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Abstract Using the Final Analysis (FNL) data from the National Centers for Environmental Prediction (NCEP), we investi-
gate statistical characteristics of explosive cyclones (EC) over the northern Atlantic during the cold season (October to April)
from 2000 to 2015. The definition of EC is modified after considering the meridional distribution of EC and the 10 m height
wind fields associated with EC. It is found that EC mainly occur in four regions, namely the North America Continent, the
Northwest Atlantic, the North-Central Atlantic, and the Northeast Atlantic, respectively, according to the spatial distribution
of their maximum deepening rates of central sea level pressure (SLP). Over the whole region, EC decrease with the increase in
maximum deepening rate of central SLP, the intensity of EC strengthens from west to east, and tracks of EC are basically in a
southwest-northeast direction. EC over the northern Atlantic may be classified into four intensity categories according to their
maximum deepening rates, which are super (=2. 15 Bergeron (Ber)) . strong (1. 75— 2. 14 Ber) , moderate (1.45— 1. 74 Ber)
and weak (1. 00 — 1. 44 Ber) . respectively. Analyses indicate that the number of EC decreases and their duration times of explo-
sive-deepening shorten from southwest to northeast over the northern Atlantic basin. The maximum deepening rate of EC over
the Northwest Atlantic region is the largest, and the duration time of explosive-deepening is the longest. Oppositely, the maxi-
mum deepening rate of EC over the Northeast Atlantic region is the smallest, and the duration time of explosive-deepening is
the shortest. EC over the Northeast Atlantic region, the North-Central Atlantic region, and the Northwest Atlantic region
mainly occur in December, from December to March, and from January to February, respectively. Compared with these char-
acteristics over the ocean, EC over the North America Continent are the least in number, the weakest in intensity, and the
shortest in duration time of explosive-deepening.
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Table 1  Meridional distribution of explosive locations over the Northern Atlantic

(A represents the result of the definition given by Yoshida, et al (2004), B represents the result of the modified

definition adjusted geostrophically to 45°N, C represents the result of the modified definition adjusted

geostrophically to 45°N with the 10 m height maximum wind speed of cyclones no less than 17.2 m/s)

4B ("N 2530 30—35 3540 40—45 4550 5055 5560 60—65 6570 70—75 7580
A 14 111 499 644 521 333 194 47 26 4
ARRFECD 0. 47 3.72 16.71 21.57 19. 86 17. 45 11.15 6. 50 1.57 0.83 0.13
B A%k 7 59 323 392 318 186 96 24 12 1
B R (%) 0.39 3.31 18.12  21.99 20. 47 17. 84 10. 43 5.38 1.35 0.67 0.06
C M 6 56 312 375 312 182 94 22 12 1
CH=R (V) 0.35 3.25 18. 09 21.74 20. 46 18. 09 10. 55 5.45 1.28 0.70 0.06
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B 1724 A AR AL T 40" —45°N DB %, N
3754, B 21,74 %, FIAE Ry 47, 41°N,

R SCHRR T ASURE S e 1) T 25 T e 0 U
G5 5] 45°N)12 h FRFEA#] 1 Ber HARHFE
JEad A 2 A — A I 205 10 mo& KU A N T
17.2 m/s,

SR g H LR E X

IR RN 0 221 < 4 K R AU Hh O U IR R
ISPNILIEIR

FP O S B IR 220 < AR R P A R O U A
IRy 21

He 2 T A% Sl A% < O A AR R AU R0 i TR
RA/NTL Ber ZHIIIR Sl #E1% .

FB SN A% Bl AR AU AE RO IR RN T
1 Ber W} %% 3 4% .

Hie S 05 A% Bl R AR SUBETE R S A D IR RN
T 1 Ber ZAUE O R S AR %0 19 7% 3l i 4%

SR | S NERE S S W IR S

3.1 ek

HRAEAE T ) 4 R AL AU € 3, 4% I 57 X 57 j) 4%
DAL kB M S e R N R SR I 0 1 7 R AT B AR
S5 R S R AEA B B 43 A (L 2) S /] 43 4
AR B T Jb 38 Kl X (The North America
Continent, NAC), [I. P4t K V4 # X (The North-
west Atlantic, NWA), [l. dt K 7 o gt X (The
North-Central Atlantic, NCA), IV. Z& dt K 74 # X
(The Northeast Atlantic, NEA)., MG FEAR K
R A JE R P X iE 8 TWR(The Whole Re-
gion) . 4 PR ACIE A B Hb R 4> A 5 Wang %%
(2001) B 5 45 R B AH ARG, FE L R PG i 4 A7 3
TR 5 RIVAL 38 2R 08 52 3 v AL 0% 22 B 2R AL R A
BB 22 55— vk 5 B ROR ] 22 A 7 F 76 b 25 K B
IR T AR R AR A R G R R b
AN B 2, RilF R RZ N 35
Ao TR EO 22 00 I AR T RE A T B 1Y



PN SCAF < U RV P I A M U O R T R AE 173

25 i M) . Wang 45 (2001 ff I 9 2 ECMWE 1996 4 3 H . XN 16 a ¥ 2= i 2 i B2 B 5 53 A1
( European Centre for Medium-Range Weather (E 2)0 LVE B 6 RV Al A b 5 S4Bk
Forecasts) I [A] 73 #F 2y 12 h s | 7p $F 40 2.5° AR HERBEME RMEXES, £H40R 010,

X 2.5 A% s TTRE HAFSE I B & 1985 4F 1 H &

30°N A G
- | = 1
70 7 = / 2 \%
9 p ” ”\{ - 3/
“ 1= N1 aESnatan
2y /3 il b e YTy
“ 25 \I\S\Q\ 9 y 8|5 »-,1
2()16 \7 IB 4//2 4
; el oL« |
S =/ann
/ 4 N (
30 = :1:_//'{\1/ ~
1 1 1
% =]
. ENAC ). [NWA| | (| NEA |,
100 90 80 70 60 50 40 30 20 10°W 0 10°E
T T T T T T T 7

0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00

2 JEJRPGHE 5° X 57 RS A di IR 2 I 20 4% Ok A I 9 1 i) b B o A
(NAC, NWA, NCA HI NEA 4 A~ X 35 phy /il U 5 5z K I 220 8 Pk B 0 2 5 8 4y DX E
L A ACT0°W,L,80°N) \B(70°W ,65°N) ,C(80°W,35°N) \D(80°W,20°N) ,
E(45°W,35°N) \F(45°W,20°N) .G(50°W,80°N) \H(50°W,65°N) |
1(25°W,45°N) [ J(25°W,20°N) ; & B 2y 2000—2015 4518 ZE -1
M RIEL L 7 :107°C/m)
Fig. 2 Geographic distributions of the number of explosive cyclones at their maximum deepening

moment, which are counted within 5° X 5° boxes over the Northern Atlantic
(Four geographical regions named as NAC, NWA, NCA and NEA are used to classify explosive cyclones.
Geographical region boundaries are drawn in blue lines. A(70°W,80°N), B(70°W,65°N), C(80°W,35°N),

D(80°W,20°N), E(45°W,35°N), F(45°"W,20°N), G(50°W,80°N), H(50°W,65°N), 1(25°W,45°N),
J(25°W,20°N). Shaded areas represent cold-season average
SST gradient during 2000 to 2015, unit; 107°C /m)
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Fig.3 Histogram of the number of explosive cyclones with their maximum deepening

rates of central sea level pressure over the whole northern Atlantic
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Table 2 Numbers and relative frequencies of explosive cyclones with

various intensities over different regions

gl o TWR NAC NWA NCA NEA
5 B %) MO BB MO BB D) R R0 4 BRAR Y
Bk 671 100 15 2.24 236 35.17 229 34.13 191 28. 46
7 434 64. 58 15 100 137 58. 05 138 60. 26 144 75. 39
1 128 19.08 0 0 48 20.34 52 22.71 28 14. 66
[ 78 11. 62 0 0 34 14. 41 27 11.79 17 8.90
8 TR 31 4.62 0 0 17 7.20 12 5.24 2 1.05
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Fig.4 Monthly frequencies of explosive cyclones over various regions
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Fig. 5 Monthly variations of average maximum deepening rates of
explosive cyclones over various regions
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Fig. 7 The number of explosive cyclones with their duration time explosive-deepening

over various regions
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Fig.8 Tracks of weak explosive cyclones
(BET, EXT and AET represent the track before, during and after explosive development of cyclones,
respectively. Black, red, blue and purple represent tracks of explosive cyclones over North America
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Fig. 9 Same as Fig. 8 but for moderate explosive cyclones
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