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Abstract: Extratropical cyclones are the most important “actors” in the daily weather stage in mid-latitude
region. In autumn-winter season, a great number of rapidly intensifying extratropical cyclones occur over
the mid- and high-latitude oceans, termed as “explosive cyclones”, which have received less public atten-
tion. Regarding to the theme “explosive cyclone”, this paper firstly reviews the historical background of
researching extratropical cyclone, and then introduces the origin of the term “explosive cyclone”. The defi-
nitions of explosive cyclones given by several scholars are systematically analyzed. A modified definition of
explosive cyclone considering the influence of strong winds is emphatically introduced. In addition, the
current research status of explosive cyclones is summarized systematically. Finally, the future outlook of
explosive cyclone study in next few decades is prospected.
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1918 4F 10 H . A2 21 B 1% Jacob( 4 $F 5 Ny
Jakob) Bjerknes i 3¢ “On the Structure of Mov-
ing Cyclones” #& fg 3| Monthly Weather Review
(Bjerknes,1919), 1919 4 2 H 1 H . ix PIFES 47
B 2 MkFETH L, 1918 48 11 H 5 H, Jacob
Bjerknes iff #8 [7] 24 & SC#% 2 T 9 B 1Y Geo f ysiske
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Review
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1. https: // public. wmo. int/en/governance-reform/services-commission(2021 4£ 2 A 1 Hijj[a)).
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Fig. 1 Extratropical cyclone model firstly put
forward by Jacob Bjerknes in 1919
[ from Bjerknes(1919), redrawn by Chen L J]
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Fig. 2 The life cycle of the marine extratropical
frontal cyclone following the Shapiro-Keyser cyclone
model: incipient frontal cyclone (label [ ), frontal
fracture (label [I ), bent-back warm front and frontal
T-bone (label [l ), and warm-core seclusion (label V)
(a) sea level pressure (solid lines), fronts (thick lines) ;
(b) temperature (solid lines), and cold and
warm air currents (solid and dashed
arrows, respectively)

[from Schultz et al (2019), redrawn by Chen L J]

B3 1979 4F 8 J 9 e B T 52 3¢
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[ HH R IR S A% 22 1 25 35T CAD o WL o 74 17 25k 39
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Fig.3 The route map of the Yacht Race (red line)

held by Royal Ocean Racing Club in August 1979

[ The starting point is Cowes of England (A) ;

the sailboat went westward to the Fastnet Rock (@)

in south of Ireland and then turned back eastward; the

finish end of the Yacht Race is Plymouth of England (4]
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K5 B E B R B I CHLTE )
BRI WL L B T
[ B8 3k A https: / keyassets. timeincuk. net/inspirewp/
live/wp-content/uploads/sites/21/2019/07 /fastnet-
race-1979-camargue-helicopter-rescue-
credit-ppl-royal-navy. jpg(2021 &4 2 H 1 Hijj[a]) ]
Fig. 5 A Royal Navy helicopter rescued the crew
after the disastrous Yacht Race
(This photo was got on 1 February 2021 from https:
// keyassets. timeincuk. net/inspirewp/live/wp-content/
uploads/sites/21/2019/07/fastnet-race-1979-camargue-
helicopter-rescue-credit-ppl-royal-navy. jpg)

P& v N 207N U DN £ A WA 2L LG R 7

WL 2 3 B 52 AT 2 A BRI
FEARRN R AP A )5 21979 4F 10 A, Rice

(1979 1 [ Pr WLz 3l 19 Lk 2% 35 Sail 1 (K16) %

Bl 4 (a)1979 4F 8 ] X5 Fastnet B3 4% . (b)1979 4F
8 13 H 15:37 UTC i NOAA-5 TR 4z A
Fig.4 (a) The moving track of the Fastnet Storm
during the International Fastnet Yacht Race in
August 1979, (b) NOAA-5 satellite infrared
image at 15:37 UTC 13 August 1979

[ 6

Fig. 6

Tracking a
killer storm

By Robert B, Rice
Severe storms can be found raging
over the earth's surface nearly
every day. Usually their develop-
ment, movement, and strength can
be predicted in advance, allowing
people 10 take the steps necessary
1 protect life and property. From
time o time, though, a severe
storm develops quickly and  at-
tains a place in history.

uch a_storm_developed late
Monday, August 13, 1979,and con-
tinued into Tuesday, August 14,
exploding almost without warning
in the midst of the Fastnet fleet

The strongest winds caught the
fleet strung out across the Irish
Sea. As British meteorologist Alan
Watts observed, “There is no kind
of shelter in that box of waters
between southwest England and
southern Ireland. The weather is
worse than oceanic because of the
interaction of Alantic wave-mak-
ing processes with the developing
shallows of the land masses.”

Rapidly developing storm sys
tems are common over the waters
surrounding the United Kingdom,
and races in these waters are often
plagued by gales and siocp soas

e 1979 Fastnet storm developed

Figure 1: 1200 GMT Monday-
S centor 100 mioars”

a ceniral pressure of about 980
millibars, which, although nota-
ble, is not uncommon. Many races
held within the past 30 years have
seen storms of this intensity rip
through the fleet. (Heovy Weather
Sailing, by K. Adlard Coles, is
filled with tales of these storms.)
story began across the At-
lantic on Thursday, August 9, as a
weak disturbance moved east-
ward across the United States
into the Gulf of Maine on August
10. Although the storm system was.

eady begun its his-
tory of death and destruction by
spawning tornadoes and severe
thunderstorms ~across the Ohio
Valley on Thursday, and_over
southern New England on Friday
(killing two people in Massachu-
setts and socking the 1/24 worlds
off Newport, Rhode Island, with
winds up to 35 knots).

As a preceding storm system
became stationary southwest of
Iceland, the weak storm raced
eastward across the Atlantic over
the weekend, reaching a position
near 48°N, 19°W by 1200 Green-
wich Mean Time (GMT), Monday.
August 13, with a central pressure
of about 1007 millibars (Fig. 1)

Figure 2 1800 GMT Monday-
storm oenter 96 millibars

At this time, the system gave
only subtle hints of what was to
happen in the next 12 hours, The
only tangible clues were the vast
amount of cold air in the as-
sociated upper-level low-pressure
trough and the storm's climato-
logically dangerous surface posi-
tion. Aloft, the air temperature
was_on the order of -25° to
30°C, which is comparable to
winter normals, It is this presence
of cold ail' over warm, moist sut
face ail that often feeds storm de-
velopment.

Climatologically, all waves or
minor storm systems approaching
these waters around the edge of a
depression in the Icelandic region

1 1800 GMT, the storm began o
intensify and move rapidly east
northeast. By 1800, the central
pressure had dropped to about 995

Monday that questions about the
storm's potential development were

Figure 3 2100 GMT Monday-
storm center 983 millibars

2. https: // afloat. ie/sail/events/fastnet-race/item/44323-fastnet-1979-irish-survivors-reunion-remembers-those-who-died-pays-tribute-to-res-

answered. The development rate
of two millibars per hour, al-
though not extreme, indicated that
the rapid deveiopment just begin-
ning would be likely to continue
The combination of development
rate and forward speed were giv-
ing barometric falls of up o three
millibars per hour at locations just
ahead of the storm.

At 1625 GMT the Meteorological
Office issued a Force 8 gale warn-
ing for Plymouth, Fastnet, and the
Irish Sea, which was broadcast on
the 1650 BBC shipping forecast
Soon thereafter, at 1705 GMT, the
warning was upgraded to "South-
west gale Force 8 increasing se-
vere gale Force 9 imminent.” (The
term " imminent’ in British fore-
casts means "within six_hours.”
he_weather map for 2100
(Fig, 3) shows the truly explosive
dishicemeng that e St Wiy
within the decelerating storm sys-
tem. Valentia,_on_the_southwest

e rapidly developing
pressure gradient suggests that

around 7°W. These higher winds
generally occur ahead of a devel-
oping storm in the region of maxi-
mumpressure falls, and again
behind the storm and it ass

ated cold front in the rapidly
ing pressures. The latter region is
apt to provide the strongest pres-
sure. gradient along with a wind

Figure & 0000 GMT Tuesday-
‘storm center 979 millibars

shift, and this feature later became
important in the storm's life cycle.

At2145GMT, as the wind really
began to freshen on the course, the
Meteorological Office issued a
new warning: "Southwest gale

e 9 increasing to Force

imminent." Although the leaders
(including the overall winner, Te-
nacious), had already rounded
Fastnet Rock and had the wind
abeam, most of the fleet was still
spread out behind, struggling to

with a central pressure near 980
millibars, which then held fairly
steady for the next six hours. The
associated cold front had moved

a position just cast of Fastnet
Rock, where the raplly. cisin
pressure gradient created Force 1
and higher winds from the west-
southwest

At 0250 GMT Tuesday, the Me-
teorological Office issued a fur-
ther warning that the strongest
winds were yet to come—Force 9,
locally gusting to Force 1Q-veer-
ing westerly over the next six
ours,

Just_over three hours later, at
0600 G e storm. center had
moved 10 a position near London-
derry, while its attendant_cold
front had whipped eastward into
the coastal sections of Scotland

the principal low-pressure trough,
which extended across castern

Figures: 0800 GMT Tuesday-
‘storm center 983 millibars

Ireland and out t0 sea east of Fast-
net. The rapidly rising pressures
behind this trough created what
Alan Watts calls "the most potent
feature of the tragedy:” As the
principal trough sped east, Wats
says it created "0 wickedly con-
fused seaway as the Force 9-10
winds ahead of it were suddenly
replaced by an almost right-angled
shift o the northwest. It is
feature, perhaps more than the
wind strength, that had so many
craft in terrible trouble.” Reports
of rogue seas of 50 feet and wind
gusts 10 80 knots can therefore be
accepted as realistic, despite the
relatively short duration and feich
of the wind

By 1200 GMT Tuesday, the
storm had moved on 10 the Moray
Firth off northern Scotland, head-
ing for the Shetland Islands (Fig.
). The squares to the north of the
storm center in Figure 6 represent
the continued six-hour plots as the

il
H

scene allowed sea conditions 1o
subside over the area, which per-
mitted the widespread _deploy-
ment of air fsea rescue units to aid
the stricken yachts. Had the storm
lingered on for several days, the
toll would very likely have been
even more staggering,

Robert B. Rice is Chief
Meteorologist for Weather
Services Corporation, a private
weather forecasting and
meteorological consulting firm.

Figure 6 1200 GMT Tuesday-
storm center 983 millibars

(I HFHELL FRIR N “truly explosive development”f#y H 4b)
In October 1979, Robert B. Rice published a two-page paper named as “Tracking a Killer Storm” in Sail,

a professional international sailing journal

(The line in the figure highlights the source of “truly explosive development™)

cue-agencies (2021 4£ 2 A 1 Hijjla)).

1979 4E 10 A Robert B. Rice 1E [HE PRI AE 2 31 1 F M 24 78 Sail | &3 T W 1iE 3 Tracking a Killer Storm 42X
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Synoptic-Dynamic Climatology of the ‘‘Bomb’’

FREDERICK SANDERS AND JOHN R. GYAKUM
Department of Meteorology, Massachusetts Institute of Technology, Cambridge 02139
(Manuscript received 24 March 1980, in final form 12 June 1980)

ABSTRACT

1. Introduction

Tor Bergeron is reputed to have characterized a
rapidly deepening extratropical low as one in which
the central pressure at sea level falls at the rate of
at least 1 mb h™* for 24 h. An extreme example of
the development of a storm of this type appears in
Fig. 1. The extraordinary deepening occurred during
an interval of unfortunately sparse coverage of ship
observations near the center, so that we know the
central intensity only at the initial and final times.
Note that nearly the strongest winds occur only
~60 n mi from the center, and that the radial profile
of wind near the center must resemble that of a
tropical cyclone. Note further that the storm de-
velops along the leading edge of an outbreak of
bitterly cold air over the western Atlantic, but that
the cold air does not penetrate to the center of
the low.

A Defense Meteorological Satellite view (Fig. 2),
about mxdway through the illustrated period, shows
a major “head cloud” mass of great meridional
extent, considered by Jalu (1973) and by Battger
et al. (1975) to be characteristic of intense deepening.
on a small scale. Note also the indication of deep
convection along the rear edge of the main cloud
mass, corresponding to the cold front, and the
eyelike circular clear area perhaps 40n mi in
diameter near 43°N, 43°W, near the estimated
position of the surface center. These characteristics
also appear to be typical.

We are interested in this because

to_coastal regions. Even pleasure craft are en:

dangered by these storms; the tragic loss of life in
the 1979 Fastnet yacht race was attributable to a
rare summer,

(Rice, 1979). We are also interested in these storms
Cause (as will B Shown Tater) ACCpeming ratcs
predicted by current operational dynamical models
fall far short of the observed ones, implying that
some physical effect other than the commonly
le baroclinic
play an important role. Finally, the rapid deepemng
process may be a necessary component in a realistic
model simulation of the general circulation. We have
tested the notion that most of the hemisphere’s
deepest cyclones (which usually track toward their
final resting places in the vicinity of the Icelandic
and Aleutian lows) have deepened explosively. Of
the 37 deep lows (960 mb or lower) found during
the 9-month period beginning 1 September 1978,
31 qualified as a bomb (using the criteria defined
in Section 4) during their development. Thus,
explosive deepening is a characteristic of the vast
majority of the deepest cyclones.

2. A three-year data sample

For three recent cold seasons we have studied
this class of explosively intensifying cyclones in
the Northern Hemisphere from longitude 130°E
castward to 10°E. As Bergeron's characterization
probably referred to xhe latitude of Bergen (60°N), a
rate was obtained for

of its great practical importance to shipping and

0027-0644/80/101589-18508.50
© 1980 American Meteorological Socicty

K7 RERR

arbitrary latitude ¢ by multiplying his rate by

A ¥ T % B¢ Sanders and Gyakum(1980)

e Monthly Weather Review & FERIEXHE T
(I HHE 2 A5 A example of the

meteorological

“bomb” "y H Ab)
Fig. 7 The first page of “Synoptic-Dynamic Climatology of

the “bomb” (Sanders and Gyakum, 1980)
(The line in the figure highlights the source

of “example of the meteorological ‘bomb’”)

R SRS S, W BT erick Sanders Z{ 4% i 25
b SE R R G s AR S = R T Sy
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Bergeron(1954) 11 & | 1 AU JE i P 3 & Jig
L ABAESCR A IR T A AU Ry PR K SR i
LITRGE T E ZE R 2 3 & 110 T 30 5L 1) 20 4 .
B b DX A 2 0 AL R M X A A 5 B KU R
BB HE B 1882 4 7 4 1011 HI“ % 1y
MR NN 51912 48 10 ] 1—2 H 3% 19 i fl 44
MWREX” 51921 4F 10 A 22—23 H “Writ A g8 4 W R
PR R PG A5 1929 48 7 78 H Ry I 1Y i
HERA” ;1950 4 7 A 25—30 H “Hr st iy g 4 0
IR, MBAETE 1921 4 10 7 23 H7E#r i 44 4
R AR A — A E L 32 B T O SR N B
1 hPa iy % . Bergeron(1954) B4k & B T S HEH
A LG (B A I B A B 20 1 4 A 1k AR A E S

Sanders and Gyakum (1980) & ¥k W #f 45 T 4%
KA E A e PO T R AE 24 h NG
UL PR 60°N J5 T ] 24 hPa DL L, B AUk
FOAEMERKRT 1 hPa « h ' BEM B AR N
FRARNEAUIE . M 60°N 2 B o 8 Jg 2 IR I 7 /Y B R
MRS B R 22 607N, 7%)‘(%5@7%3}?*4‘)@?
Qb 3t A, 2 Y 25 S . ) T HEAT T b L A R
I 205 2 e 1) b TR 7 A R 30 A 0 U 24 h hi
T FE 28 hPa DL _E A REBOPR A H O 5 1T £ 405 2
AR 25°S/°N Bt i K23k 3] 12 hPa DL F gl ol g
B X RS JiE (Sanders and Gyakum,1980)

2.1 MEEEGSENEE

Sanders and Gyakum (1980) %fdt Bk 1976—
1979 4F¥% 22 (9 H BIKAE 5 HD & A W8 R AUiE
178t KA Bk i J Rk R Z AL T 60°N
DI B 43 A T 30°~50°N, HAF 2 il & 4= T 60°N
LIidt . Roebber(1984),Gyakum et al(1989) . Chen
et al(1992), Wang and Rogers (2001) f1 Yoshida
and Asuma(2004) % ] Sanders and Gyakum(1980)
) 4 R AU A S s Xof AN [i) DX 3 114 4% & P e O g
TG BRI BN EE R Z KT 4
JEHLIX (30°~60°N), B I A I, Sanders and Gya-
kum (1980) 4 45 ¢ 1 A HE 1) Lo o A1 b % o) % 5]
60N 55958 & Ve AUIE I A A 45 BEAE A I 25 . IR UG L 7
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Sanders and Gyakum (1980) 1 5& X JLal |, — s~z
O R R M ANE E S I B A R R 2 AT T B
k.
Roebber(1984) {15 b i Jd] #% £ & ¥k £ 42. 5°N,
SR L AR MR R R
o (PP @as) o
K P AR L SR o B O B 2R B
Fhre—12 fl e +12 4351w 12 h jjJa 2 & .
M Gyakum et al (1989) #E Hb 4% 78 4% 4 B & N
ASTNL AUE I O AR IR R O
R= (P (e ) @
6 X% F Sanders and Gyakum (1980), Roebber
(1984) Fl Gyakum et al(1989) HeF T H K Y Hu 5% 94
B B AU 0 /) 24 b BETE(E %K T Sanders
and Gyakum(1980) 7€ LR . A REAT & 48 & 1S
FER E X, f£ Roebber (1984) 1 Gyakum et al
(1989) 5% X 14 1 Bergeron K#j 5 Sanders and Gya-
kum(1980) 5 X 1y 1. 2 Bergeron #H24.,

2.2 [RIEREERRHEE

iy a2 — SR BB R I ) (] B 22 0 12 b il
HNTZ R 24 h wf (8] [E) BE OR E SCRE K M e
(Sanders and Gyakum, 1980; Roebber, 1984 ; Chen
et al,1992; Wang and Rogers,2001), [ %% Kl B
B3 HF3 i 12 h $2 5 %) 6 h, — L2 K XF Sanders
and Gyakum(1980) (1 48 & PE S e & X H 1) i ] [7]
PR T TIBIE.

9T BB ) I — 26 % i Y < JiE s Yoshida
and Asuma(2004) 318 12 h A0 R E AR
b, E 3 5 R 45 BE AT AR Sl 60° N AUJE Hh O AU N
IE P

sin60°

3

R (P

12

R T 43 A BIF 9 A ) R R S A D R R R R
i, Petty and Miller (1995)E:F 8 6 h O JE
FEAR 10 hPa [ 0E Sk 1 & 1 U

2.3 FEREHEAELE

Sanders and Gyakum (1980),Roebber(1984) .,
Gyakum et al(1989),Yoshida and Asuma(2004 )%
23 X M U I R S b R R A PO U

P PR i SR T I 28 0 SR VAT 2 1 LR 1) 5210
T TR Z L AT b A bR R MU 1 2 L, Fu
et al(2020) 38 3 X o 10 4 & 1 A 191 3 BT 5 A
S5 R R PEAIEA AR A EBARE (DO RE
PR T B (2O PO AR AR B (D3R KL, (D B /5,
Db R 58 AN R IR B T A B ORI 1 L 7R I 2
FEAE o KU PR e R R R B I B
B RNE—HE S B AR . RIS
PAF e 5 AL AR Ry — > E 2 R R 4R
RS E SCH R T L% . Fu et al(2020) )
FHAEF R 1979—2016 4F ERA-Interim %¥ B}, X} i3
110 m gy BE B A SO0 XUGE AT T VR A A 4
AR, R FR A3 MR AT ACHE Y Hh O A N R R R
T 1 Bergeron, {HA B KUHAR 55 . A 19 e K XGEFE 2
HAES 2m-s !,

HY T R A P A X A AR AT 42 4 e KR
IR R A AW AL Tl R KT 8 4
(17.2 m » s DR AR WHE TR XUFUE R G E S
YR R PE AN E P IEFE 17,2 mo« s KUEAE Oy 15
EE G . BIE G B R RS E S AN
JEAIE O R T AR ZEAE 24 h N T Rk B 24
hPa DL b1 H#F T 10 mo @& B2 A dc R KU 2R T
17.2 m « s ', Fu et al (2020) By BF 5L 45 d5, F
1979 £ 1 A & 2016 4F 12 H 19 ERA-Interim % %}
ORI SR 6 392 A TR AUE I A2 R R MR
JE” (R 8 SCAHFL A 1112 AN 1 Jie K KGN T
17.2 m« s ' BOZB .

3 HEFEBR

NZE NI E O R RS Tz
WARIBFEL . ERIZE (2017, LT 4E4 2017 4R )5
FI A I SC » Z G0 e 25 03 1 SE A I 5 BIR .

3.1 4 %

HIF 5% 5 B0, A [R) 58 J8E AN [) DX 3 1 o 4 1 < 1
R Bh R AR A iy S A RRAE S R LA AT B 2%
DA L 5 A 5 R b R DX I b 0 e SOE HE AT A
8 DAH SIIR A | 40 S0 I 5 4 M e
.11 Ak

Sanders(1986) AR 4ff 42 A& 1 A lE H 0 AR & K
TR Z R/ 1981 4 1 H % 1984 4 11 H k4
FEALTVG v P A ke A R =2 il
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“URSJE”(>1. 8 Bergeron) \“H &S Jig” (1. 3~1. 8
Bergeron) \“55 5 ig” (1. 0~1. 2 Bergeron),
and Rogers(2001) G it 43 Hr 7 1985 4 1 J & 1996
3 ] RAEAEIL A BR (157~ 907N (1 1k & M S
W*Eﬁ%?’ifi i F O A B KON 3 1 R/ )
o3 R =28, 43R A7 (=1, 80 Bergeron) [
A E7 (1. 40 ~1. 79 Bergeron) 155 S g ” (1. 00
~ 1.39 Bergeron), Wang and Rogers (2001) 5
Sanders(1986) [ 7 KRR fE A B 2 22 5%, (HESH
SEARE RN S ar B AU 2ER . At
o3 5t D A AT TER B AT 2 = 28 AUTE R 20 1) B ey AR
i o

Zhang et al(2017) F1 il 5 [ [ 5¢ B4 5 B 412 0
A0 BT TR CENL) , 20 B 1 B K F-3 2000—2015
AR E AR 10 ] BIAE 4 9 R P AUE L 3R AR
i MR SR 43 S DU ST S 5 L B 5 AUE (1. 00
~ 1. 29 Bergeron). “Ht & S Jig” (1. 30 ~ 1. 69
Bergeron) . “SRSHE” (1. 70~2. 29 Bergeron) . “#8 31
S BE” (= 2. 30 Bergeron), #HE L4 (2018) F]
FNL % B, Xt 2000—2015 4E % 22 (10 A & K4 4
JIDAER G b ry B R MR AT 1T 20 #r R A
ORI AT 4y S U2, B 85 0™ (1. 00
~ 1. 44 Bergeron), “H ZE K Jig” (1. 45 ~ 1. 74
Bergeron) . “SRSHE” (1. 75~2. 14 Bergeron) . “#B 51
S e’ (=2. 15 Bergeron),
3.1.2 BE#aHk

Wang and Rogers(2001) 43047 T b K VG Ve &
R S RN % 58 I 220 A T 0 o Y 43 ) 3 A
RIA ZA AR L AR 20 A 7 AR R
=2k .NWA (the northwest Atlantic).NCA (the
north-central Atlantic) f1 NEA (the extreme north-
east Atlantic) 24 & S i, Yoshida and Asuma
(200D GEit o3 1 P4 U P b A R R M e, AR
5 LA BRI T b 1) B A AT Ry B =L A
— R KBl b A AR SRR K S M- H AT R R Y
18 k& M S i€ (the Okhotsk-Japan Sea type, O] cy-
clone) s 8 Z 2RI AE Rl b Az 80 78 RS- T K 1 4%
&M S JjE (the Pacific Ocean-land type, PO-L cy-
clone) 3 8 = 2R J& 75 K1 15 7 A il v 7 Ok T ) 4
RS iE (the Pacific Ocean-ocean type, PO-O cy-
Wang and Rogers(2001) & {& ¥ 18 & 1S

ik e R TR s 2 T 23 A Xof b O PG 9 Y 4 e M

BEHEFT 4y 25, 1M Yoshida and Asuma(2004) & 4R #&

Wang

clone)

H R U A BSUFN 38 T s L N TG b R F T
RAEBEIAT 328 . BARMATI Jr SR IEAFTE— E
10 22 5 o (ELER K 8 O 3th A iy 23 2R 1 B AR

Zhang et al(2017) WF 5845 . *ETE‘%Z%'@%E@
Hh G AU B RN S8 AL 1Y 45 () A, AT DA
O v M B R oy R 2R B H ZIK’?ISEU\
7o (the Japan-Okhotsk Sea, JOS) . 7 dt K F ¥
(the northwestern Pacific, NWP) | &1 J§ < 7 (the
west-central Pacific, WCP) | H1 75 K *F ¥ (the east-
central Paciflic, ECP) . At K (the northeastern
Pacific, NEP) 48 & P e

PIHESCAF (2018) 3 M K BL A6 K AR 1<

/R S A o e = P e | A S N N e N}
X jlﬁjﬁ@‘#*ﬁ’%iﬂ]?:ﬂ:jﬁ@?f—i BAER
PG DX R M e 1 5 e 2 T v s e R IR
FRBE RIS+ P[] 2R AT SR Y L URERS S
RV —ARALm .

3.2 RIEZFHIE

3.2.1 R3xaH4HFiE

Sanders and Gyakum (1980) 43 #f T 1977—
1979 ARV ZR b2 Bk M AUNE Y A 24 A AIE L 45
B RN AU 22 R HE R DR P 1 R R VS T Y P AL
Roebber(1984) #l1 Rogers and Bosart(1986) 4t it 43
BT A4 S PG A6 PV R0 P4 A VG ¥ 2k 1k e
[ % % A2t . Lim and Simmonds(2002) 4§ H . 7§
JU IRV o A RO T M AU R A i A i B 2

Y T 70 JE R PVt i s R e . 2400
SN TG LRV R P T e T IR AR BIE ST
FRGMT L8O G437 T 1984 4 8 H =
1985 4F 8 H S A 7E VG AU K-V 11 4 M AUlE » & 1
R I3 M e Ak U B P A AR AE 357 ~ 557N 1407 ~
165°E i1, Chen et al(1992) 43148 H . 2= W 3 [X.
TR A HER R A Y A B, — 2 U T 1 X
TR, AR E M H A, Yoshida and Asuma
(2004) 3 BT Ik g » VU AU R A il DX D U Y 2R
X 3 3= BEA4E R 7E 20°~60°N,120°~180°E Wy ¥ 1A |
IR E AT TR BRI 5T DA B A ] 8k
PEAUIE Y 25 0] 73 A RPAEAFAE — 7 26 57 (H AR 4t P I
IRV P S 8 R M T A B R A ) v
3.2.2 FH EALKE

Blor AT K B e e AUl £ AR TR A
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(Sanders and Gyakum, 1980; Carleton, 1981 ; Phys-
ick,1981;Roebber, 1984 ; Gyakum et al,1989; Chen
et al,1992; Yoshida and Asuma,2004) ,¥% Z= 42 K 1
U S A AR G K T %2 (Roebber, 1984 ;3 Chen
et al,1992), Chen et al(1992) & it #r T 1958—
1987 47 AR WV 4 DX A= 1 8 e M ASUE & B 363 3] 45
AR RA 13 ) & AR ERE 2=, AR Y 350 fiif 1y
KA, MRk % F RN K E
AR B 1Y B AZ AR ARAE

Sanders and Gyakum(1980) & B, Jt.2E Bk % Z=
FR AR AU A AR R W R AE 1 3 8 3 Rt
S 2 R R MEAE. HO11 12 AR 2 ¥ A
ZHBEERIEREH 9 A 10 .3 A4 H k&
R HER A% 0, Chen et al (1992) 73047 1 2%
Pl XA M AU R A A Y 2 S AR AR RRAE L K B
FOR AR W 3 S AE 1 RT3 o 4 R M U
FERAAE 12 HBWAE 3 A HAl A B A6l D,
Yoshida and Asuma(2004) 4387 7 P db K SFHE=2%
H R U R A AR 22 5T AR AL R AR, R B 2R Y
AACRFAE A B 25 53, OF B 2 1 S00E & A 4 8
WEEAE 11 H » PO-L 24 S A e 2 A 03 4 1 Ve {i
TE 12 HA 2 H . PO-O B e P SE & A A 55 i I
HE1 A,
3.2.3 AHTAKKREEGIRLEE

(1) RARHEE

8 M AU S T 5 Bt DX PR A 1 IR T R
JHE » 12 b DX H AT J2 R A AR PR 5 5 o Ay B i P AU E
bR A AR AL TR AR IR S . AR R
B L TR P U Y 2 B R T o e R Y R s P T K
3l (Sanders, 1986 ; Manobianco, 1989; Wash et al,
1992), ZEKFH M T —IC(1989) 43 Hrds Hh, KA %
J2 R T A S PG A R T 4 O T AR AR R K Y
HHHNZ. Yoshida and Asuma(2004) & W0 T
PG AL IRV = 280 e 1 AUE » 2 BRI R it v 28 <
AR AT ) T M UE A 2B BN K B L A R
AURE 1 AR 2 AF TE B8R 1 AR X, Twao et al
(2012) 73 7 A Z= P L RF 9 | 30 AF B R 1R
T8 18 25 Je el R i B AR i M AR i R 1 I
H1 TR ZE R AR P 58 BT 8.

(2) &= 18 M ity e b

Sanders and Gyakum(1980) %& 3, 4t 2F Bk 45 &
PSRRI A R RTIEHA LT = ma il
T e TR s e S AR I B AR T

5 SR AR S . R s 1 R R U R R R R
AW FE AR . o URE PO AL T s R T i
AR AR RAEHBLE . Sanders (1986) X 4
JRAESUNE T8 B 3 HEAT 0 M R B AE T8 B TR0 R
i T O Y 2R T R R B A T O AR TR R M U
R bR R B A AE e T R S R
PEK o BE R BLEAH SRR R

(3) M2 A

Sanders and Gyakum(1980) 43 #r & B . 45 & ¥
SUNE B kA TE T A B AL A, Wash et al
(1988) 1Ak - 1o 28 2t 1 IXC B TE 108 J32 U7 722 5 b 1o
SUBE R 1 B A ) TR R U R R . K
AT L (1989) A B i 25 B Uit 11 XAy bl i
TR M R R PR K R . R R E ST (Uccellini
and Kocin, 1987 ; Wash et al, 1988 ; Cammas and Ra-
mond, 1989 ; Nakamura, 1993) £ B, @ a5 @ i H O
DX 077 1 iR 4 3 L TE T B P R B T B
oy b M e B PR R K R BRI T R B g R
Yoshida and Asuma(2004) 8 1}, =284 & YE R i
08 25 A TR BRI 2 X

(4 3 1 A ik T 2% T BE (SSTOB FE IX.

O3 M R B P ARV R R U 2 R AR TR
I E i X Bt 3 (Sanders and Gyakum, 1980; Roeb-
ber, 1984 ; Gyakum et al, 1989; Chen et al, 1992;
Yoshida and Asuma,2004), Sanders and Gyakum
(1980) A B » g _E 4 A Ui & AR R SST A
Bl LA R H 28 5y K A AE 5 SST B X B I .
Sanders(1986) Bl 5% & W . 5 1 & M e 7 28 3o 2 Ik
DX IR A4 A% B R L 5 AU AN AR AU Y #% Bl B
# K, Hanson and Long(1985) 1 Sanders (1987)
T SR R Y PR R 5 AUE R 25 SST A
JEXA BENGIT M. Chen et al (1992) 43 #r
I B R R i A G R B Y o o A P TR
) B S AE il IR X 3. Ueda et al (2011) 4t , SST
TR MU PR & R 110 3o A v xR A3 BB B A
EWH N, Liberato et al(2013) £ 43 #7 5 X 2% Xynthia
it &% B @A I SST Xt XU Xynthia 5 & 1 &
JEA 53 5k, Davis and Emanuel (1988) . Kuwa-
no-Yoshida and Asuma (2008) ., Kuwano-Yoshida
and Enomoto(2013) 4§ i . # & Pk < WE 75 & 2o I 0%
FR P D DX I 8 9 T B O R 6 T R RRITE AL 3L
REAIR T A2 KA AR P AT fi a0 ) PR 4 J
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3.3 RENH

3.3.1 #HERE

Anthes et al (1983) 2 W4 #F T 1978 4E 11
Queen Elizabeth- [I £ & V£ AUiEds L2 KARHE
PEZ T B R E R R E L H T, Roebber
(1984) .Rogers and Bosart(1986) X336 f1 T —JL
(1992) 48 i, AR Hs R 938 P 0 Y PR 3
JEAE AR . B HPEAF (199D X P I K- E—
AN SR AR T SUE 1Y) K e ok R HEAT T2 W 4y A L A
AR AR E TE UE 1Y 488 & M R i A b e B AR
F. B 99D FIHT X Z-O(Zwack-Okossi)
R TT RS R AR AE VG AU R b A A T R
SUREHEAT S Wi 23 B B 5 B8~ 3t R 2 3 A i i
IR AEE Sz e R 0B H P 1 B iR 3 R 0 3 e
ARE X i B L B I A B 2 R B e AR ) B
TR S, Kouroutzoglou et al(2013) X} £ 4~ 5%
Wi T E A2 Jo 1 2 B AT 1 43 A 4 R A R R
P 7 i i e ik A 40 ) 2 ok A
3.3.2 HHBK

A2 E A W PR TR R R M U R Y )
W2 7T EEEH (Gyakum, 1983; Kuo et al,
199D T ARSI (1993) A K I AR il 5 801
i BRI 25 51 R A O U R R R REAR  J
BAF (1998 fIF 58 S B » B 45 T8 £RORE JOGH e 1ig 2 B
BOMRZ A A I A EE ., 205 H
(Kuo et al,1990;Bosart and Lackmann, 1995; Gya-
kum and Danielson,2000) #F %% iA 5. SST i 7+ 5 <
o 75 J% AT e R RO TR o 2 U Y AR K
K&,
3.3.3 EMmEFR

BARFMT —1.(1989) ,Wash et al(1988) 5 !
A2 Bk 2 0 1 XS 8 T P i R
PEATE PRk AR TR R SR . E S SE
(199D F AT MM4 58 AL 45 51, % 1981 4F 12 H
20—21 H R AETETGIL R F¥E B — A48 & e
HEAT B I A Z-O J7 #2132 W43 A & B . OE I
WX R E K& B 51 Bk % K. Yoshida and Asuma
(2004)TA Ay » 109 B SF- AL ik J32 - O PR P U 4 2
S SE R M e F B T
3.3.4 BEEATH

Bosart and Lin(1984) ., Uccellini et al (1985) .
Zehnder and Keyser (1991), Reader and Moore

(1995) . B i 3 FFMBUE (1996) NN, LA B K A 1R
B - 2 25 N o e PR R SR A — > T
ZME . FF G ORI ZE R (2001) | 2 R A 49 SC
(2002) Ay » HAT B IR AL o BO(EL Y 15 248 =5 A
T A5 00 T PR TS AR ol A v 0 X b B2 %) 398 i AT 3
AR R A RN AR . TS B AR (201 DI R E AL T
A 0 W AT T B AL 5 BT T A ) R e 1
J& . Cordeira and Bosart(2011) % 3 , J5 45 5 iE 04 1
S I A SE B Z A 103 7 5 5 = J2 AL R SR
Al &R . BEREE(2008) A K, K2 KA A iR
1 3 BV R A A — s U K S
3.3.5 R ETE

Bleck (1974) . Uccellini et al (1985; 1987).
Hoskins et al(1985) ,Lupo et al(1992) 1Ak, S i€ b
233 J1 % 2 T 4T & (dynamic tropopause folding)
i 2 2 gl i H AL O Y b2 98 R SURE I R K
PER R B EEAEN .
3.3.6 FHHkiA

Uccellini and Johnson(1979) 48 H . 7E 55 &5 & i
EE DX 0 A b e XL A 1 JB S R R R T X
TOHRBEMR R, BAFAF(1998) Ny, i 2 B EE Y
TG s TR ASBE I 18 BE U AR L A A5 AURE 7E I
EAEPUVEEMEINE ., Riviere et al(2010) 7 %F 1999
AF12 H 2426 HAYZF A Lothar #E 17 BUE AL
BB T R B U Y IR R R o Bk R
T 1 TR A 25 18 8 5 2 DX B 8 28 2 i 3l )
SR 38 0 H TG K A T A AR
3.3.7 ZAHLAT

HHHINK AT RER R R Z N T 256
YEFI I 45 5, Rausch and Smith(1996) 1A\ N, B &
P Y J S X T 2 v R 2 A 308 B P I I U
A2 PO A AR JZE ) B8 L SST B 3 b v v E
FIfe &l a5 2 NI EAE S . SO M T
—JC1996) %k B | 1) if 5 0 4% R Ve AU AT T2
W 23 BT 5 DA R U R S i T D O R R R S
SO B A RN AU R R A T TRk .
H 25 (2009) TA Ry “E 1) 48 P e v (IR 5 2 it
(R B VE T 108 B2 SF- Tk 0 235 v A 4 DR A ) 4 D
R4 F . Nesterov (2010) G343 #1 T A 46 K74 ¥
19861999 47 fy kg e A O » 4B S e A= 5 0t
PNLRES TR =R VO NP NIUTRE 7 I (=4 QR B (3 I 2
PARERE R EZ DR A K.
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4 RokEE

AR R AR A R AR R Al A U R B 2
R ZET AT — 200 B A5 1k
i 3o il M 3RO P B LY R R SRR T A AR
RAHAAF, BT 5 T 458 A 1k B 9 AT K5 A8 LA T
=7 R B

4.1 RRUEZEX

HT T4 20 228 B I ASC % 19 22 WL T A Y
AEK S ST - A DA s e L) 7 45 A 1 e L R TR 2
PURIIIEESSS S I - sV R L NS (NS E A AN i
FB 2R 0K TR U2 W BLRE S AL o3 7K
3 R 5 A8 B R . TR Y Metop (Mete-
orological Operational Satellite)® T & .2 [E NASA
i) NPP(National Polar-orbiting Operational Envi-
ronmental Satellite System Preparatory Project)*
TUAVR VIIRS® S 4 L b [ g R s R 51 FY-4A
PR, miF 5 TEQIISAHE 12 A 29 HEH) . &
=9 TR (2020 48 10 12 H RS 5, mz
Rk A 89 CALIPSO Fil CloudSat ¥E4} .

4.2 REBINRKE

N s gk R B OB 5 IR R ) RE 4 I R
(Rautenhaus,2015; Rautenhaus et al,2015) #{ A 44
B AT R i AR AU 5 & Fh R RGN
PR R BUR B4, 5 28 TR e A B A
FRETE MR R . TR BRI S 3 B
FETh.  ERAS BB, DL 3 5L 22 B #1E .
Met. 3D #4°, i 15 = 4k 2= EI DI BB A9 H 25 98 K, A
1T A6 B+ SEHUE T G M A5 ) b 20 At 3 e
1) = 2 25 (] 45 48] 1T B ] 8 228 AR A0 o PR 2 90 0T I 42

R AT B T B R R i v I R ) ARE 8 R R e B
F) AT RE I B B &, 5 = A AT RE 7 AR BT 9 ¢ New
B B B AR5 4 M U Y
FH A I E U e B K A gk 4y A KR RN i
WA R M Jonathan E. MartinZ#2° E # % i€ #
9 LA S5 (2019 4F 10 A 3 H 76 78 [ B A& A1 I N
Kloster Seeon 26 Jp ) 19 Cyclone Workshop | 7 A FA
NBZH o

Synoptic Meteorology” .

4.3 EETHER

A BUEBAUBT FESE R KW (Sun et al,2017) 7
S ERAZ I (Y 820 T A UK A A S5 R
e, [ 7E ek UL ORI 50T 1k
P B SR B B R Sl A A S BLUEAE R AR L
Pl — AR ARRA I, RAFIEN A H 2 F]
FHZ5 J& 1 4% ol iy B A A0 ) B 5 56 A R R X
DA R PR 3 S8 47 25 1 D4 4E 7 2y [R] 4 (4D Var) H0R
DR OR 4 g o k= e 265 A 00 R T8I A0 2 T L
i 2 ) A Aol A A L B % ol 98 - - - DR 5 46
3 FFFE R ERMR AL HR 75 357 T 4 A 1k Ule iy 22 Ak
P g TR T R A RO R LR R U
ARAG RIS 7 T AT i A O T IR AURE B F 5 5
LM T B A AR R R

5 hit it

AR SO S BT A AURE T ST R T SR R A
T RER MR X — AR A 1 i B2 I X Sand-
ers and Gyakum(1980) ., Roebber(1984) ,Gyakum et al
(1989) . Yoshida and Asuma(2004) .Fu et al(2020) %%
25 B R MR U E AT T R G . 4R BIE
J YRR M AU AE S5 AN 25 P e H 0 ¥ R TS
JEEAE 24 h N F FEis F) 24 hPa L L, 1 H ¥ % W

3. https: / www. eumetsat. int/our-satellites/ metop-series, https: / www. eumetsat. int/metop(2021 4% 2 H 1 H {Jj [a] tb B4~ 3D .

4. http: /nppem. gsfe. nasa, gov/cer/npp(2021 4 2 H 1 Hijjla)).

5. https: // ladsweb. modaps. eosdis. nasa. gov/missions-and-measurements/viirs/ (2021 4E 2 H 1 Hijj[a)).
6. “RM 5" TR (FY-4,2016 4F 12 H 11 H &SP FZHRMALE Ky 10 508 18 41 BUR AL T35 8RS 3l BLERAR DN # B A L CCD A AL A i

FRAE S S S A TR [ 4 P B AR A ] g 15 min,

7. ERAS BEkHE ECMWE 3 415 14 42 3Ry Bl 1 56 T KA i st 0987 1 78 S 119388 /N i 7843 BERE , KT 43 % Sy 0. 12570, 1257, 31k 7 ) Al 2 3]
Eas 80 km 43 137 A2, UG a] 5 [0] https: / www. ecmwf. int/en/forecasts/datasets/ reanalysis-datasets/era5 (2021 4 2 H 1 Hijj[a)).

8. Met. 3D £ B RR A2 — K AT B33 T v RUBE R AR5 G 19 = 4 25 PV SR 3 400 ) B 7T 377 1) I 34 < hteps: // www. rrz. uni-hamburg, de/ueber-uns/
personen/ 3-mcc/ rautenhaus. html 5 https: / met3d. wavestoweather. de/met-3d. html (2021 4% 2 H 1 Hijj[a]).

9. Jonathan E. Martin Z{4%fJHE4E jon@ meteor. wisc. edu.



NS AR R MR AR 4 A 271

10 m @ B RARKGEZERTI7.2 ms ' Jhhik
RGNS TR ANk A T ST BUAR X2 3 1T 76 DA
JEE R DX S b %) kg e Ak OB 23 26 AT T [T, )
H A URE e R (B M) A 5 3R 1 o iy BN 1 A
RARENE IET P00 =S SO I R S B —
BEAT T 93T I X 4 Ak SO K JE ML AT T A -
RHEATEE T PR IE 3 BE PR 2 A2 T8 T A%
XWEBr S, LIRS i a2 W% &Ra
Xt AR A 4K P U A B T ML 2 S AR
S TR B = AT AT TR

e AEASUEE Z — M NIAE 2019 45 7 F 13 H
ST AR RE” /INPE R A A IE 4 5% T it I L2
Y a AW DL R IR S D) &

Y QiR
21 A i S AT
UIPNSUIR PP
PRI T RE,
TR 1658 J7 A0
TRURY- L i 70
i i I A R R
BT R L
HERATR TR

2% ik

TR 1993, Bl 3 S JE #% % 1 Kk T 14 8 3 2 43 A R B i 5
[J]. ERL# (B #8),23(11) :1226-1232. Ding Y H, Zhu T,1993.
Numerical experiment on explosive development of marine extratropi-
cal cyclones[ J]. Sei China (Series B), 23 (11):1226-1232 (in Chi-
nese).

TR SRA R, JE AR IE , 45, 2017, 48 & PE S B BF 58 B9 B LT . ¥ R4
23,37(1):10-19. Fu G, Zhang S Q,Pang H J,et al,2017. Review
of researches on explosive cyclones[ ]J]. ] Mar Meteor, 37(1):10-19
(in Chinese).

BN SC L ZE NG, SR TS HE L AE L 1999, W VR A SUE MR K M R R BUE IR 5
(). "4 %4k . 57(4) :410-428. Huang L. W,Qin Z H, Wu X H, et
al,1999. Numerical experiment on explosive development of marine
extratropical cyclones[J]. Acta Meteor Sin,57 (4);410-428 (in Chi-
nese).

R T I, 1989, FHIL KT 1 R R 12 W A [ . 4%
% .47(2) :180-190. Li C Q,Ding Y H, 1989. Diagnostic analyses of
explosive cyclones over the northwest Pacific Ocean[ ]J]. Acta Meteor
Sin,47(2) :180-190(in Chinese).

B J 5% U0, 1998, AU PRk SR i BL ) 4 BT [ ). gl 18
(4):348-354. Lv M, Zhou Y.,Lu H C,1998. Mechanism analysis of
rapidly developing cyclone[ J]. Sci Meteor Sin, 18(4) ;348-354(in Chi-

nese).

VRS, PMBU 5 1996, SUBEHR & P & e 5t 2 1 3y I R AE B RE 1 2 F 5T
[J]. KABH%,20(1) : 90-100. Ly X Y, Sun S Q. 1996. A study on
the dynamic features and energy conversion of the development of ex-
plosive cyclones[ J]. Sci Atmos Sin,20(1) :90-100(in Chinese).

H LR SC AR L2001, T P ORUEE SUNE A JR Y A5 R TAT A i 2 M LT ] R
F2F4R%,59(6) :560-568. Shou S W, Li Y H,2001. Isentropic poten-
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