S, et
al,2004. Several dynamic problems in tropical cyclone research
[C]// The 13th National Symposium on Tropical Cyclone Sci-
ence. Daishan: China Meteorological Society(in Chinese).

R Ik F5 2, R4, 45, 1995, BT AT A B 3 64 bR oE BF 5%
[J].5%.21(5):9-13. Yan ] Y, Zhang X Z,Chen Q J.et al.
1995. The standard of rapidly intensified tropical cyclones[]].
Meteor Mon,21(5) :9-13(in Chinese).

PRAEAE TR PEZE . BRI A7 55 . 2004, 15 IR IR TE WER I B % JHC 35 91 1% 46 )
JIERHE 2 W A L) ], IR B 2440, 47 (1) £ 33-41. Xu X D,
Zhang S J,Chen L S, et al,2004. Dynamic characteristics of ty-
phoon vortex spiral wave and its translation;a diagnostic analy-
ses[J]. Chinese ] Geophys,47(1):33-41(in Chinese).

K PRLL . 2004, Winnie & KOS IR EE (9 A4 BLAE ILC /7 55+ = 42 [ #4
AR R S I R E AL 2 Zhang Q H, 2004, In-
teraction between binocular walls of Typhoon Winnie[ C]// The
13th National Symposium on Tropical Cyclone Science. Daishan
China Meteorological Society(in Chinese).

Chan J C L,2000. Tropical cyclone activity over the western North

Pacific associated with El Nifio and La Nina events[J]. ] Cli-
mate,13(16):2960-2972.

Elsberry R 1.,1995. Tropical cyclone motion[ M| // Global Perspec-
tives on Tropical Cyclones. Genéva; WMO;106-197.

Gray W M, 1968. Global view of the origin of tropical disturbances
and storms[ ] ]. Mon Wea Rev,96(10) :669-700.

Gray W M,1975. Tropical Cyclone Genesis[ M. Dept of Atmos Sci,
Paper Bo. 282. Ft. Collins: Colorado State University:121.

Harr P A,Elsberry R L,1991. Tropical cyclone track characteristics
as a function of large-scale circulation anomalies[]J]. Mon Wea
Rev,119(6):1448-1468.

Li Q Q.Duan Y H.,Yu H,et al,2008. A high-resolution simulation of
Typhoon Rananim (2004) with MMS5. Part I: model verifica-
tion,inner-core shear,and asymmetric convection[ J]. Mon Wea
Rev,136(7):2488-2506.

Peng J Y,Fang J, Wu R S,2004. The formation mechanism of con-
centric double eyewall typhoon — part [: dynamical analysis[J]. J
Meteor Res,18(3):301-312.

Kaplan J, DeMaria M, Knaff J A, 2010. A revised tropical cyclone
rapid intensification index for the Atlantic and eastern North Pa-
cific Basins[J]. Wea Forecasting,25(1) :220-241.

Zhou X J,Luo Z X,Gao S T,2006. Two possible mechanisms for vor-
tex self-organization[ J]. Sci China Ser D:Earth Sci,49(2) ;:202-
211.

AR SCTT G - A BE VO



