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Fig.1 The clustering results of land-falling TC tracks over China during summer and autumn from 1951 to 2012

= A

by using FMM algorithm ( Gray solid curves represents the TC tracks; The black solid curves represents
mean tracks in Fig.1(b)—Fig.1(d) : (a) the distribution of land-falling TC tracks over China during sum-
mer and autumn from 1951 to 2012; (b—d) TC tracks of Cluster-1,Cluster-2 and Cluster-3

®1 EUFERHREZ=E TC HEITHIE

Table 1 The characteristics of the three clusters of landfall TC tracks over China duing summer and autumn

TCy  FHRGELE/(°) FHERSGL/(°) FHRE/(m-s™)  FHAdd/d ERERAR B U S B L %

o—2 128. 63 24.57 53.01 7.91 2.65 31
b 115. 84 19.24 39.23 5.05 3.54 42
H=2K 125.95 17. 38 58. 31 9.02 2.32 27
K, 0 9 d PR E A ATV H DX R R 14
2.2 £ETC EUFEPH 12 —
% 85 KR ) TC (BT (6—11 A ) % 7 MK e — ;%
HATHIT (K 2) o SRR E, kA TC % bl N
FeIE H 7—9 A TC [ Sh T . 45— K g N
2B TC £E 6—9 J SRR @5 , 10— 11 J SR8 5 g 0
=R EAER TC 1E 6—10 H¥nlfe 8t . | 04
2.3 BETCIHMBHNERTHIFA 0.2 “ ‘
K3 428 TC MR, MERY N 0 I .I
05, 1Pl 3 A WL, B Ak 5 #9552 TC £ 20 fit ST e T
20, 60 AR H B — YU, 20 22 90 4EAX LG BBl B2 RAKE(6—11 H ) %R FE =% TC f % f4 95 %
WE M 2 TC s i WM, BEY 3~4 45 (FAL: K /a)
— 22X TC 7£ 20 4 60 ﬁg,ft& 90 ﬁg{t%tﬂfm_‘{km% Fig.2 Occurrence frequency of the three land-falling TC

tracks over China during summer and autumn

{H ;% =28 TC f£ 20 it 42 60 418,20 {4 90 4
P21 1225 2 BB 0 A AR, T AR A g I 3

(units; times - a”')
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10 B --8 %
ol & — ——E—3% .
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Fig.3 The inter-annual change and trend of the three types TC occurrence frequency ( The points mark the time series of the num-

ber of TCs;The curves mark the 11-year moving average ; The straight lines mark the polynomial curve fitting)
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Fig.4 The composite 500 hPa mean geopotential heights field ( contours in black;units:dagpm) and average mean wind fields

(vector;units;m + s~') of three clusters( Also shown are the mean genesis location ( black solid round) ;the mean disap-

pearance location( black solid triangle) and the mean trajectory( black line) ) : (a) Cluster-1; (b) Cluster-2; ( ¢) Cluster-3

393



REBEHIR 20174650 H40% H3m

25, HoA gl 52 i AR B S AR R BT
A6 43 BE R 3 A A % 1), BE T AL B 5 55 28 TC, el g
5% JEE fp R AR LRI P R SR 28 B =
2R TC ML, B 2 M 7Y, 4 UL 8 7E 128°E [ff i, %1
RARE | HAS R ER b 25, R 2l 32 sl v w0 A AR A
G155 55 =26 TC, SR AR BT XS L 14 &l e EAATE =28 TC
B A v i Ml A R LR i P RS R AE 147 °E [
AT, A7 B — 28 A R, A2 I AR ) D AR R S
VAR B ROBL R, 55 =28 TC [ P4 AL T7 1) £% 3l & it
e [ K i o

IS B 6 mTLLE A g e R 51 5 R,
eI —500 hPa T HALF 2 5] 2 i (£ K
HAF,1991) , 5 SRR R M= =28 TC, Hik 2
52K TC, 35— TC 15| Ui 3 fe /N
3.2 BAMRE BESKESH

X HEAIRJZ (850 hPa) |\ # J= (200 hPa) =& TC
AE A BRI T I A AR O i B BICRE 5 K37 (T 7.8)
S —2 TC 1A X 03 BE 7T T2 I e AR it , IR )2
AR SRR RS, B T TC [z L1
T T, w2 50 HORE S H 5 5 5 28 TC e AR

— 5 = =
< BIDAN R e
o 0 E X
sy y
E s - ,5;)
10 K F
-15 = e S S e TN
=20 F -
e et

-25
-30

30
25 E
20
15
10

[4%/C)
o w

-5
-10
-15
-20
-25

-30

RA%/)

-5
-10
-15
-20
-25

-3
3 0-2520-15-105 0 5 10 15 20 25 30 ~30-25-20-15-10-5 0 5 10 15 20 25 30 ~30-25-20-15-10—5 0 5 10 15 20 25 30
A%/(°)

RaA%/°)

JA%/(©)

1 2 3 4 5 6 17

8§ 9 10 II 12 13 14 15 16

5 500 hPa(a—c) 700 hPa(d—f) il 850 hPa(g—i) {9 5] 5 A 7 (LL TC % tfibs, A& b5 % (0,0) , 60° x 60° [X I ;

B m s

Fig.5 Steering flow (units:m -
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Fig.7 The composite of 850 hPa relative vorticity ( contour;units; 10™°s™") and wind fields ( stream ; units;m -

s™') of the three

clusters in (a—c) genesis and (d—f) disappearance location after landfall over the 60°x60° region anchored at TC centers

( Shading indicates the statistical significance of relative vorticity at the 99% level; Coordinate (0,0) marks the TC’s cen-

ter) : (a,d) Cluster-1; (b,e) Cluster-2; (¢, f) Cluster-3
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Fig.8 The composite of 200 hPa divergence field ( contour;units; 10 °s™") and wind fields ( stream ;units: m - s™') of the three

clusters in (a—c) genesis and ( d—f) disappearance location after landfall over the 60°x60° region anchored at TC centers
( Shading indicates the statistical significance of relative vorticity at the 99% level; Coordinate(0,0) marks the TC’s cen-

ter) : (a,d) Cluster-1;(b,e) Cluster-2; (c,f) Cluster-3
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Fig.10 The composite of 850 hPa water vapour flux ( contour;units;g + s*' - cm > - hPa™') and wind fields( stream ; units:m -

s™') of the three clusters in (a—c) genesis and ( d—f) disappearance location after landfall over the 60°x60° region an-
chored at TC centers( Shading indicates the statistical significance of relative vorticity at the 99% level ; Coordinate(0,0)

marks the TC’s center) ; (a,d) Cluster-1;(b,e) Cluster-2; (¢, f) Cluster-3

FMM algorithm for track classification and characteristic analysis of land-
falling tropical cyclones over China during summer and autumn

GENG Huantong' , XIE Peiyan®,SHI Dawei’,Li Junhui’

' College of Computerand Software ,Nanjing University of Information Science & Technology ,Nanjing 210044 , China;
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3 Lianyungang Meteorology Bureau , Lianyungang 222000 , China

To further explore tropical cyclones’(TCs) law and climate characteristics of occurrence, development and
disappearance, this study applies Finite-Mixed-Model( FMM ) which is based on clustering algorithms to cluster
landfall tracks of TCs over China during summer and autumn ( from June to November) .The data of typhoon best-
tracks and circulation fields are from the Shanghai Typhoon Institute (STI) of China Meteorological Administra-
tion( CMA) and 6-hourly reanalysis data of wind and other fields from NCEP/NCAR for the period 1951—2012
during summer and autumn.The three clusters are analyzed for comparison in terms of TC’s active season, fre-
quency and circulation.

The TC tracks landing China are divided into three categories by using FMM algorithm , which corresponds
with the traditional classification result.Cluster-1 approximates the recurve-landing type, Cluster-2 approximates to

the westward-landing type,and Cluster-3 approximates to the northwest-landing type.The findings are summarized
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as follows.In summer, Cluster-1 and Cluster-2 appear more frequently than Cluster-3, however, Cluster-3 has the
highest frequency of occurrence in autumn.The generate location of Cluster-1 is the most northward, and the in-
tensity is relatively strong.The track of Cluster-1’s development shows northward trend, affecting the most exten-
sive region,such as the Yangtze River Delta,the Pearl River Delta, Beijing, Tianjin and other economically devel-
oped areas,and even affect the Korean Peninsula and the Japanese Islands.The generate location of Cluster-2 is
the most westward, its lifetime is the shortest and its intensity is the weakest,but it owns the highest frequency of
occurrence.This type mainly affects China’s Guangdong, Guangxi and Fujian.The generate location of Cluster-3 is
the most southward, and its lifetime is the most enduring ,but more inactive than Cluster-1 and Cluster-2.With re-
spect to the track,this type slightly move to the northwest direction.Cluster-3 mainly affects China’s Fujian,Zhe-
jiang.

Through the analysis of the circulation situation,results are shown as follows.The west-extending ridge point
of the subtropical ridge line’s location of Cluster-1 is the most northward, and the southeast airflow turns to the
southwest airflow around the cyclone,which leads to the minimum steering flow velocity. When generating , Clus-
ter-1 has the lowest convergence degree,zonal wind vertical shear and water vapor transportation. The water vapor
supply during the decaying process is also the weakest among the three classes, but still has a complete cyclonic
structure. The west-extending ridge point of the subtropical ridge line’s location of Cluster-2 locates the most west-
ward , with the southeastward easterly airflow dominated by the cyclone.When disappearing ,the convergence over
the lower level is the weakest. The location of Cluster-3’s west-extending ridge point is the most eastward and
southward ,and the southeast airflow turns to the southwest airflow around the cyclone, which leads to the maxi-
mum steering flow velocity.This cluster owns the strongest vertical zonal wind shear when occurring.Both in oc-
curring and decaying stage,water vapor supply of Cluster-3 is the strongest among the three clusters.

The above work and conclusions not only enrich the research of TC tracks,but also provide reference for cli-

mate diagnosis and new ideas for scientific research in the field of data mining and meteorology.

Finite Mixed Model ( FMM ) ; tropical cyclone; track clustering; climate characteristics; large-scale

circulation field
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