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t: A on the operatlonal real-time typhoon data of National Meteorological

Ab
Center an er sources of observations including the ERA-Interim 6 h reanalysis data from the
European Medium-Range Weather Forecasting (ECMWF), we analyze and review the

main character hoon activities in the Northwest Pacific in 2022. It is found that in 2022,
the characteristics of typhoon activity were obvious in stages and clusters with the genesis zones
being northward and westward, and the number of typhoons landing in China was still relatively
less, which is similar with the typhoon numbers since 2019. However, the typhoon intensities in
2022 were stronger than the average. The forecast error analysis shows that the track errors mainly
came from the initial stage of typhoon generation, the combination of typhoon and westerlies, and
the period of multiply typhoons or low pressure area activity. Further analysis of the forecast
difficulties of the typhoons Chaba, Muifa and Hinnamor reveals that: (1) The continental high and
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upper-level jet in the north of Chaba at the early stage of its generation was the key system leading
to the long-time track adjustment of Chaba. (2) The track errors of the Muifa after landfall were
due to the deviation of the models’ forecasts of the steering flows. (3)The track and intensity of
Hinnamor were complex, and China Meteorological Administration (CMA) made forecast
deviations in the rate of its rapid intensifying and weakening, intensity fluctuations because of its
unexpected changes in structure and size.

Keywords: typhoon, activity characteristics, forecast difficulties, rapid intensification
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Fig. 11 FY-4A visible imagery (0.65 um) at (a) 14: 00 BT us 8:00 BT September
2022
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5 September 2022

Sk ' e
LERS . Co ~K
R . . T ; .
[N . * by 3 2
\\ . s 6S(2019) 3082 \ .¥ /} ) GS(2019) 3082

100E 110 120 130E 140E 150E 160E 100E  110E 120E 130E 140E 150E 160E

4 w5t

X 2022 PG ALK AT R I B X
/N

IINTRLEGS, EEEEE

RAERCT 20° N BUE, FEFFER; &

HTRY, ARG RKERPIY. &SR SR ULZ G X (K
JERORRCTIEL ) RPHRIRZRR: WRENMR LF, GRBEIRERTRIIRE; WRE
Jitif, BRAETN D ) SEOL RN ;- 32 ) 500 L AR AR ZE RS T 9B BE R A, B R pR
o o B A PR R 5 B

BE—IDXE GRE” ML “HRIET 3 NG BT R AT AL OB “E e
A PRy S v T S SO T A 22 7 3 S50 ST A T 0L R 2 1) 2 L R, mT DA
KA T S A I8 AN OB 2R S8 1001 55 22 T77 THI ) AR FHEE ) T gl 220647 ST IE; @ “My
67 B EE Bl e Bl b T Al 22 A A 5 5 3 R I IR A 22 T 25 A AN B g 23 A 24
WIS REA TR, 0T 9 s & MR R AR 2B BTk © “FrKiE” 1)

FEARMIR AL E A, RS R AR A ARSI 5 . e FFAR “v7 BB R4
18



TR P AR B S (E R BRI T 55 AN RS 55 (RT3 2 | S5 4384 3 B 55 B i s A RUE AR
MRS D5 T TR M 22, IX AP AR 2% & UK HE B TR M T 65 LR 5 T AR T 7 BUAS-32E R A3
TR 5 G5 R4 RS AR TR BE 0 (4R T

BEAh, 2022 4G RIUHR PIEAFEA D TR ME RORRRA L AERRAR TR T, RS
FEX D etk ” SR8 R EUNE A [ TR BOAEAT T BRI 534,
TR A A XN SR W R BR OR ZROK, A SCIR TR R R BA g R
IR, FEARRIT SR P T FESREETUR TS i, BARTUHRAER R T AR, (Hik
SRR (I TR IGE & MR R S LA AR, DAk 2 RUEAM k&,
RAEAH R U A U0t e I L TSI Br Foidfe » & MU TR & HRKE
Bk

19



S0

], i, PUTERE, 4%, 2018, B MIBTERR AT S I R S D] AR
2¢4%, 29(1): 35-44. Cao L, Gao S, He Y N, et al, 2018. Development and application of
typhoon and marine meteorological integrated operational system[J]. J Appl Meteor Sci,
29(1): 35-44 (in Chinese).

Mridrs, AQT), R, 55, 2020, £ T 282 QPF flE i & X BT TR 5 A0 BRSO BI 78 22 8
R[], A%, 46(10): 1261-1271. Chen B Y, Dai K, Tang J, et al, 2020. Research and
application experiment on post-processing technology of typhoon rainstorm forecast based
on multi-model QPF fusion[J]. Meteor Mon, 46(10): 1261-1271 (in Chinese).

WRICE, i S, RWNAI, &%, 2012, & XTIk LK F ML dbat: SRR, Chen L S,
Duan Y H, Song L L, et al, 2012. Typhoon Forecast and Related Disasters[M]. Beijing: China

Meteorological Press (in Chinese).

M, EEEE, YO, 25, 2019. 2017 SFEFE LAV G R S AE AT AR,
45(9): 1322-1334. Dong L, Gao S Z, Xu Y L, et al, 2019. Analysis of ¢ i
difficulties of TCs on western North Pacific in 2017[J]. Meteor
Chinese).

EEAE, FEAK, VPR, 45, 2018. 2016 FEFE ALK A X
44(2): 284-293. Gao S Z, Dong L, Xu Y L, et al, 2018.
forecast difficulties of typhoons in western North Raci
284-293 (in Chinese).

R, K, AT 25, 2020, POV TRE BB I R EHD]. KRR,
43(1): 10-19. Li Z C, Zhang L, Qian 0. The development and consideration of
typhoon forecast operation of National Me ogical Center[J]. Trans Atmos Sci, 43(1):
10-19 (in Chinese).

B, HoTE, WU, &,
%, 33(11): 49-57. Lu Y
0604 Severe Tropic

characteristics and
eteor Mon, 44(2):

A0 2 B 52 S AE AL ).
et al, 2007. The maintaining mechanism of
influence on Yunnan Province[lJ]. Meteor Mon,

oL, AT

47(3): 359- Y, Xu Y L, Dong L, et al, 2021. Analysis of characteristics and forecast
difficulties of TCs over Northwestern Pacific in 2018[J]. Meteor Mon, 47(3): 359-372 (in
Chinese).

Bk, win L%, WRERAL, 45, 2012, FRE G RO BUR & HOCREAR D). RAE R, 2(5):
36-43. Qian CH, Duan Y H, Ma S H, et al, 2012. The current status and future development of
China operational typhoon forecasting and its key technologies[J]. Adv Meteor Sci
Technol,2(5): 36-43 (in Chinese).

Bofbifg, BA5UR, PRE, 2009. 5L “EAET 9BFEKE) Mcs HUARIBTEN]. IR, 35(4):
11-19. Qian CH, Lu X J, Chen T, 2009. Numerical simulation of heavy rainfall associated with
Severe Tropical Storm Bilis[J]. Meteor Mon, 35(4): 11-19 (in Chinese).

B2 5, sKIE4E, 2022, FIM"7 « 20" B/ RS AALRHIE A 32 B R 3 A 0], AT R 2 223k (A

20



SREERR), 50(5): 1-9. Ren H C, Zhang H D, 2022. Refined features and main causes of “7 * 20”
rainstorm in Zhengzhou[J]. J Hohai Univ (Nat Sci), 50(5): 1-9 (in Chinese).

ThE, #AK, 2022, 2022 F 8 H RAHRAKSA D). AL, 48(11): 1487-1496. Wang Q,
Dong L, 2022. Analysis of the August 2022 atmospheric circulation and weather[J]. Meteor
Mon, 48(11): 1487-1496 (in Chinese).

Th, Befbi, EAR, 5, 2023, GRCHEAE” (2212) 00 E BRS fURER AR TR 55 /0 BT[], 7
B G 24Kk, 43(1): 52-62. Wang Q, Qian C H, Dong L, et al, 2023. Analysis on main
characteristics of Typhoon Muifa (2212) and difficulties in its track forecast[J]. J Mar
Meteorol, 43(1): 52-62 (in Chinese).

FhE, VB, EAK, 45, 2022, 2012-2021 FEHRRR G G K 3~5d BRAE TR IR ZE T[],
FETIR, 39(6): 25-33. Wang Q, Xu Y L, Dong L, et aI, 2022. Analysis of typhogn track forecast
errors for 3~5 days by Central Meteorological Observatory from 2012 t
Forecasts, 39(6): 25-33 (in Chinese).

/NRE, BEE, TUEF, 45 2022, “21 <77 I RGRF R Z I /KIAA

vapor and jet characteristics of the July 2021 severe t
Meteor Mon, 48(5): 533-544 (in Chinese).
mgih, miekE, Xk, 2022a. 2021 FEFILACTEEAR
42(1): 39-49. Xiang C Y, Gao S Z, Liu D, 2022a. Overi

d” discussions on China operational typhoon

Chinese).

initial i on the forecast of typhoon In-Fa (2106)[J]. Meteor Mon,

2007. 0604 5 5T XU ZE AT 7 B B/ K AR B2 W 70 ). LB, 33(5):

D, Kong Q, 2007. Diagnostic analysis of Severe Tropical Storm Bilis heavy rain
event[J]. n, 33(5): 42-48 (in Chinese).

JARLE, M, #AK, 2%, 2022b. 2020 FEVGILACER: G XS S RFIE IR AE ST 0] S
%, 48(4): 504-515. Zhou G B, Liu L S, Dong L, et al, 2022b. The analysis of characteristics and
forecast difficulties of TCs in Western North Pacific in 2020[J]. Meteor Mon, 48(4): 504-515
(in Chinese).

FE T, Hearig, 2o, 5%, 2022a. N TEREAE G XA TR PR R 5 RED]. R
it 70 5 8 FH, 43(2): 1-8. Zhou G B, Qian Q F, Lv X Y, et al, 2022a. Application and expectation
of artificial intelligence in typhoon monitoring and forecasting[J]. J] Meteor Res Appl, 43(2):
1-8 (in Chinese).

Elsberry R L, Chen L S, Davidson J, et al, 2013. Advances in understanding and forecasting rapidly
changing phenomena in tropical cyclones[J]. Trop Cyclone Res Rev, 2(1): 13-24.

21



Fei R, Xu J, Wang Y Q, et al, 2020. Factors affecting the weakening rate of tropical cyclones over
the western North Pacific[J]. Mon Wea Rev, 148(9): 3693-3712.

Ren F M, Xie Y J, Yin B W, et al, 2020. Establishment of an objective standard for the definition of
binary tropical cyclones in the Western North Pacific[J]. Adv Atmos Sci, 37(11): 1211-1221.

Wang Q, Zhao D J, Duan Y H, et al, 2023. Super Typhoon Hinnamnor (2022) with a
record-breaking lifespan over the western North Pacific[J]. Adv Atmos Sci, 40(9): 1558-1566.

Wang Y Q, Wang H, 2013. The inner-core size increase of Typhoon Megi (2010) during its rapid
intensification phase[J]. Trop Cyclone Res Rev, 2(2): 65-80.

WangY Q, Xu J, Tan Z M, 2022. Contribution of dissipative heating to the intensity dependence of
tropical cyclone intensification[J]. J Atmos Sci, 79(8): 2169-2180.

Yamaguchi M, Majumdar S J, 2010. Using TIGGE data to diagnose initial perturbations and their
growth for tropical cyclone ensemble forecasts[J]. Mon Wea Rev, 138(9): 363

Ying M, Zhang W, Yu H, et al, 2014. An overview of the China meteoroleg a istration
tropical cyclone database[J]. J Atmos Ocean Technol, 31(2): 287-301.
\ é

|\

22



