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Energy Analysis on a Heavy Storm Case in North China Caused
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Abstract A heavy storm case over the northern part of China caused by typhoon No. 9406 (Tim) is investigated by
means of energy analysis. Very strong enhancement of precipitation occurs in the northern regions when the typhoon
is still far away. When the typhoon comes close to the westerlies, it gradually shows the characteristics of mid-lati-
tude cyclones. This paper focuses on the energy variations between the typhoon and storm regions. The temporal
and spatial distributions of apparent energy, latent energy and kinetic energy are discussed in the process of the ty-
phoon’s transition. The variations in the energies in the process of abrupt enhancement of remote precipitation and
the kinetic energy balance are studied quantitatively. In order to further prove the conclusions drawn from the case
study, composite analysis is made including 5 other typhoons which are similar to the typhoon No. 9406. The main
results are as follows:

(1) Though the magnitudes of the latent heat energy are less than the apparent one, the advection of the former
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is stronger than the latter’s. The maintenance of the total energy is largely due to the contributions of the latent
heat energy before the tropical cyclone captures baroclinic energy when it comes close to the westerlies. The contri-
butions made by the latent heat energy are about two times larger than those made by the apparent heat energy.
While the apparent heat energy could reflect the process quite clearly in which the typhoon is transformed into mid-
latitude cyclone.

(2) The causes for the abrupt enhancement of precipitation far away from the typhoon are rather complicated.
The apparent heat energy field shows the interactions between the tropical cyclone and the mid-latitude trough. The
apparent heat energy advection associated with the tropical cyclone gets together with the apparent heat energy ad-
vection coming from the westerly trough to lead to the rapid energy increases in front of the trough, which could re-
sult in the sudden deepening of the trough and thus the enhancement of the precipitation. On the other hand, the ki-
netic energy coming down from the upper troposphere seems to play a role in the enhancement of the precipitation.
The rapid coming down of the kinetic energy may be connected with the strong latent heat released about 6 hours
earlier by the convections in the typhoon cell in the southern areas. These processes depict to a certain degree the
mechanism of sudden enhancement of remote precipitation caused by typhoon. and these patterns can be used in the
prediction of precipitation in northern storm regions. But the mechanism for the sudden coming down of kinetic en-
ergy should be studied further.

(3) The advection through the south boundary of the northern storm region shows that before the typhoon enters the
boundary, the apparent heat energy, the latent heat energy and the kinetic energy are transported directly from the typhoon
area into the northern storm regions in the whole troposphere. After the typhoon enters the boundary, only the apparent
heat energy keeps transporting into the northern storm regions in the lower troposphere,

(4) After the typhoon enters the boundary, the losses of kinetic energy in the northern storm regions are com-
pensated by the incoming kinetic energy from the west boundary of the storm regions, by the downward transport of

the kinetic energy from the subtropical jet aloft and by the conversion of the baroclinic potential energy into the ki-

netic one,
Key words tropical cyclone, heavy storm in northern regions of China, energy analysis
- L BRI . SRR T 2R
=

Py e R s IR E AT BRI FER ARG
Z—o BIR, WA WAL PG IER A £
B2 B e s A e ) 1) S B AR A 2~3 4,
FERRAE 125°E LAPYHT AL b a0 it B <
i€, AL AT RAE XT3 A H 2 3 X Y
PO e, TEVERE IO VE TS o A I 2728 Ve by B i
SR AR, GO TR A 2 T 98 SR 48 i 12t 7
KT 4 KT FE. Klein &[] 5 4F (1994 ~
1998) 30 /™78 14 1y AT AU E Sk 45 L 728 1 O TR AT X
Jighy 3 ANt A Bl e S RHE KA EAERT, 23
TR S B AL (dipole) 5 W BEY 5 250 i H BR
SR TR DU )2 B O 1R 0 AR AR R 0k
Foley #ll Hanstrum™ (4 i1 2210, B e A8 T 1
KB 26 B A W S A 8. R TR BE
A5 A BT et JRA s EYE, A
FE R THE PH AUER A8 P . 1 Shapiro 1 Frank-

TP AL AT R AR A O L/ o SR BE SR JRE IR 1AL
S SRR R T R AU
TAFDOS I Y 2 Y0 B R, o R L R R 1 AL T S
o AU SRR H 90 E R JRRIE EIRY
BRI A4 A 56, Bosart 28 il Thornceroft
SETHISLIARIFZE T $aly SObE RN rh 46 B2 R G A AR
FHUA KR SR ) AR PR IR, 48 R R B BRIt 19 22 4k
G0 e A5 308 S5 ) 6 8 S AR B A G
FEAG TR X AU R Ui, B
IKGEIRIG R ) Py BEALRI QAR AT, 5T
WURE SR 2 R AT XUD) S A s B RN B, BRE
AL 30 PR Aefs B 55 v 6 B BRI R 0 L R PR R P A S
S Raiilp A

Pl Ui e TR = RE AR g8 e A e
=R K it i, R & AN R R GEZ (R g
I 9% A% . Thorneroft %50 Hl Hart 555 (1
WFFERB, B Rl e 58 I Hh 46 B2 R A5 R BE



44 HRIFT-AF . —UAETT B KA (9406) fERRFAE

No. 4

ZHANG Su-Ping et al. Energy Analysis on a Heavy Storm Case in North China Caused by . .. 647

i, WHAR R RER SE7E Bl 2R 55, PREK 55500 45
B ST AR ARG R R RE IR, v REFE A K
Sy B AT fof 08 8 5 LA R B A . R R il R
HISED I ST 2 B, O BB TRT A M DA Ry 5 il 5 KU
— M ERER“HER ARG, B X H L IR)Z 1AM
IR R SR Bl B2 1 1 & R I Z A 28 W 11—
ANEEY IR, FIE R R, RS
KGR R UE s PRI RE PG, HAIM
S PR IRRE R, X2 TAE RZTHEPE S
TEA S BN RE A7 o /D00 J iy e i Ay %%
T 3 A b ASOE X 2 T DX R RE 1 AR AL A 2
. ASCRIFH— U R LG WA PE I 7™ A e i
SRIEAKIRE . 45E 2RSSR A BB, ARE
ORI BE T U A B E o A0 B B AR PR ek R e i R
RE. VR IABERIZhRERE REAFAE . AU 7 255N X BE & 1) 248
FE A Kb Ty 25 W X S REAE AL i JE AL
2 #‘ERFFE

WA ILARE L G e XY, #EA 30°N DL
b 125°E RAPG A1 S05E A 52 i 3% 1= AL J7 i) #aiy
e, M2 mn R E A I e, HIF X
HABTE (33°N~45°N, 110°E~125°E), #ek it
XIRFR AT R IX . THE TR I E] Dy et ST
LR FEMR NI R 30 /NI, I [E][R] B A 6 /N, IF
LR FZMA I E] (AR R FR 2 IR B (] 8 $AHE e oo
#EA 30°N Pidb. 125°E RAVG IR CHRZm R R] S5
GRS ] AN VT BC RE o B 3 A 5 Rk IS 8] Ay 52 i B
B T, G —BUog A c=0 B Z)],

45°N

HoHr 6 /N e=—1, HJ5 6 /Nl (=1 5 Z1, L
B, 9406 B XIFI 2 ARy 7 A 12 H 14
B Attt FED IR REESY 7 5 11 | 08
i, I 2 9406 5 XUPE AR B 2R R T IR 0B
POk ROk A EA LR R & XA W
I T WL A 7K AT NCEP 6 /)N — Y ) X3
FESE . AIHT 9406 5 E R AT AL
6205, 8108, 8407, 9406, 9711 E-& XL,
PR AS S SRR RO B RED
E=cT+gZ+Lg+5V, (D

ARSI 1 0 AR, 5B 2 WUNIRE. 5
SHWUNWIAGE. 25 4 WM RE. Hoh o, = (1+
0.86¢) ¢ (cpa=1004.0) T2 E R, L=
2.5X10°—2323(T—273.16) WEELEEI, g N
W, Z Rw . g HEISIGEEE, T Rh4axhii .
RLREI O= g Z Wi

3 9406 ENEWHRK]EHE

3.1 9406 & XUt

9406 ST 1994 4F 7 A 7 HAEIEATE AR
LA JR ) PUALTT A2, 11 H 08 i 76 A5 1 Al i
TR, 9406 G )RS R PEIE, S5 115°E
FEATAALR Bl Sefn g R . VI L. TR
TR T 12 H 14 WA 30°N RUb. SO
FE AL PG (B 1a) . BT 6 XS T XU
ARHE A A AR B F » AEAET5 2% W DX IR T ] 56 o
K. JRERHIEE 300 mm LA E RS FEREK . BEKIT IR

(a)

40°N+

35°N+

30°N+

25°N+

20°N+

15°N+

V)
10°N . 2, ):“’@

9406

45°N

40°N A

35°N 1

(b)

105°E 115°E 125°E 135°E

N
105°E

110°E 115°E 120°E 125°E

B 1 (a) 9406 GREEAE; (b 7 H 12 H 08 Bf 6 /NIFFE/K (BAf7 . mm)
Fig. 1 (a) The track of typhoon No. 9406; (b) 6-hour rainfall (mm) at 0800 Beijing Time (BT) 12 Jul 1994
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*x1 FEWEX 6 /IHTEHHEE (EA: mm)
Table 1  6-hour mean rainfall (mm) in the northern storm

region of China

01/ L 2 6 /N Bt
Date /time Calculation time  6-hour mean rainfall

1994 - 07 - 11T0800 -5 13.5
1994 - 07 - 11T1400 —4 3.7
1994 -07 - 11T2000 —3 4.6
1994 - 07 = 12T0200 —2 4.9
1994 - 07 - 12T0800 —1 33.9
1994 - 07 - 12T1400 0 20.0
1994 - 07 - 12T2000 1 21.3
1994 - 07 - 13T0200 2 27.0
1994 - 07 - 13T0800 3 26.0
1994 - 07 - 13T1400 4 27.8
1994 - 07 - 13T2000 5 22.0

e R Z: 0 RFFIGRMIE], 1 RS 6 /M. —1 AHT 6 /NI,
DL EHE CRIRD

Note: Calculation time: 0 is the influence time, 1 is 6 hours after the
influence time, —1 is 6 hours before the influence time, others can

be inferred in the similar way (the same below)
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Fig. 2 850 hPa circulations: (a) 0800 BT 11 Jul 1994 (the typhoon landed); (b) 1400 BT 12 Jul 1994 (the typhoon entered the storm

area). Solid line: isohypse (dagpm); dashed line: isothermal (°C)
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®2 11 BHOSHERFD (RH—&KEEL) SEEXR/ND (R J/ke)
Table 2 The energies (J/kg) in the central area of the typhoon at 0800 BT 11 Jul 1994

S i MbEE g e [z Bl
Isobaric surface/hPa Total energy Apparent heat energy  Latent heat energy Geopotential energy Kinetic energy
300 2.62X10° 2.50X10° 3.0X10° 9.70X10° 1. 00X 10?
500 2.94X10° 2. 74X10° 1. 4X10* 5. 76 X10° 3. 50102
700 3.20X10° 2.88X10° 2.7X10* 3.02X10° 3.50X10?
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Table 3 The variations of the values in the center of maxi-

I E{E (500 hPa) B354k

mum energies (J/kg) at 500 hPa accompanying the movement

of the typhoon

HERZ RIRE G WIARE
H 31 /15t ] Calculat-  Total en-  Apparent Latent he-
Date/time ion time ergy heat energy at energy
07 -11T0800 —5 294000 274000 14000
07 -11T1400 —4 294000 274000 14000
07 -11T2000 —3 294000 274000 16000
07 -12T0200 —2 294000 274000 16000
07-12T0800  —1 294000 274000 16000
07 -12T1400 0 297000 275000 16000
07 - 12T2000 1 297000 274000 16000
07 - 13T0200 2 297000 274000 16000
F4 EAR3, BEAEGRHSTER
Table 4 Same as Table 3, but for composite analysis results
BHGE WHhig
R Z SRR Apparent Latent heat
Calculation time  Total energy heat energy energy
—4 330000 314000 10000
—3 330000 314000 10000
—2 330000 314000 11000
—1 330000 314000 11000
0 333000 315000 13000
1 333000 315000 12000
2 333000 315000 12000
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300 hPa Z¢ R I (WS , 55 HHE e % I 11
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Table 5 The variations of the values in the center of maxi-
mum Kinetic energy (J/kg) accompanying the movement of the

typhoon

H /] Date /time 313} %)| Calculation time 700 hPa 500 hPa

07 - 11T0800 —5 350 350
07 -11T1400 —4 270 300
07 -11T2000 —3 270 300
07 -12T0200 —2 350 270
07 -12T0800 —1 270 240
07 -12T1400 0 240 270
07 -12T2000 1 270 300
07 -13T0200 2 300 350
07 - 13T0800 3 350 400
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