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Climatology and Interannual Variability of Extratropical Cyclones
in the Winter Half-Year in Northern China
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Abstract Using the objective definition and auto-identification and tracking technique, the database of extratropical
cyclones (ECs) in the winter half-year in northern China from 1951 to 2010 is built on the basis of the NCEP/NCAR
reanalysis data. Furthermore, the climatology and interannual variability of ECs are studied. The results show that
cyclogenesis is mainly focused in the central-west region of Mongolia and the eastern foot of Yablonoi Mountains. ECs
are active mostly over southeast of Mongolia, southeast of Inner Mongolia, and the Songnen Plain; however, cyclolysis
and rapid decay of ECs occur over the southeast of inner Mongolia and central-north of Northeast China. The frequency
of ECs is the highest in early spring and middle autumn and the lowest in winter. With seasonal evolution, the active
region of ECs moves eastward and southward. The eastward path is the most common track of ECs, after which comes
the southeastward track, and then the northeastward one. Horizontal winds at 700 hPa can be considered as the steering
flow of ECs. The rapid growth of ECs, whose standard deepening rate is greater than 0.5 Bergeron for 24 h, is mainly
active over the east of Inner Mongolia, central-north of Northeast China, and the central Japan Sea. However, explosive

ECs are spread mainly over the Japan Sea and marginally over the continent of China. The extremely strong EC events
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occurred mostly in the early spring and mid autumn before the 1980s. However, frequency of ECs was relatively low, the

frequency of extremely strong ECs has increased since the 1980s. The decrease of ECs is related to the weakening of the

baroclinicity in the lower troposphere of Northeast Asia.
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variability
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Fig. 1 (a) Regions related to extratropical cyclone (EC) activity; (b) sea level pressure (black lines, unit: hPa) and the identified cyclone center (black solid

cycle) at 0800 BT (Beijing Time) 1 October 1951. The black thick rectangle represents the identified region, the black thin one is the active region of the EC

center, and the dashed one is the plateau region which is not be identified. The shaded area indicates the altitude is larger than 1500 m
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Fig.2 The statistical distribution of synoptic characteristics of ECs in northern China in winter half-year from 1951 to 2010: (a) Minimum central sea level

pressure (the black line indicates the Gauss fitting); (b) life period; (c) move distance; (d) average move speed; (¢) deepen rate in 24 h; (f) standard deepen
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Table 1 The statistics of the top ten strongest extratropical

cyclones in wind half-year from 1951 to 2010
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Fig. 3 The central pressure variation of the top ten strongest explosive
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denoted by 0

55N 1=

50N -

45N

4N N

35N . S AT
90F 95E 100E 105E 110E 115
55N :

soN 1 <& O\ )Y
SO =78

45N 1o

40N R
35N e Pp STy e pysm—

90E 95E 100E 105E 110E 115E 120E 125€ 130E 135E
55N 1= ,

50N
45N o

40N A

35N Y T T T T i v T 1
90E 95E 100E 105E 110E 115E 120E 125E 130E 135E

4 1951~2010 FAPFEFEHREI A (A (@) TeEA
K (b) ABE; (o RBENT/B

Fig. 4 The distribution of frequency of ECs in winter half-year from
1951 to 2010: (a) Total frequency; (b) cyclogenesis; (c) cyclolysis

TR, AFANERIR D, XEOHWIR IR IEA
—F0 GGRWMED, 1984; FREIEIRIM B, 1992).
AR DIy A B BT — 8 T AR E (B
6o AR BT ENE B 1 25 8] 3 A e A AHAL,
B AP B ATIR A AT AE AR — 3. B R
RS, RARH B M, AU 80 X AT 17 /4
) AR AR (a3, EA TR AR, S HLX
ZPe R ], SO UIE 32 B P B 2R e R
HUX PR AR A X P A RS S
42 SEFREREBRMIRENTES

PR RSO A TS B AR S AR
SN o A R b | =/ N 1 RN | o
RV R LA S F A s, b Ao 2 K
X (K 72), X5£ 2 Mgk —i. Al
FEF BT 50 BRI WS ARER HRdb AR L.
FRAGRFHR LA S dze A M X P R 3o e rp BRd I S8 i
FEMNTASE R AL dissss (& 7o,
¢). Martin and Otkin (2004) J3#473& W] Jig 5 F4 K
T IR O v A O R A R TR S ZE

0.3

O—ﬁﬁ—-]||v|-|||v|n||—m—l—

0123456 78 9101112
Month

5 1951~2010 SE& LA @S SIBR I TR G vtk o34
Fig. 5 Same as Fig. 2, but for the monthly frequency in winter half-year

Frequency
o
N
1

o
P
|




3 1] FFOF =255 MR AL 7 A AU (1T ABRRRAE 2 A B A
No. 3 FU Jiaolan et al. Climatology and Interannual Variability of Extratropical Cyclones in the Winter Half-Year in ... 685
55°N 55°N
50°N ~ S0°N A
45°N A 45°N
40°N1 T "< o 40N 2
| - J'
35°N : — . . 35°N . —— : .
90°E 100°E 110°E 120°E 130°E 90°E 100°E 110°E 120°E 130°E
55°N 55°N
50°N 17K 50°N A
45°N A1 45°N A
] 7
40°NH [ 2 b 40°N+ [ N,\Z‘ - ?/ 59
2 g 2 Q\?\‘(_‘ g‘?{: J v
35°N . — : . 35°N o3 ¥ .
90°E 100°E 110°E 120°E 130°E 90°E 100°E 110°E 120°E 130°E
55°N 55°N
50°N A 50°N A
45°N 45°N
40°Nq 40°N { _ S f
3 S \NAS 4
35°N T T T : 35°N Va SR 0 :
90°E 100°E 110°E 120°E 130°E 90°E 100°E 110°E 120°E 130°E

K6 1951~2010 44 BRI (4D B (a) 2 () Rk 10 H. 112 301 02403 1
Fig. 6 The distribution of monthly frequency of ECs in winter half-year from 1951 to 2010: (a) Oct, (b) Nov, (c) Dec, (d) Jan, (¢) Feb, (f) Mar

TR o 0T IR X A POR S ZE ) B LR
BRI

MK 8 FTLAE H, AU ahd k. 18 A
B 3 B DXSBURRAE o AN SCKE RS B0 2 K 128 90% 1 43
B~ /NT 10% 53 B 21138 B2 23 0l i A S B i
Py e E. Bahmig e EA TSN E AR
. NSRRI H AR —2 (& 8a).
1A% 3l e PR 32 2247 T3 B b k. sl
RHER REJeVLVGHE LA ST ARV r i — Al , A3
AL E AL AR . MEMkE, gtk
frEwIL, s, BRI 5]
RS IEA GO EAT O, XTI PP Xk 22 S AR A
B KR gk — 2240 #r
43 SERESHE

W EREE TR T 2249 ANMURHISE (K
WD o MRHEEM 7RGt 6 RERAT T LU A=
BACHI R 2, 20 SN 65%LL b, HIER
B (7 25%) Ak (10%4E47) Bz, TmkasE e
J e A A6 AR RN A2 (9.

R R0 0T 3 R ERAR 1 A5 R A AR AE

M 10 Zepnf LA, ARIbEAE A DS
TIE: NS E AR A S R EE R sl A
P St R AR B )z AR P r X B B B R
X B Bl ik ke VLI e &gt i) H AR 8)); vk
PRI VG H X AR B ) P 52l KA AE— i B . T
RBP4 EEmE: NS E b A ks
0] 25 8% 8)) 48 P [l 2R Ak LA Rt RV e s X s e
W L kAR AR B I AR U R B ISR AR
R AR R A H AR 3l eI, ZREE AR
Az G T VG AL X AR A RS Bl AR e AR TR AT
ZRIETE : RS O LB R B AR S v AR b H A
A RN ) P 65 L iR 18 BN ) S AT S el e T
Hedb. VSRS Bl TG P AR B W PR AR
JER ] VG AL HBIX 2 pe 845 5l A Qian et al. (2004) 43
MTit147 2% 850 hPa ZAE P e e LLE i, R
JEFEMZEHE AR R AT MBAKE, 5
KRS as REEA—B PIAFRE, ASCHE—
W T EA FEAER AR A A i, &



PN
686 Chinese Journal of Atmospheric Sciences

37 %
Vol. 37

55N
50N +
45N +

AN R

] [ ] T[S
9 12 15 18 21 24 27 30 33 36 39 42 45

1 St 11,

55N

50N K -

45N

40N

7 L 45N

- 40N

35N

35N T T T - L
90E 100E 110E 120E 130E

20 30 40 50 60 70 80 90 100

90E 100E 110E

3 5 7 9 1" 13

Bl 7 1951~2010 R4 PARPREUA R B M T AU B ) 3040 (AN): () PREUR ;s (b) AUNEIHZE; (o) UMEthlilide
Fig. 7 The distribution of frequency for rapid growth and decay ECs in winter half-year from 1951 to 2010: (a) Rapid growth cyclone; (b) decay cyclone; (b)

rapid decay cyclone

55N

50N

45N

40N 1

35N v T —4 T
90E 100E 110E 120E 130E

— [N [
15 20 25 30 40 50 60 70 75

55N

* (b)
50N

45N

40N

35N

120E 130E

50 60 70 75

90E 100E  110E
= T T
15 20 25 30 40

8 1951~2010 FA A FER SRS (a) RIBSEMGH (o) AR (4D
Fig. 8 The distribution of frequency of ECs in winter half-year from 1951 to 2010: (a) Cyclones with the fastest moving speed; (b) cyclones of the slowest

moving speed

AN [ B AR IV [0 STl S5 3 Tt

KR M AN R B AR 15 3 A E, A
SCAESE T IR T ORI IR 2 1) — > RU(47.5°N,
102.5°E), WAL [F] L 2% 42 A [R5 1Y 700
hPa MIZIRHAT A BT R & 4R A b ik 42
6 MBI AERARAT 36 MM, AR FE kAR
a5 M. AE 10 45 EERTCUE . ARG
PR PR ZE v 2 ok — AN i ) IR X, N5
TR RAEH X B2 AR 1 AR F s, AT 5]
SABEAARIL SRR S 1% N AW 4 #4542, 700 hPa
A 3 EE DL BV RSN, &R A AR
N PR AR NE, G LLE ) 700 hPa K17
RTE AR AR R X = BEAT P AR, JEIL 2 B

ARALHLIX | S SRR AL 2y K, AT AT
SIEM AR T MBS, LR ERYI: 700 hPa K
Yl e A sl A B AR R X
5 SEENERTLHEHIE
B0 3 B R SR FARFAE . AAE] 11a W]
DA, 20 el 60 FAKE 70 AUk
8% . 1970 FACRKEMIGL B>, 1980 FAR
DL, ATEMIRAL T — MR AR, Ko
SEM SR IIE LR . X5 L5t ie
B —8 (Wangetal., 2009; WEZEFHFLE, 2003),
[, DA ARk 26 R e sy
MK (Mccabe et al., 2001; Lambert and



S LT &R U (U I S AR Fr AR R

No. 3 FU Jiaolan et al. Climatology and Interannual Variability of Extratropical Cyclones in the Winter Half-Year in ... 687

0.8

0.6 —

0.4

- I
04— : . : —

1 2 3 4 5

Storm track classify

B9 1951~2000 EALAESE 6 REAAIMRINGETT 3A . B x A4

FrbaiE 12 6 o alERontase . by ARIb. WA Ama A AUERs
P e

Fig. 9 The statistical distribution of frequency for six different cyclone

Frequency

tracks of ECs in winter half-year from 1951 to 2010. The numbers 1 to 6
of the x axis label represent the static, northward, northeastward, eastward,

southeastward, southward cyclone tracks, respectively

Fyfe, 2006). Ayt — 070 5% M 2 H 28 =i 1 AF Bm
AARFAE, AR SCH e E SR s e
DYFRAEME T 1951~2010 4EFTHT FRO SRS
30%H AL, AR FEBI{ERCA 1001.6 hPa. 3
e AR A5 T S AR AL, 1960 FAAE
1970 AEARH AN S8R PVE R, 1fT 1970 AR
W2 R B AR B B9/, 1981 4Ffez> . 1980
ERZ G, SRANE BN, X AT BRI
S EH RSO R (A it AR - BRIl S RS 19 m 1)
ER

E— 25 0 52 e B A AR 1R sk 2D s DR g A T
PRIT o WIFFUER I AR AR I R B X 5 A7 K
(Wang et al, 2009; Qian et al, 2002). it
AR 5 KRRV IREIAE ST LAE H (B 12),
AR AR B St ] L R T R e A X R R )
IEFOGIG R o 3R WZ DX e X i 1 A T % 3 i
FNEM G SRFAE o b 25X Ll A BT AT D o ik o5
(47.5°N, 107.5°B) MIRHEIREUT 5 e @Ak
FEAIRT LA (B 1), RUEFRECS e A
B BB L BAFEARBR A NG R, TR KA RHE
PEFE SR [ A M AL T AR 59 I B, AT AN T
AREMIRRE « S KRR AR PR AR ARRE
HRE SR KA R — 3. DR
B, B AR AR AR B AR 5 RO ) Ay 1 D63t
IR EAEAEAAR PR R AR A RGO, HIX M

AR B AR AR HE A5 AN 7] 25795 38 47 R B0 (3 dn B 45
2008; Zhou et al., 2009). MAt, MWShEkEsh /)
SERFIE DT, KR PR TEOR 9 U R R 1) 2 I
[KlZ —. Lambert and Fyfe (2006) i KSR
FAEFUSE 1 AR IR 5 KV N 2, T (A<
JE I BRI e, 7K P A PR A e 28 3 B0 e AT
U, 1980 AR LIRS MG INRAA nl g &
A BRI 5 5 AUIE N IR K G 0 A 9 A i
P

6 £it5itie

FESEIVSRE R R BRER A IERE [, ASoxt
SR RFFEREAT T 208, IR P8R0 T U
TERRAR R IR RE R . B0 8L

(D PO i AR AEAE 1005~1015 hPa 2
)& 2, KT 1000 hPa J& T AR i <iE . oo
AU R AEALE 1980 AEARATEK (10 FD 5413
(3 HDo 50%LL ESHE 24 /NEINEFRA A 0.2
Begeron, MNIRZLH] 0.5 Begeron LA b @ T-Hidi Kk
A Wi AR R A T H A, AR
1L 24 /NN AEAL ) 20 hPa DA

(2) e 3= BT T 58 OGS TEATIE U
FIBKARRE . WS T ARES ARERARE. HRm
R T S S, FG v 52 [ o e AR 1 A B
%o BRARERARTS . HRm g LAAh, ke S
I B RSB B A —8 A R B il
RS AR RS bR IEES . LU AR AL B % Wi
WHT, NS AR ARbH X A b o 32 2
HTIX o AT AR WS AR Fa BT 5
SRR ERIX o PR J e A= A T 58k [ AR
. NS AREE. ARACHIX A, B, ikt
BRI AR PR LA S H A . PRk
E3 R S VAR R S N o N | o R | 55

(3) AR Y, b UeEFERE, EK
TR, &T5fb . MW TAPEZREAmE, 10 H
PRI IR %, FLUGE 3 Ay, T 1 12 b
BEE TR, AUEESIXEN . MABY), X
5 RARNE X 21 A — 3

(4) 6 FKEAT UM AREALI e 2, 41y
B 65%LL b, HUGERM G 25%) Ak (10%
KA EAt. mtE AL, PAAAmEE AL ER AR S
FEAN A XS 5D 4E . 700 hPa Mt < ieks shita
PR BRI E .



N W 37 %

688 Chinese Journal of Atmospheric Sciences Vol. 37
55N 60N -
(d)\\\\\WH»» ERE A ;’;;//v
T AR >~
50N A 55N o % "y g

45N {—

4N{

B

35N 30N T v . : -~
9 80E 90E 100E 110E 120E 130E 140E
55N 60N

SO0N 1

45N

40N

A A A I

35N 30N Y: ' e ' '
80E 90E 100E 110E 120E 130E 140E
55N - 60N i
G 4]
5BN =g ——ah s 5= = = = s v vy e S
50N - j :
50N A v
45N - 45N -
2 40N -
40N - IR EX-1
X7 ¢ 35N o =
35N 4 /NN ; 30N : - - v T
90F 100F 110E 120E 130E 80E 90E 100E 110E 120E 130E 140E

B 10 (a,b,¢) 1951~2010 “FEL4FUhiE 3 KRB (d, e, D) I WEAZZADDHI K 700 hPa KIAHI W53l (a, d)s (b, €)« (c, ) Z3HINAR
b AR KARFHAR (a, b, ) BIREXAR 3 KRR, SELNZR HARN K B AL, (d, e, ) OFELRRMARFN, SR OTIRM IR
i SR AR AR AR R

Fig. 10 The distributions of (a, b, ¢) frequency for the three different tracks of ECs in winter half-year from 1951 to 2010 and (d, e, f) the corresponding
composite 700-hPa wind fields. (a, d), (b, ¢), (c, f) represent northeastward, eastward, and southeastward tracks, respectively. (a, b, ¢) The shaded area and
contour indicate the original and ending positions of the cyclone, respectively; (d, e, f) the red, green, and blue arrows represent the southeasterly, westerly, and

northeasterly, respectively

60 1.2 24

(b)

Number of cyclones
N
o
|

Number of strong cyclones

Baroclinic intensiy (K/100 km)

20 LR R RN RN RN RERRRR RN RN 0.4 4 T T[T T[T T T T[T T T[T rrrTeT

1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
Year Year
11 1951~2010 FALAEEHIR (A ITEFF: (a) TR (B Kk s (47.5°N, 107.5°E) FURSERE R4 gk, K/100 km);
(b) SRAESIR CRED) . KEMEL N LTI, WERLN 7 RZTAME. B b SEORELELIR 1981~2010 FFLMEME
Fig. 11 Time series of number of ECs in winter half-year from 1951-2010: (a) Total number (black line) and baroclinic strength index (pink line) at point
(47.5°N, 107.5°E); (b) number of strong ECs (black line). The grey dashed line is the mean frequency from 1951 to 2010, the blue dashed line is the
seventh-order polynomial curve fitting. The green dashed line indicates the linear fitting from 1981 to 2010 in Fig. b



31 FFOF =255 MR AL 7 A AU (1T ABRRRAE 2 A B A
No. 3 FU Jiaolan et al. Climatology and Interannual Variability of Extratropical Cyclones in the Winter Half-Year in ... 689

60N
55N =
_/—\

0
1
0.2

45N
40N | %
.3

50N A

35N
0.1
30N
25N [ n_ [ 2 : A
70 80E  90E  100E  110E  120E  130E  140E

B 12 1951~2010 &4k 5 [R50 850 hPa 3l T 4 L Hig
FARI AT PUEX R R R R EE L 0.05 1) 25 VKT 6 56

Fig. 12 Correlation between the frequency of extratropical cyclone and
mean baroclinic strength index in winter-half year from 1951 to 2000. The
shaded area indicates the correlation coefficient is exceeding the 0.05

significant level

(5) 1980 FARLAK, B LI AL T-—AFHXS
BUD IR, A @ i a . AR
55ty [ LK T 98 T A X LA S S I A OGOk
Fo RSP MEAE 5211 1 46 b A 1 A0 A5 55
IR B, AT T RE AT -

gr Bk, AR gi SR s O A
(IRIF SR AR — 3, [i) Al Jb ) 53 g 3 A0 v i < e
PIAFEARPR 5215 0 A0 BRI 1A B A AR B AR
fiadh, AR R R AR LA R SRS B 4
JB1FRRM T, TR T —LFr s, SR,
R AR AR X FA R AT i 4 B R 55 ) s AT
Frilt— BN VHE 5007 . [FINE, ARSCHTE 9 #r &
BT NCEP/NCAR 43 M %8 ko (i T AN A F 40 #r
PORHIT R R IR SR E RGN R E, T R4
b S AP AR IE AT BEAFAE — 2 22 5, Ik, R
KAT W B e o A Bk, 40 EAR-40. JRA-
25 EGORLEAT XL o3 A, RE AR ARSI A AT
g

S Z 3k (References)

Blender R, Fraderich K, Lunkeit F. 1997. Identification of cyclone-track
regimes in the North Atlantic [J]. Quart.J. Roy. Meteor. Soc., 123:
727-741.

Chen G T J, Lu C F. 1997. On the climatological aspects of explosive
cyclones over the western North Pacific and East Asia coastal areas [J].
Terrestrial, Atmospheric and Oceanic Sciences, 8 (4): 427-442.

Chung Y S. 1976. On lee cyclogenesis and airflow in the Canadian Rocky
Mountains and the East Asian Mountains [J]. Mon. Wea. Rev., 104:
879-891.

TVR9E, ML, T4, 1998, BRSNS [J]. MA%

2BEFAR, 21 (3): 424-431.  Ding Zhiying, Wang Jinsong, He Jinhai.
1998. Statistical study of explosive cyclones [J]. Journal of Nanjing
Institute of Meteorology (in Chinese), 21 (3): 424-431.

Hoskins B J, Hodges K I. 2002. New perspectives on the Northern
Hemisphere winter storm track s [J]. J. Atmos. Sci., 59: 1041-1061.

LA, VL. 2006 WS PIRFFLERIVD BB MR TRFE [J]. AR
S5UEEWMIF, 11 (6): 702-712.  Jiang Xuegong, Shen Jianguo. 2006. The
characteristic of weather factors in two types of sustained dust storm in
Inner Mongolia [J]. Climatic and Environmental Research (in Chinese),
11 (6): 702-712.

Kalnay E, Kanamitsu M, Kistler R, et al. 1996. The NCEP/NCAR 40-year
reanalysis project [J]. Bull. Amer. Meteor. Soc., 77: 437-471.

Lambert S J, Fyfe J C. 2006. Changes in winter cyclone frequencies and
strengths simulated in enhanced greenhouse warming experiments:
Results from the models participating in the IPCC diagnostic exercise [J].
Climate Dyn., 26: 713-728.

MREIE, Bve. 1992, 3BT U IR HT [J]. A&, 18 (5):
20-26. Lin Mingzhi, Yang Keming. 1992. The synoptic and
climatological characteristics of mnorth cyclone in China [J].
Meteorological Monthly (in Chinese), 18 (5): 20-26.

Martin J E, Otkin J A. 2004. The rapid growth and decay of an extratropical
cyclone over the central Pacific Ocean [J]. Wea. Forecasting, 19: 358—
376.

Mass C, Dotson B. 2010. Major extratropical cyclones of the northwest
united states: Historical review, climatology, and synoptic environment
[J]. Mon. Wea. Rev., 138: 2499-2527.

Mccabe G J, Clark M P, Serreze M C. 2001. Trends in Northern
Hemisphere surface cyclone frequency and intensity [J]. J. Climate, 14:
2763-2768.

SENA, BEIIR, XIKIK, 25, 2009, — MR VETHES K 10 WS
R 0], AEROREEFR (HARRE), 45 (4): 693-700. Meng
Li’na, Sui Yingjiu, Liu Dagqing, et al. 2009. Analysis on an unusual
snowstorm event caused by explosive cyclone [J]. Acta Scientiarum
Naturalium Universitatis Pekinensis (in Chinese), 45 (4): 693-700.

FRESE. 1993, JLACP BRI MU SRR AE [7]. NS AR,
4(4): 426-433. Qi Guiying. 1993. Climatic characteristics of explosive
cyclone over the North Pacific Ocean [J]. Quarterly Journal of Applied
Meteorology (in Chinese), 4 (4): 426-433.

Qian W H, Quan L S, Shi S Y. 2002. Variations of the dust storm in China
and its climatic control [J]. J. Climate, 15: 1216-1229.

Qian W H, Tang X, Quan L S. 2004. Regional characteristics of dust storms
in China [J]. Atmos. Environ., 38: 4895-4907.

Raible C C, Marta-Della P M, Schwierz C, et al. 2008. Northern
Hemisphere extratropical cyclones: A comparison of detection and
tracking methods and different reanalyses [J]. Mon.Wea. Rev., 136:
880-897.

Sanders F, Gyakum J R. 1980. Synoptic-dynamic climatology of the Bomb
[J]. Mon. Wea. Rev., 108: 1589-1606.

Sinclair M R. 1994. An objective cyclone climatology for the Southern
Hemisphere [J]. Mon. Wea. Rev., 122: 2239-2256.

A 2002, RSN M) dbst: A% WAk, kg, 97-120.
Shou Shaowen. 2002. Synoptic Analysis (in Chinese) [M]. Beijing: China



xR ¥ 7%

690 Chinese Journal of Atmospheric Sciences

Vol. 37

Meteorological Press, 97-120.

TR, IR, FHC, A 2011, 200944 H AL —IRSRID A Bl R
FRREAE 43 A FECE AL, [9]. A%, 2011, 37 (3): 309-317. Wang
Lijuan, Zhao Linna, Shou Shaowen, et al. 2011. Observation and
numerical simulation analysis of the severe sand storm over northern
China in April of 2009 [J]. Meteorological Monthly (in Chinese), 37 (3):
309-317.

Wang X M, Zhai P M, Wang C C. 2009. Variations in extratropical cyclone
activity in northern East Asia [J]. Advances in Atmospheric Sciences, 26:
471-479.

EHEES, ERUE. 2011, RIEHX AL T e FE U5 e S I A
FEIE [J]. B SHE R, 27 (6): 43-48. Wang Yanling, Wang
Lijuan. 2011. Spatial-temporal characteristics of activity frequencies of
northern cyclone and southern cyclone in East Asia [J]. Journal of
Meteorology and Environment (in Chinese), 27 (6): 43—48.

WA, ol 4xifE, BVTHEE, 4% 2010, % YRR ONET | R )RR ik
FEEEUE R [7]. SR SR, 26 (4): 62-66. Yang Xiaojun,
He Jinhai, Lii Jiangjin, el al. 2010. Numerical simulation on storm surge
caused by extratropical cyclone in Bohai Sea, China [J]. Journal of
Meteorology and Environment (in Chinese), 26 (4): 62—66.

PhF A, sRiAE, FIRE. 2003, 1T50a%: 7 AR Wi i e vs sh A AL <
AR 324 7], B R B AR, 26 (3): 317-323. Yao
Suxiang, Zhang Yaocun, Zhou Tianjun. 2003. Climatic Characteristics of
extratropical cyclone frequency and its variations over East Asia during
recent 50 years in spring [J]. Journal of Nanjing Institute of Meteorology

(in Chinese), 26 (3): 317-323.

BGEES, T 0. 1993, RNEANPG KSR A Vil o URE A 2B R A
WY [J]. RAFRFE, 17 (3): 302-309.  Yi Qingju, Ding Yihui. 1993.
Climatology of the explosive cyclogenesis over East Asia and the West
Pacific [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 17 (3):
302-309.

FON, FIRE, A, . 2008. T EARSHAREACPR AL S 4ERAE
W HERE [J]. RAERE, 32 (4): 893-905.  Yu Rucong, Zhou Tianjun,
Li Jian, et al. 2008. Progress in the studies of three-dimensional structure
of interdecadal climate change over eastern China [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 32 (4): 893-905.

TRERL, BRZE, AR 1993, AR E R VG KPR R T AUNE Y Ge T HE R
[J]. "% %4k, 51 (1): 44-56. Zhang Peizhong, Chen Shoujun, Bai
Qifeng. 1993. A statistic study of frontal cyclones over East Asia and
northwestern Pacific sector [J]. Acta Meteorologica Sinica (in Chinese),
51 (1): 44-56.

FRIED. 1984, LT ANERAE THTHRAE SR FEIR R4 00T (0] w
JR5%, 3 (3): 83-89. Zhang Shangyin. 1984. The statistical character-
istics and the synoptical analysis of north cyclone [J]. Plateau
Meteorology (in Chinese), 3 (3): 83—89.

Zhang Y X, Ding Y H, Li Q P. 2012. A climatology of extratropical
cyclones over East Asia during the years of 1958-2001 [J]. Acta
Meteorologica Sinica, 26 (3): 261-277.

Zhou T J, Gong D Y, Li J, et al. 2009. Detecting and understanding the
multi-decadal variability of the East Asian summer monsoon—Recent
progress and state of affairs [J]. Meteorologische Zeitschrift, 18 (4): 455—
467.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


