=405 M " £ 2 # Vol. 40, No. 3
1982 % 8 A ACTA METEOROLOGICA SINICA Aug., 1982

ERESRBERZRESH
W R OEXR KRY

GERREHRHER

£ g

EXXH-AHERENERARESERAFALERNIBRET TREZ2HT. HET
HEEFEHMAERME. EREW:. (1) ERERMENERSIRS, H5HREAKHIELRHR
B, TLMBEAEREER—A RN BEHARLE. (2) ERMEEAESEENTRN
B, #AORFHEARAAR. RZEMEE, HBEEXREWN, REME BL6RK HEEDE
H. HEELBFBEEENEHLEABRFHERRHN. HbUEESRDE, GREA
RERGMREEAROFRTHSBHUERL. SESBROFESERZEM, EBELR
FERABFREEMEM, 3) EERMERXBEHRAMERK, ALERAKMIRAR
BUSEATEAS, MESAEEEFENSE, NWAFEXIFFEMIR, XFRLRT
EEEREABFEHEERN—FEELTR.

—. 5l

A M PalméntIx} & X, Hazel (1954) EWEEFHET REOMRZ)E, 9&—?&%4‘}7&
MR EERL T, BERRTIERMEHAH. HTHREER, ﬁﬁﬁﬁﬁ]:ﬂiﬁ
2, .

1976 4£55 13 S4 R (Billie) 2 X EXMBEENBREN Z—, 8 AW EERTFEXS
WX 2E LAERE, —HERREESRBS, EBHRANNERRE. I AXEAESESE
B, 3T 10 B X ERBRERIBEE kR, ERBMENRREEGTERE
ok 88 (24/hE PO EFE 35 B2E)., HERZAERBERLHREW, £ 10 B 20 Bk
i, UTRBREASFFEER(E 1a). XERBRM, EFE—REBHEER
SEERFET . 11 B 20 HARILLBREHASKREE., SRABRZEREREHE
W(E1b), BEZ—-SHH. THERNHREM, BE. J K LIEMEESZEEEE
BT RBN. HHEGRABME, REEHER LAHRT. 12 H B8 HASK M4
MEMHBEE B TREARIE ARBERERE 10), ZRERRLEFRBHEES, &
REBESFEBERRL, DRUAERS KRN, X2—-1TREGRSERE R
SHAEERMHARFF, X dBROHEREWNR, BEHTEFRTREATRIE
FBLE],

jilli3

* FLT 198045 H 10 AHcH, 1980 42 12 A 10 AR E%R.



290 g 2 # # 40 %

a 10 A 20 it
100 110 120
100Te
o
*\H/
30
1010
10‘020

b 11 A 201



3 4 W ORE. BEERANREESW 291

c 12 H 08 i
M1 mExKE
(ARENFTEARD> R o)

R & R - N 5
HTFHRIHE RS R B s REE, JMIZHMER BB LIRRINEEES
Eoﬂﬁﬁﬁﬁﬁﬁ
fj V.ve—vy-k(V— W)——(a)k) Jdpdo‘+R (1)

e K——f frapdo, k=i (+HRBERERSMATEDDE. W HFL%

%ﬁﬁﬁﬁcg%%ﬁ%ﬁ¢%%%@%°ﬁ%ﬁ%ﬂ%%%k#%%oﬂuﬁﬂjﬁ

[P
oK
8t

(2) REDET S MERHREHE, BRAKFEERE, EEEEBENRNKRES
KRBREZRMHLER. 4R>08, RakREREDRRRNER B, R<0,
KRR, FLERXBEAXTEE,

AR Ry e

%:%ff[oa—b,,V'NT(f;—W)

=G, +HF,+VF,+R (2)



292 e # ¥ H 40 %

0

~Crg5 (NTo) +N@Q ]dpdcr (3

)R

v=1—(5)"" eakm

P,0,)=2{ p(z,5,0,0)doREHUE,

Q Riptmink, HEERL, GRAYSETH

%—=WA+HF +VF, 4G, (4)

(DRADBBKKRE R HIFRBE IR E RO GEEE, A6 MK B RiBE,
EHERHEMESRTIRHAERMENE. FXRAM(ORPH—EHETIHHES T,
RiTSEHEERE,

BB mEE, 251976 428 4 10 B 20 B2 12 H 20 #FAY1000,850,
700,500,300 #1 100 EE I ABESEE M EEDMELNA, KEHRERD 150 AH, £
HEHRsE 10 8, AP=100 2B, 57T HBRAMCFESFHTEHCENGRE, &£
ERETTFRMEFRLE. BEMEAE A% MAHE, A O/Breint™ JjkiT
E, BEITERNBESREES 2. AR

Oy 7 Ox

oS - + On . (5)
WHRRAFRSY, £y L. T AXWREOREENSE. FRHRIE,
vip=¢ (6)
KA SETHRER. V, *DV Zglb)
Ve=—Exvy, V,=vz (7)

KHRBHZRRIGERELR 4T, FRBEEESR. EEATRENERY
R, HEQOMGALRSXR o Rl AEBHH(EE 1 FiR), o BHERBRLS
8.1 % 10113k32,

=, Bbi& K3 RE

£A 10 B 20 B¥+Fn 11 B 20 Hi}%lliTémﬁumﬁﬂMé&ﬁm%RmH’Jﬁ% Ein
W NI RERRTEL,

M 1a v BN, fRBHESEBHOIREER/NN, ERREREER/ X KB
1, EXNEBTEMLER/MERR. SHRMHEER ¢, 700 ZOLATHEHE, £LE
BABRX, AREBE, SREEARE, HSEDESES MM, 700 BELL LM
BRBMEMMHERE, AREMNKEE LR, 300 BEA—6.72E /%2100 B, ¥
B MR A —20.26 B/K? X—BURAXAMHAZBEHIRAMIDRT. NER
XE, FHEAHKEERLER. BRARD, NN 1.383 /K, BHIE REEE
B (200—100 ZBE)LIRMERFT R, VF,. MM HF, BEHF, Bk G h—4 &%,



3 H W RE. BREERAMEREST 293

HEHMH R UFER X RS ERZH. B2 KRGS I R, ki
BRI EFEREIFAEE, EHFHRFESIRTHIMTENMILZ, FETLIEX
TEREER—AHEBEHARE". L8, XHFREREFFEREELmL, BE
ERbmAEIRLREI. 1970 44 Celia § R, MK FERREMNERERLEN
B T, HERRTUN—1BH. '

R RERP REXANTHANSI R EhRE T OERENHER. ERAREEMNG
BElR, RNREMEBLE. EAGTFHITEALRERERMR G SR EHRA LY
RS, Hik, EHEAERBMEEDHRIARSE Y, PEMREISNRTEHIEPEEE
EEENEM. ZERZIHNFMEREZH ZAn—FEEEREEHE. BE—5T
RENAZNF HER, BAERTXFHHEEHAGIE, THEEWEHTRERD.

—BINAEREBE BT Z A FORTE, EELEBNERE/N, BEuhT A%tk
B R F R R, Fin LB, ERMEREE. M TRANBBER, X
VIR RE 2 EER, B TRRMHER, HTHEERRN, BOHMRNAREESN

x 1 SRR T

a 1976 4£ 8 A 10 H 20 it CARLE/K?)

B & 8k /6t G, VF, HF, R
200—100 «0.95 —5.88 0.17 —1.16 5.92
300—200 -1.01 —6.72 ~0.34 0.18 5.87
409—300 —0.75 —4.91 ~0.06 0.05 4.17
500—400 —-0.39 ~3.37 0.27 ~0.30 3.01
600—500 ~-0.15 —2.18 . 0.20 ~0.39 2.22
700—600 ~0.15 ~1.18 0.05 -0.17 1.15
800—700 —0.22 0.30 ~0.06 0.10 ~0.56
900—800 ~0.42 1.67 —-0.30 0.23 —2.02
1000—900 —0.57 2.01 0.07 0.13 -2.78
1000—100 -14.61 —20.26 0 —~1.33 16.98

Edmon %5 ~3.0 ~8.0 0 0.5 4.5

b 197648 H 11 H 20 F

= % ok/6t G, VF, HF, R
200—100 —1.60 21.86 2.93 ~0.65 ~25.74
300—200 4.05 6.15 0.18 1.71 —~ 3.99
400—300 3.20 ~0.28 ~0.77 0.42 3.83
500—400 ~1.95 ~5.57 —~0.62 0.53 3.71
600—500 —4.00 -8.56 ~0.59 1.80 3.35
700—600 —4.25 -9.00 -0.30 2.03 3.02
800—700 ~-3.80 2.29 ~0.78 1.82 ~ 7.13
900—800 —~2.30 16.18 —~1.48 1.45 ~18.45
1000—900 ~0.75 15.68 1.43 0.57 ~18.43
1000—100 —11.40 38.75 0 9.68 —~59.83




294 g % % i 40 %

BHRER. MARERS™ENDRL, ARXEEHKE LB, HREAEBEHIEZEERA.
SR TEEFSHBOT RS, ERBRKE RAEE. JbXmREEE R hAa %
PIHEAE. % 1a BJa—f74AWUT Edmon™ 3t 1974 £ BlIL 3% 9 X, Carmen #yit &
R, EREXHAGIEE LR8N, Bk, XA RTRA —ZHEREL,
BN H - 2R E ST TRER N EHARGRELTE,

%1 (b)) AR GFARBASRFROZ TR, SHEMHSRALEHENER. D
Ref A REMNKE LBRHAEHE, 800 EELUTHERBLEENK, dRI/NMIAME,
ERRER M SRR RE PR ERGANS GRS, BERSER G HE
{6, i538.75 /K SESHEHEAERMEEDER, RHREHE RS LELR
BHRENHIE. XABRERNRERAME, BEEERITZENZDEL,

SGLpk, REERAMBREIBEERN. FANBHHBLIERR—RY., 44
RBAFERFREERN, BROEREERAREFESMHER. FRETREHS
4iln, BREDRHETREZEMERN. Erbiidixsdy BxDek& R nELy
945

M, BREHIE T — 5 o b

AR W, SRERIETRDEEHPNAS, TEAESRERTIBTER

KiEf, B SBEEE—-FHIH.
TuﬁG:ﬁ&ﬁ%ﬁ—~ﬁ%ﬂ%?$$0imﬁENMF$$G '
Gi=—V Vb=~V V¢V, V$=G,+G, (8)

CH o

100+

200

3001

400+

500

600

700}~

800~ : AN

I

1000

L L ! | 1 i L i (B I

—9-8-T7T-6-5—-4-3-2-T 0 [ 2
a 10 B 20 W b 11 {H 200

B2 G(HRBOMG.(BEENHACAN, /K100 28W); (b EEREREY/E 0.1)

B2 HHER I MBEMNFEAMK G MG mEHSH . TUAEH, SNHAMERE




3 M M =% BEGRBEEFESH 295

HREARN . & RNIBERN, BT 900—800 ZEI, G, W HHME, 7£ 200 BEHAEH
KEGUE (ABhaemAraeRiR) . G, EN@R, EXRETE G LG, k. mBEhHsy
HEERSENBEREFERFONEXFE S, HELE, G.EZMTFG, BER
SERG, HH. BT G R TEEIE™, HUEERA SHRBRIBSTEERF

B 3 10 A 20K 900 EEM @, (ARE2)
(EFSL R &R 850 EE & KM RN )
BEERESTHEMBEEEP, G REBENEML, B 2(0) (11 B 20 H)RA
FFTHE 2(a), G, WELE BREAEE L2, BRXHA EEE AEE, miE
200—300 ZEE, H—7.6 L/ K> EBR0.7TEL/K, HEERKENH G, BRE /D, 2%
BEAMBEME G. %4, '
EFRTFEHHITT, ZNEETRERBER, LEEFRIERIER R AZ)REH
&S, LEMERIEH, EERRSHEREERLIN, ok EELhTRERD
et s . PEXMHIEEEHERNDELBRERE -DIHAEN.
Pearce™® ¥3i8 G, A “FELTE", V. ZHBE D(Ro)REWH, EHEFEHRE
F, BIRABENZEHZEEK 0, HESRERHETE 0 HHRATF, Bk, k-S4
WG, BidkfRe FBRITE o ., AEXITBEEHXMESTEDL, XBHATED
HRERBREE XDED HEMN, 8o Bof MBEH RHTEL EREEEL E -
RHO, EXRFRHBERBEXE. Ho FETHRAREINERBL, FihHEDH
ZRBRE/ND. PReo AT, BRTEREEFZAMSER(REER) I, EEEHR. B
EWF. BRo BB A TR RSN, B3R FRBER, BhF



296 a % # i 40 %

W AT o, EiHEHRABEEREH, BNAXKMLTF Ooyamat Iyxt K2 Hik
HERSURZAME T ENEERRERE, REFRBH o, RIOVTHABE DIEE
%2, BIERUHEBA V BTN RS — V.- Vo, B 4 HBIRIT 10 B 20 i
A1 B 20 BE&BEFAE G h RIS, WE 4THEY, SRABMEERNER—L
ABEEN, 11 020 WD TFRIAHEAZRTERR, ERAMENRIEIER
RHREACNIRR, CBRFHRME, AFTFARAZIEOER. XE—F5IEH 11 A 20
HEMERCRARERFREORE. MR, SEHEOER, BAREEES
ROFESBETHRIMRN K REESH L RKOER, HALAERENEARE
B ZREHE A, IRE kB RBE R REE 2 [f3h % LA E R R (Bp 5 R (2)
FHIRIA),

2.

1.5+

1.0+ §_—‘
T B\
—0.5+ @_‘l 2

3 4

1.0
—1.5

-2,

4 FRBEFEG, *ﬁﬁ%tbﬁl(ﬁﬁirﬁ"lﬂ?'—ia(; RKE)
A W MBEE; 2. IREERMNE: 3. HATERIM 4. ik,
XN10 A 2015 TJ11 B 20 Bf)

h HBALEERY S BT

S EAEBNERURIGRARBY, HRMBRETEETNERAFN,
BEEF NLR LR MBS MR ERE, R 5% ndh (X4 H) 3
- FRARERMAHIEREF. A 502 8 A 10 A 20 Ml &R FLEEMEE HE LN
Ai. W& RBHL EZRRRET R 500—400 EEFA — 4 NHIE {0 3.2 % 1072
(P R 4) . BB EREANBE, XA EEABMNA, XTEEBIM KM
hinB PR, EANEREXEFRRA Carmen e #g Lt N AL, BRTEXM
EMEP LW, BB POBRERHEL, N EXEh AR SN RO
&R, SKEMIEES.ORET R, HERIK (700 EBEKHE), ﬁ’ﬁﬂ&iﬁﬁk .
TREBNRBIEEA RBRMFERE,

ARREMBEE S HNARE TR, BAM APE HIE 500 BE, BHEE
B 79x10° FKH/ K100 2EE, HFBHER-IRE.

B 6 MHMRRRE WA MERMEATFERBE HF  EAHN . EERAX RS
HREUERK, oo ZEXKBP LEAFIBAE 6(a)), 10 H 208, oo HBEER
AR T4 B/ K, WiRIE & 2B IR ER A 20 /X2, HEH
Z-TREL L. MTERKE, MRHBEERA Sz EREY, haR




3 A B RE. BEERGREESN 297

400
500]
600j
700
80q
900

1000_ o.,.........._.. : .,.o '
L L i J I ]
- —1000 —500 8 200 1000 km —

0.

a
B 5 a BEERFLERRMHEERETN(<I0)NEENE, b SRRBAPENEAE S
(B fy. 10°EH/%*- 100 EE  s£—10 A 20 i, E&—118 2085

- 32
2001 - \\ -
300+
400~
500 |-
soot-
700 |-
800 [~
900 -
1000
r L1 1 4 [
—20-15 ~10 =5 B 4 -8 —1 4 8 12

6 a BARBREHH WA RESA
(10 H 20543 12 B 08 B4 M HAFEHE)

b SRR HF, BE YA
(£H/—10 H 20 B, FEk——11 A 20 i)

¢ KER HF EBT
(E&%—11H 208, L£HK—12 A 2008)
Bir. A2

"
—ao=~7-9p+v-(7$) + - @) )
FH, EHRERFEBE AN A, M SRR AR R AT



298 ] R % # 40 &

W EF A (AN(ORXABBERB) . MEA IR XM RERCGRLRAH) 741,
frAeE RV - (V) R EM a0 M2, MIbKM A EERE IR K SRR
IZEBMN.

B 66% c HRRERMIERR HF , (BEHWELE—C,V -NT(V-W), BREXK
frft@ RSB M B —FRARN)MEA 2. AIHRH, EERKE 10 B 20 B, 700 ZEE
LLF HF, HIEE, AXMRER2EAN. 700 BELLEWHAR, BRAXAEE 500 &
B Gk —6.9 /K- 100EE) BEBN A —19.4 /K>, HBEXIHE, &RBED
R LEEANEHMRLE", AEREFANERSIABIRRSTE, £ 11 A 204,
BERBRACRERMNEM, EXHFERAR. FUMNTHARFREASTE, GRE

— N HEBALRERR

EREBHRARESAHRE, EEKFPRREENSE, M11 A 20 HiE
HF, HEHEE 6c), RIIFFAHABRA RO BIEA TRK I, X I RBRRA,
EREERM ZEA RN RSP E ZAHLERN—MREERR. Mk, BRE

E—F i,
AN &

FXMEBLERDEREPNR, THELE. FHTRGDEANG, &iSER
WL, BEREEAFIHERESN, AEMXXRNEFLAMEMOINR, FEEE
15, xF T RAY TFRESXMZIT SR LR,

# $ X B

(17 Palmen, E., Vertical circulation and release of kinectic energy during the development of hurri-
cane Hazel into an extratropical storm, Tellus, 10, 1—23, 1958.

[2] Vincent, D. G. and L. N. Chang., Some further considerations concerning energy budgets of
moving systems, Tellus, 25, 224—232, 1973.

[ 3] O’Brein, J. ., Alternative solutions to the classical vertical velocity problem, Jour. Appl. Met.,
9, 197—203, 1970.

L 4] Vincent, D. G, and L. N. Chang., Kinetic energy budgets of moving systems: Case studies for an
extratropical cyclone and hurricane Celia 1970, Tellus 27, 215—233, 1975.

[5] W&, HXHB, BERE, BAMANKXIRERDOHHEFS, SRFEH, 38, 351359, 1980,

[ 6] Edmon, H. J. Jr. and D. G. Vincent., Large-scale atmospheric conditions during the intensifica=-
tion of hurricane Carmen (1974) 1. Diabatic heating rates and energy budgets, Mon. Wea. Rev,,
107, 295—313, 1979.

[7] Kung E. C. and P. J. Smith,, Problems of large-scale kinetic encrgy balance —— A diagnostic
analysis in GARP, Bull. Amer. Met. Soc.,, 55, 768—777, 1974.

[ 8] Pearce R, P., The design and interpretation of diagnostic studies of synoptic scale atmospheric
systems, Q. J. R. M. S, 100, 265—285, 1974.

9] Chen T. C., J. C. Alpert, and T. W. Schlatter., The effccts of divergent and nondivergent winds
on the kinetic energy budget of a mid-latitude cyclone: A case study, Mon. Wea. Rev. 106,
458—468, 1978.

{10] #%, BWz LG EMER, RHEHE 182—188, HHRARHMR, 1980,

[11] Ooyama K., Numerical simulation of the life cycle of tropical cyclones, Jour. Atmos. Sci., 26,
3—40, 1969.

(12] Bullock R. and R. Johnson., The generation of available potential energy by latent heat release
in a mid-latitude cyclone, Mon. Wea, Rev., 89, 1—14, 1971.



3 # W R BEESRMERES 299

AN ENERGETIC ANALYSIS OF A LANDED TYPHOON

Xie An Xiao Wen-jun Chen Shon-jun
(Department of Geophysics, Peking University)

Abstract

The case selected in this study is an intense typhoon (Billie) which moved
over the Southeast China and interacted with an extratropical frontal system. Ki-
netic energy(KE)budget and available potential energy (APE) were computed by
using the quasi-Lagrangian scheme during the period 10 to 12 Aug. 1976. The
main results of this study are: 1) In the weakening process of the landed typhoon,
exchange of KE with the environment was small. Then the typhoon could be
considered as a “quasi-closed” system. 2) In the various weakening stages of the
landed typhoon, the thermodynamic and dynamic processes were different. When
the typhoon moved just over land and accompanied with heavy rain, the latent
heat and moist convection were still the major source of KE. The energy sink
due to cross-contour flow in the upper troposphere was the important reason for the
decrepitude of the typhoon. The barotropic process was dominant in the decrease
of KE. However, after the typhoon interacted with the westerlies, the KE gener-
ation by baroclinic process increased and the frictional dissipation played a sig-
nificant role in this stage. 3) Throughout the period of interest, large amount
of APE entered into the environmental atmosphere through the lateral boundaries
of the typhoon circulation. This may be one of the major processes of interaction

between the typhoon and the surroundings.



