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Cause Analysis of Precipitation Difference Between Two Typhoons

Influencing Yunnan Along Similar Tracks in 2014
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Abstract: Typhoons Ramasun and Kalmaegi along west route influenced Yunnan in 2014, where rainstorm
distribution characteristics and the relative position of tropical cyclone had significant differences. The
diagnosis results indicate that production of rainstorm distribution difference was mainly caused by the role
of ambient flow field, which caused frontogenesis, then energy change, together with the effect of topo-
graphy. Particularly, low-level westerly (easterly) jet and convergence at south (north) side of Ramasun
Typhoon center enhanced, causing generation of heavy rainfall. However, because water vapor content in
lower layer of south side was higher than that of north side, the southwest Yunnan edge and Red River
Valley windward slope had uplift effect, the rainfall amplified. Precipitation of south side was heavier than

that of north side. In addition, thermodynamic properties differences of flow between south and north side
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caused frontogenesis. Frontal zone at low-level enhanced, beneficial to the development of severe precipita-
tion on the northeastern side of Ramasun, southeast Yunnan. Furthermore, intersection of the easterly
and westerly made divergence enhancing, then baroclinic available potential energy was released, which
caused divergent wind kinetic energy to increase, and increase of divergent wind kinetic energy was relative
to the change of precipitation peak caused by Ramasun. However, as Kalmaegi was influencing Yunnan,
the center position of tropical cyclone and Bay of Bengal low pressure were both further south, and the
southwest monsoon was also further south. The low-level jet at Kalmaegi northeastern side was the main
factor influencing rainfall over Yunnan, and the intensity of low-level jet and zonal convergence at the jet
front left quadrant were both stronger than that by Ramasun, so the precipitation of Kalmaegi northeast-
ern side was more intense than that of Ramasun. In addition, the uplift effect of terrain played an impor-
tant role in the generation of heavy rainstorm at south Yunnan edge. Moreover, frontal zone at low-level
enhanced, which was also beneficial to the development of severe precipitation over northeast Yunnan at
the northeastern side of Kalmaegi. Furthermore, increasing rotational wind kinetic energy was relative to
precipitation peak, and the formation of the first precipitation peak in the edom of central Yunnan was re-
lated to baroclinic processes. However, at the second precipitation peak, south jet was strengthened on the
east side of depression inverted trough, and rotational velocity field transported kinetic energy to heavy
rain area, then kinetic energy over heavy rain area increased significantly, which was related to barotropic
processes.

Key words: typhoon with similar tracks, precipitation difference, low-level jet, frontal zone effect, diver-

gent wind kinetic energy, topographic effect
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Table 1 The total station numbers of 24 h heavy rain and rainstorm in the period

of Rammasun and Kalmaegi influencing Yunnan (unit: station)
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(a) 14:00 BT 19—08.:00 BT 23 July 2014, (b) 20:00 BT 16—08:00 BT 19 September 2014

50
(a)
4.4
40
E 32.8
= 301 26.8
iz -
v
gﬁ ol 20.8
= 6
S ool 10
10 y » Hml s
2. 2.4 |
oo ks, oZaiH AN AD

14 16 18 20 22 24 02 04 06 08
21H
fital /BT

30

(b) 26.2 26.3
25+
Eof
X
g o 15.7
215
& 11.2
?‘-;210 . 9.1 0.1
< 7.
5 i 3.3 4
Wi ..o sisad

08 10 12 14 16 18 20 22 24 02 04 06 08
17H ) 18H
fital /BT

3 201447 H 20 HO8HIZE 21 H 08 ByLik(a), H 17 H 08 B} &
18 H 08 Hif JBR 423k (b) 2 /I8 i o6 7K 38 A5
Fig. 3 Variation of hourly precipitation at Jiangcheng Station in 08.:00 BT 20—

08:00 BT 21 July 2014 (a),

Malipo Station in 08:00 BT 17—08.00 BT

18 September 2014 (b)

I8 FE I A K PN RE HE . 53 — 5 1t X — i s XA
JZ BB A7 A T XA TR E 89 K .l L
JeM A — 584 dagpm % Hs 7% 2 o Howg O 2 AL
SRIE20 moe s TR D R 2 R e N B

T P 1 7= KUA EE » 568 58 553 » P B 7 0k A 2 Pl )i i
553 PR NS 2 R W R [8) 5 5 i b T I A R
Ji@ o A RN i O ¥ R L 40 0l R 1 R 2 AUl R
R 2 R U G AR AL B AR S S KB



1344 A % 5 43 %
29°N+ 29° N+
28 28 A
27 27 |
26 26 A
25 25 A
24 24 A
2 N 3
2 N 2 A
21 T T T T 21
97 99 101 103 105 107°E 97
—
20
B4 201447 H 20 H 08 i 21 H 08 B “@ &b " (2),9 H 17 H 08 i} & 18 H
08 H“ ¥ 15 (b) fie 58 B 7K B B 61 R 0l KRS (4 ) VR T (2050 VKB T (56 5D A AT
5% 7 H 20 H 20 A0 9 A 17 H 20 B 700 hPa {35 (L. m« s~ 1)
Fig. 4 The 700 hPa stream field (a) 20:00 BT 20 July 2014 and (b) 20:00 BT 17 September 2014
(unit; m+ s~ '), the distribution of heavy rain (green dot), rainstorm (red dot),
severe rainstorm (purple dot) at national elementary stations in the most intense
precipitation period during Rammasun in 08:00 BT 20— 08,00 BT 21 July 2014 (a)
and Kalmaegi in 08:00 BT 17—08:00 BT 18 September 2014 (b)
40°N 40°N Y
P
35 35
30 30
24 24
25 20 25 20
16 16
20 12 20 12
15 15
10 L = 4 10 I A
80 85 90 95 100 105 110 115 120 125°E 80 85 90 95 100 105 110 115 120 125°E
Bl 5 2014 4E 7 F 20 H 20 M) F1 9 A 17 H 20 i (b)500 hPa 5 3 (4 EH L , 5 - dagpm) |
700 hPa 3% B W GRS, =>12 m = s71)
Fig. 5 The 500 hPa height field (contour line, unit: dagpm), 700 hPa wind field and
wind velocity (shaded area, =12 m+ s )
(a) 20:00 BT 20 July 2014, (b) 20.:00 BT 17 September 2014
I = SR TP AR AR 19 H 08 B UG “ il Hy 3th 7 ¥4ty e b ) 8¢ 2 ~F- 241 f

MCHIT T B 73 A7 AT AIE & RO B e R 0 2R
Jem A s SO AT A L HR A 25 55 I AR B
#h7 B KO R A P L AR VY XU A7 R S PR
RS B AK I3 A5 AR BEA TR 7 LA At — 22 0%
.

Kl 6a iy 2014 427 H 18 H 08 iy & 24 H 08 A
24°~25"N JL I 700 hPa - 32 2 1) ] L2 4 1i] KU
w (AR M )-8 JZ s . ol I M A 2.7 A

RAWM=8 m = s DIFIRE W AR NG IX, 15
%7 ] Y b A T L XL AL BRI 20 H 02— 14
B 103.5°~104. 5°E XI5k Py - 24 45 1] KL B4 38 & 16
mes LR K8 moe s A5 KUH T 6]
PUHEDER] 101°E M, HRe22%) 21 H 08 B, 102°E
DUAR M DX 2000 — B 4E 7, 2000 A% 09 A2 1T 5 A7 A 0]
RGHEE A A R TR K = A L 20 H 08 BRI
J& 100. 7°~103°E fiEds G > —4 X107 s ',



5113

YRLT 4 - 2014 4F W YA UL %

PR 2 T 15 U 7K 28 5 1 R 43 # 1345

B #Raly S O A6 R R DXORE X R L 4a) . )
FEH L 25 3 g 3Eh " R ) 227~ 23°N Ji [l 700 hPa
S 2 1) XU B 2 1) AU R -2 B AR (JE] 6b) . A
PIEH],20 H 20 B UG 96°E LUAR V- 34 4 P4 <3
B, >8m-s ' FHIE KSR M G HE TR
102.5°E B, 4425 21 H 20 o, Hd 21 H 02
BIRTJG 97°~101. 5°E B ik A 200 4 o0 o i
14 mes ', 20000 A BB A AR, R E T
—3X10 " ~—4X10 7 s ', HEAE 0 rE M
VG R 0 % RN LR R R L (B 4a) . PR R
b7 & K O T A SR B K TR B 4 i S R
A MG 22 78 AL AR RO 2 i 3 s A 56 . b AME 15

24-08
(
23-08

22-08

fiiil/ H -fi
]
2

20-08 >

19-08 £

18-08
96

20-08

19-08 4

18-08 -

i/ H -
2

16-08

15-08

14-08 T
96 98 100 102 104 106°E

18]/ H -Het
=
2

TR S AC X a2y 16 mo s ' B
AHIE—5X1077 s L YR TRI, nT K A58 T
7 EAA IR ? TR AT e .
B2 g WS 7 e el 7 8] 6¢ 45 T 2014 4F 9
H 14 H 08 Bf & 20 H 08 B} 24°~ 26°N i Fl
700 hPa - 35 25 ] JR K i 1) KU 45 19 B 1] -85 J32
s, ATLAERL9 A 16 H 08 B LLJE “ RS ” #As <
JHE b0 A 5 A 2R R (=8 m e s~ ) JFHA S T 7R
S DX, S TR ) b A R X G R 5 R R
17 B 08 B LAJ5 105. 5°E LAY My X - 34 4 1) XU 3 5
£ 26mes LMEFHG RS2 me s RS
LI PEHESEF 101, 3"EMF L, >8 m s 5 KU

24-08

23-08

22:08 | : -1

1608 17-08 18-08 19-08 20-08
1A/ 1 -k

22 T
14-08  15-08

6 201447 H 18 H 08 BfE 24 H 08 B 24°~25°N(a) .22°~23°N(b) & [l N 700 hPa -3

i M CGEEE BB m s ) R g KRG 5 (1532, Bz . 10

Ts I ) -2 A 2014 4

9 H 14 H 08 B} Z 20 H 08 B} 24°~26°N & [l 4 700 hPa F34h i R (S 4k, 387 .m + s 1)

B 1 WUAR & 3 (B2 36 10

S s B ] 48 B A () . 102. 5°~106°E JE Bl N 700 hPa

P XL AL m 5™ KRR A 5 (B 802 1077 7 1) B I (] - 45 JEE 3 2% (D

Fig. 6 The time-longitude cross-section of averaged zonal wind (isoline, unit; m s~ ')

and zonal wind convergence (shaded area, unit: 1077 s~ ') at 700 hPa in 24°—25°N (a),
22°—23°N (b) from 08:00 BT 18 to 08:00 BT 24 July 2014, the time-longitude

cross-section of averaged zonal wind (isoline, unit: m * s ') and zonal wind convergence

(shaded area, unit: 107° s~ ') at 700 hPa in 24°—26°N (c¢), the time-latitude

cross-section of averaged meridional wind (isoline, unit: m * s~ ') and meridional wind
convergence (shaded area, unit: 107° s~ ') at 700 hPa in 102.5°—106°E (d)
from 08:00 BT 14 to 08:00 BT 20 September 2014



1346 A

% 843 %

WHPLEE] 18 H 08 W), 55 f oik [ 7K I B AH X R (%
D B AN AR E W B R A, g 17 H 08
BFLLJE 101, 5°~105°E By L & 9 B > —5 X 10 °
st 5 U RG AR AL AN R B 5 T v DXOAE X L (B 4b)
ZEA VL Ay AT S s B K et B, U RS L AR 4 S
A AN 2 1o 2 T R S A DR O T R
O AR AN LK 2 5% W O 3 B K ol B T B T R
Eh3ph 7 H s ZR A0 A ) LR RN Ry 3 s B U RS G A
KF 12 m - s EEHRA 200 M PG #5101, 3°E Fff
T, 55 3 R BT i VY — S, R I 7E A 5 I L
R RS )

BEAN  TE GRS A 103°~105°E X P 23°N
B3I A AR R 4R B B R R B T IX (B 4b), S5 A
K Ab, bk DX 32 22 f g I Pl . B4 . K %
F A 7 AR 5 T e O AR e e U O &R A0 el 2
6d 5T 2014 4E 9 H 14 H 08 B} % 20 H 08 A
102.5°~106°E JEHE Y 700 hPa 15 28 i) X f £ 1)
WA B Bf ) -2h B AR . W RVE S, 17 H 08 i LA
Jei 3K — DX 38 Ay O e IR, L O e R T T 5 L R
217 H 20 % 18 H 08 I, >12 m » s ' FHE
K25 S0 ) G 4 2E 21 257N B3, b4 B &
S AR A REEAE —5X10 P ~—3X10 s ', ff
FlFam B K= A, 254 B 6e, RS ot A b
AN DI RBIBR W A=A, FEE S W ®G .
2o qm) 2 1) RUHURR 5 S SR AE G . TR BB AR T R R
FE“ U 1S 5 o B K I BE (17 H 08 iF & 18 H 08
) ,22°~23. 5°N B i JF I A 48 1) KUY 58 o {H X
— BRSO R 2 1 R K KRR T Y
5 200 4 AR G U 4R TR A G

SRR B A B T 5 XU M R AR R R
Hb A5 R 2 AR 2 7K VR 0 2 XA R DA OG .
B 7 454 2014 4F 7 18 H 08 B % 24 H 08 B 24°

24-08 TO. TO —
23-08 (3)705{/" a = S =3 5_&5,{0 :u\
g 10.5/_\0\‘9:\1015%

7
= 2208 s 5.5 050N o
o _ ~ SO iy 0
21-081 TS 4T i
1115 -

— . T1
\

F20-081—,, o 4,15 Tael— =
. 12 " e
a ~>52.5> 11.5= 1=
19-081 12 ===11.5 Co Ny liz=
_ 2.5 10 —10==10.5=
1808 N e UG
96 98 100 102 104 106°E

~25°N.,22°~23°N i Bl 700 hPa L% By B fa)-2
FEAS, BOmFEKITB(7 A 20 H 08 IF%E 21 H 08
B Rtk ” & X JE - B L Sy 11X 1077
g+ kg ' (B 7a) B R 11.5X 10 ~12X10°
g« kg '(J& 7b), BIVEGMR B d RLEE KRR A
e AR U R e R R K B BE (9 A 17 H 08
BFZ 18 H 08 Bf),25. 2°N IR 2 Hb il 11X 1077
g+ kg 'L LA ET BN ZE 9.5 X 10 P ~10.5X 10 *
g kg ' (EM) . 455 K6, BB LR R K I B
b R R AR AR VR S AR Y H R T
YRR AR AL S U B o R A R T R 7 B
7K 5 B i 548 o

3.2 #EKEH

I T A9 43 A0 6 AT 20 3 Ja 3 g AL 7 0 53
IRA 22 5 8 2 3 Fl A0 #1221k
(R4 b e XS 25 S Gl 2 B 8a 1 8b 45 M TR
T 57h 7 f i [ K BB 700 hPa 0, S LG B sy, 7
H 20 H 08 i (& 8a) , &5 KUt ZR LAl AT oy 58 i
o 344 KA B8 B2 I A0 M TEL AR O 1l VL L P R A
R EE A 350 KM o JIIRLVE AL A B A X6 B A 12 9
SR B — 4% O A X3 A2 b i —2
X107 Kem ' AEKAFLE;20 H 20 6F (& 8b),
G AR A0 A0 2 — 25 V8 4 7R B IR AR AT
O SR AR AR 15 0 — 28y 343 K, M o il i
AT ST D0 B B, 0 5 B 353 KL VL P B P
B 25V — 2R P ] 0. % ARt 521 H 08 B (JEIm)
LV A TR A AR O TR X R
HE— 25, 55 A X — B BB X5 K B0 2 R 4 A 1T LA
BB A o R K B 3 AR A KRR AR
IR P R NIRRT A B KE R R 2 —;
T L VY R 3 % 2 RN I 7 AR B IXAE AR &

24-08

TO. TT T—
DusyaT————
23-08 10 COS o—
E 22.08 @\% WS@
T 11 Q ]#\5

jung / 10—=10.5__10 -

; 21-08 1 . 7115105 N
B —12 —
£ 0o e == 105
= = =S S UL T
— f R PE———
19-08 =L T CEE = s To.s 10—
18-08 12:511=—" ‘ 111‘?5 ‘ ,}2 , Cibé

96 98 100 102 104 106°E

K7 201447 A 18 H 08 B} & 24 H 08 B} 24°~25°N(a) #1 22°~23°N(b)
JEE PN 700 hPa 3 LU IR (LA . 10° g » kg ') B [A] -4 3 13 AR
Fig. 7 The time-longitude change of specific humidity (unit; 1077 g « kg™ ')
at 700 hPa in 24°—25°N (a), 22°—23°N (b) from 08:00 BT 18 to 08:00 BT 24 July 2014



011 4 PRI AF - 2014 4F 5 R Bk

97 99 101 103 105 107°E

1252 2 7 15 RV 7K 22 57 1 5L 43 A 1347
29°N - .-
Z,
O
27 ;
26 w/\ -1
25 g -
318 A
24 = -
ol
23 AN
22 9
21
105 107°E
29°
<O\ |
28 ‘f' s
27 | . 345
Y \\ 7 346
26 i 34\7 -1
-2
25 £y 3
24 s 348 74
23 \
22 (\
21
105 107°E

Bl 8 2014 4F 7 H 20 H 08 B (a) 1 20 BF (D) “BLS3#b”,9 A 17 H 08 B (o) Fl 20 Bf () “ g K~
i iR [ K R B ] Rl RO (B ) VBRI (AT A5 VR B TR (B8 ) 0 i 5 700 hPa fAH 4 iR
CBRELR BT KO R S A IR 2 a B6 BE (BHSZ , 3007:107° K e m™ ")

Fig. 8 The distribution of heavy rain (green dot), rainstorm (red dot), severe rainstorm (purple dot)

at national elementary station, potential pseudo-equivalent temperature (isoline, unit; K) and

meridional gradient (shaded area, unit: 1077 K « m™') at 700 hPa in the most intense

precipitation period during Typhoons Rammasun (a, b) and Kalmaegi (c, d) at 08:00 BT (a),
20:00 BT (b) 20 July 2014, 08.:00 BT (¢), 20:00 BT (d) 17 Septemper 2014

X FWERY T .9 A 17 H 08 B (& 8¢, AR
BB XU AR 0 R I A 0 B R 349 K JE
HRALD G RIS 0. K 341 KOE RIS XG5,
HLLEREE —2X10 ° K« m ';17 A 20 B (& 8d),
TEL T W A SO I 4 L UL B 350 K TE AR LI &
KU AETF BN T8 0.8 337 K, 454 &l 5b, LB
VU 1| 233t 2R PR AT U A8 A AR L B8 = A e AL <
Tir T HEA AR AR AL 0. 28 B R, rhol
BRZE—3X10° K« m ', XMk 18 H 08 B
(B » B KA MUV T A O AR A5 55k T4, o
O R 337 KB X B I 990 55, (XA VL 7R AL A I G e
PRI S A AR AR . 45X B X 5 KB R
A3 A [FRE T DL 21 76 S o B K BT BE L T RS 7 2R LA
EARICKR B RN ™4 B XAEH B RN R Z —
TR P 2R W R2 RN 7 AR B IXAE AR i

HE— B 1 2014 4E 7 A 19 H 20 (4% 21 H
08 B VT4 (22. 59°N,101. 85°E) (| 9a),2014 4F 9
H 17 H 08 Wf & 18 H 20 Bk 5 4% (23. 13° N,
104. 70°E) (B 9b) 88 A= ok 5l B[] A A8 . B A R
B ik 2L (Kato, 1989; Hoskins and Bretherton,

1972)%3;F:%| V0. | =Fl1+F2+F3+F4,Fl.

F2 F3 . F4 535 R E 4 Bt | K P-4 Bt L 7K
ASTE TN 5 1 Bs s A AR, n] LUE B
h i 5 W 2 mE I B LR A VLR (& 9a) , 76 HE AN B
Bl i BE T YA i St R Horp 20 B 14 B
750 hPa [t 5 A — 8 A 0, BB 15 X 101
Kem ' es ', 55 — & FEEKBEMHE 2. 8 mm)
(Il 3a) AT I« B I 8 A il 553 - B 7K Al B 22 [l 9 5 ot
JE#E 20 H 17—23 B X )2 K2 700~600 hPa 4
YRR . T 20 H 20 B 7E 650 hPa [t it BL5S
TAEBATL R 30X10 Y Kem ' e s LB ERE
KB TR (42, 4 mm) (& 3a) X £ LZ
B DX IG 0R  AA) T I KRR R AR . i
WS S0 25 B N B AR T Y PR SR (I8 9b) L A 17
H 23 LR T H T 2= 800 hPa Fif 3T th A 1% 4L 5
AL HARTE 17 B 08 IR JE -850 hPa it iT Hi Bl 2k
LG BRAE 15 X107 Kem™ !« 571 55— K [EK
W LA X 7 C &1 3b) o i 5 A AR 08 55 & 5 3 K [l
7 2 717 H 20 i J5 . 850 hPalff i #F ¥t 3



1348 A % 443 %

(a)

3001

%‘ 4001 _—
S 500
6001
s
1000

20 02 08 14 20 02 08 02 08 14 20
19H 201 21[ 180
il /BT il /BT

K9 201447 H 19 H 208 21 H 08 BJyLY(a),9 H 17 H 08 B} &
18 H 20 MW JFRAEHE (b) 8 A= bR B BE I (8] (38 AL (B2 .10 Y Kem ' o 57 1)
Fig. 9 Evolution of frontogenesis function with time at Jiangcheng Station
from 20:00 BT 19 to 08.:00 BT 21 July 2014 (a), Malipo Station (b) from
08:00 BT 17 to 20:00 BT 18 September 2014 (b) (unit: 107" Kem™' « s ")

At BRIEE 10X10 1 Koo m ' e s 1L BUIFRE K I
A B NN SE 7.1 mm ([ 3b) 5 VT A LT
TEI 1% 8 A A T IS i 55 - R K S R B 555 17 H 23
B L o JBR SR I 30 M TG JZ O f 1 B L B 18 H 08
WIS 2 650 hPa LT 3T~ 249 % O B 00 . e 3 A 1 ik
— AW L TRR S AIAE 18 H 06-—07 B H B/ i
PSR KT 26 mm f) % i 35 [ /K (I8 3b) L 3x SR W]
AR R — K (L Y B B A e BRI R Z —
T 265 R K DL A A A T Lo R
IS 7 s 5 M 2 0 i P 2 B 1 T

3.3 EaElx
PA Lo 2 B PR 7 1) 25 S i i T B A L

Ko (B IF SR % ,2014) , DKR H1 DKD 43 5 2 e 5%
IR BIOX 30 B8 1 J5) b A8 Ak I (Ac=6 h) . INTR
FINTD 43 51 Ay T % AR 8 830R Il 26 1 AR A
SRS HEREM AL, A WAL B.C Z N TER:
JRUFI 48 HCOR BN Al 22 TR A M B a0, — S O C
(K, Ko 2330 0 1E 5 I 8 4 56 5OR 3 BE 1 e
e BERE e Y o U T A . GR 5
GD 4y 5] 2 T e IRV 10X 25 1B 56 T 2 T 7™ A B0
FERI B BE . GR S i 5% 35 2 e 5% R0 28 8 45 T 2 1
. GD 2 b 5% i 3 i IR0 20 8 25 e 28 )y
X 5L 1A LA S ds g 5 A %L 2 GD>0 B, 3

S A5 I I 3 JCRE B 1 AR A7 FRATT N A AUE 2
— DR KRB REI, 7E R RE R h A AR, A
e ] A1 i 1% Bl BE & A 2 RN AR 1Y BE R
Caly R H A5, 1992) o IR 2 P U ARG AUE 3 7 vh 2% T
77 AR e 5 5 U T R XY 3l B ek A G DU
T 25 3 A B T DXCE B XA B HICXL Bl BE W S T
o

#i i Helmholtz % B, ¢ Fr W37 (V) 0T L) fift
R e K37 (VO R ORI (VO Gal = R =Gk
1991), Bl V=V, +V,, Buechler and Fuelberg
(1986 HE - A7 BIR DX 43 A IR A48 s 38 e A XA A
BOAERE T B

oK. oV, oK. oV,
5 =V, . ?z‘{ — foug —wvg) — C("Urud — u,vg) _w?p —aoV, * afpl —V, . ng— V «KV,+V, «F
DKR INTR A, A. B C GR HFR DR
K, \ . K., \%
=V - S fluty — o) + L furwm%—pmv, : %—;fvd Vg~V KV, 7ang Vo F
DKD INTD A, A. C GD HFD VF DD

TN R AL RE B AL D R BB RE L T 2 GD<<0 B,
WY 8 BRI FE B e 15 A7 BB 3 . HFR A
HFD 43 5| 2 Jié % KR 8 80 3l fig 1 7K S i i AL
JE X 5 R B BE R K4y A A 6. VF TR
JEE X2 i T L O T R S B R OS]
B WO I H I B HOR B BE. DR R DD 433l
SR UR A R R 42 T, 1 A 456 AR 4 E I L ROk T
RUOBE 5 MR RUBE 2Z 18] 1) 2l g 5 4 R IR AR S 4
2T PR AS BT SBE A 5 T RO 25 RN R
WELEN . X T2ERMAEG XIS, HFR.HFD Fl
VF 23502 2k 0, %6 F 4 R DXk , 0 o] # Ry S35 1 7=



5113

VELT TR 45 2014 4F W ORI 0L B A2 52

Wi z5 T 15 KR 7K 28 5 1 PR 43 # 1349

Az TG R A RUJE PR 452 AT A kg ISR

& 10 25 M 1 “WERY 7 ZR T X (237 ~26"N, 102"~
105°E) T AR V- 121 14 3l g Jr A% & 20T i i [R] ey B 119 22
. ATLLE R IEC RS < E R B 9 H 16
H 20 BF % 19 H 08 B (& 2b) i X # 2 KA
HBEI NS, b 7E 17 H 08 BT/ .18 H 08 Bt
HI TS 43 531 3 30 30 e 14 hn 9 0 (B (1l 10a) , Hov 17 H
08 IS 2l HE 3 Jim iy oo 7E XL J2 IR )Z 700~ 650 hPa
T, 1m 18 H 08 B M ¥E 650 ~450 hPa i, 51H
IR PR IR 88 7K W (L AF X R (T 3b) o JE e KL 3l g 1 25
(] 73 A A % /N 5 Sl RE AR AL (I 10b) . 522
AHEE B8 WO BE /N F 22 4 5 S 3l B8 1 He 4911 24 7
TY%LLTF CE 100 HoRAH 4> i 5 7 AR 2 W 3 AE
(& 3b) [ XF BE % 2 A N Jié % XL, Pearce (1974) 1A
s 5 T e 37 Bk AR Y 3l e i O 1 R O AR Y 4G
S T4 EOXY) Bl BE i S AR s A AR B R .

A 2 A7 ik R O 3 1) £ R v R T, T LA B L T
DL L X5 — IR B K {9 A 17 H 08 1), 28°
~29°N XU 2R Z A o0 5 B Ol 338 KA X 8K
TV ST ) A U Bl JRR S T ) D0 A I 2 U )
bl PO B EE S 352 K, B 32 A I FE bR BE 3t T M
T FFF 30T M 38 AR B 5 L B A (TR 9b) L ) —
3T o W VU T 0 A A A T R T b T2 gl T
TR Z TR T (P 11a) , 0 W 9 A DA A L X 55 —
YR R 7K VA A 5 A T 2ot M K R 5 5 U R /K D {1 L R
S Ik 0 30T b 1T R ST AU 0 — 2B B R G 0 iR
FEik 356 K, H: ) b o &0 4k #F #) 25, 5°N Hif i (&
11b) 254 1Bl 2b™ g RS 7 52 1 2 1 39 1) L 3 v DA 7R b
X ZiFRE KR 7E 100 mm L F X5 FEAE 25, 5°N
AT 10 W 45 U I 7 U P T ol 3 S A s A Al
AR AN At T 2 U A R L T X3 1) R R DX Bl e L
T X B0 RE B 2 44 0 (& 10b) , 8 DL 7R M XA ik

— LS55 B9 A oR BCRE B ) Y AR L B 1T R R K IE(H 51 R AR AR .
250 250 250
(a)-00//150 b)Y {0/ / (c)
300 / 300 i | (oo 300 .
3501 (W % 350 160 350 -
aﬂj 400 Q“j 400 /80 QE:S 400 &
£ 450 90, { 450 =i 450 2
2 500 500 { \ 2 500 4 2
550 1N 550 [ 550 .
600 i \ 6001 \| L\\ 600 5,
220, H
Zé% 30\ @ 120/ %95y Zé% _20\\100 klmf&mo/m/\ﬁg/zo 2§§ 5 /_Czﬁ
08 20 08 20 08 20 08 20 08 20 08 20 08 20 08 20 08 20 08 20 08 20 08 20
16H 170 18H 19H 16 170 18H 19H 16H 170 18H 19H
bt /BT bl /BT it /BT

B 10 2014 4 9 7 16 H 08 i 28 19 H 20 B “J Ky 58 7Y X 1 AL 2 9 6 3l R ()

Jie % X 21 B (b) it il K 3l BiE (o) B

P [61) - 5 S B 38 PR 2]« kg™ )

Fig. 10 Variation of total wind kinetic energy of averaged rainstorm area (a), rotational wind kinetic energy (b),

with time

00 BT 19

divergent wind kinetic energy (c)
from 08:00 BT 16 to 20;

100 —=

200

3004

400 +
500/,
600 <

éﬁﬁ; A5

10
11

p/hPa

24 26 27

2014 4E 9 A 17 H 08 B} (a) F1 18 H 08 Bf (b)WY 104. 70°E {5 AH 24 fo7 5k (52 £k, B .

and height in the Kalmaegi rainstorm area

September 2014 (unit; J « kg™ ")

100
(

GO LG

200 +

\
! EN\

300 <%

400 =522
500 -
600 &

j

10

p/hPa

e/

2

T EL 3 (3RO 1 45 8 -1 3 ) T
€ NS i)
Fig. 11 The latitude-height cross-section of potential pseudo-equivalent temperature
(solid line, unit: K), vertical flow field (unit; m « s™') along 104. 70°E
(a) 08:00 BT 17, (b) 08:00 BT 18 September 2014

( : the position of Malipo Station)



1350 A

% 843 %

12 2540 7 B S ah” 2T X (217~ 25° N, 99°
~105°E) [ B 35 14 3l e Jr B2 45 20 Bifd B (1] o=y J3E 1) A2
. [EIAERT LUE B A6 Bl b 5 = g 3 2L B
7 H 19 H 08 F & 22 H 08 I (F£ 1)%ﬂﬁliﬁﬁk)gjt
S B RE R M B R () 1220, TE % KB g A &=
3 R R /N5 Bl BE A S A 8L (A 12b),/\ﬂP{E
REREMIE. 21 H 02 A5 48 8 3h 68 76 T Hb 1
B3 S BB RE3G InAUE(E 9 T « kgt B REMY R (E 4
A1 5 T R S T A (I 3a) A A . G Ah B HIX
S 5 AL S RE Y L B 130 AR (Bl 1200, 5
T AR L s B Bl BB /NT 2. B 98 3 W] (Chen
et al, 1978 FE1E R 45, 2012) AR HUXBh BE AR H
KL RE AR N —3 43 (B T B B A K 58 A Al
RERY AR R B S,

HE— 20 b, RO Bl BB R S 2 AR W L o [ K
X B Zh st fE Sk U8 £ 22 GD iR HFD T, Hoe,
GD T J e 1) 02 & R A 27 RE 0] 3l Re 1Y 5% 4k T
HED 3| 52 7K ~F- 2 B8 38 1 1Y) 1R 00 38 B . L™
Lh i e T DX T AR SF- 34 A WS S 3 mT AR 3] d i B K
BFB (20 H 08 P % 21 H 08 ) . 7E 600 hPa LA R
X 2RI KT 0, HW I Z e HziE 1: 1,3
W] GD T fil HFD 35 75 5 #0335 [F] 55

FEMMER . 254 & 13, 76 1 R W /K 5% 3 i Bt L IT
PP 997 E B I X 2 KR P KR 3k
12m-«s ' (B 13b), 57 (& 13a) 41t BY @ 3
55 55 G TRD B AR O 1 AR XA e P A T SR
ST VLR 56 A 1 1 5, 5 wOX 3h e 3 s 53 —
J7 T B I8 B P KU T8 B AR KL B e T, BRBR 25 K,
BRI FHEF SRS BRI b vk it 72
R BOR S BESE i o — R

3.4 MWER

I TAT PR 43 A7 R AT 2038 Jal S 3 7 5% W) 2 B e
SRS B A5 XU RO ) IR T A A i B 44 5 T R A
AIREAK AN TRy H2E 5B ERA X [
BV 8 5 ) 2 A A SR I B, 227~ 23, 57N i O
WeAT G 1m) KU A A s AEK — X380k 20 i s il - R 2
A R S 5 A T R T AR A 2 B U 9 46 T
YERIA &7 LU B it it i 4718

B 14a f1 14b 254 T 2014 4£ 7 H 20 H 20
25 1) KA VS 23°N L 24, 5°N Hb % 3% 30 T B o 3 b
ZRER AR AL . L F o K I B,k S b KU
RO I 14a) o d Iz 75 18 8 U 0] R 3 20 5% )
Vg ot B OB FR THE BB R g B T

3004 J 70
\,40

~ N\

C 350 5 (
:iiigg\?l[z) /’\j ]0/‘ ) 1
i J S APV

L 20/
10, 10

1

=)

0 750
-08  19-08 20 08 21 08 22-08 23-08 18-08 19-08 20 08 21-08 22-08 23-08 18-08 19 08 20-08 21-08 22-08 23-08
- r 250 T 0.001
N 0.0003 0 ® 5 ‘M J 0.0005 0005
. \)\ . 300 /-0" 00}000((])8? /0 /\
3500 \/ L. 001 0 0 ~0.0005/
£ 400 0 —0 o015 U \
< 450 V,m i 0 V(@
2 500 20.0005 .00
550 ~0.0005 0 d ool 2 O !
60§ 0 o0 fb 10 § L . N %U&%ﬁ 0% S iy 0 )/
0 (J N 0
98 0.0005 0/0}25}00]5 0.0005 980 (} Om)to 0020. o{»o}) K )5 ot o

750
18-08 19-08 20-08 21-08 22-08 23-08
Iktml /BT

B 12 2014 47 H 18 H 08 W} % 23 H 08 W “Ei 5

75
18-08 19-08 20-08 21-08 22-08 23-08
[t ] /BT

750
18-08 19-08 20-08 21-08 22-08 23-08
Iktml /BT

b W X1 AL 3 B9 3 A (a)

TE%E KB AR (b) FAR BOX B AE (o) (ay by co BAf7 ] « kg™ D) M Hl 325 GD(d) \HFD(e) |

VEM) (d, e, f, BAf7.] « kg

o s PRI R - B A 36 AR

Fig. 12 Variation total wind kinetic energy of averaged rainstorm area (a), rotational wind

kinetic energy (b), divergent wind kinetic energy (¢) (a, b, ¢, unit: J * kg
the term GD (d), HFD (e), VF () (d, e, f, unit: J * kg™’

") , and

+ s~ ') with time and

height in the Rammasun rainstorm area from 08.00 BT 18 to 08:00 BT 23 July 2014



5113

BRLLINAE 2014 4F P UCRE UL B4R 52 0 5 19 15 IRURRE 7K 22 e 1 IR 3 1351

p/hPa
p/hPa

; -“’Eﬂ‘\ilir iz

97 99 101 103 105 107°E 97 99 101 103 105

B 13 2014 4F 7 F 20 H 20 B a) 1 21 H 02 B (b Hy 22. 59°N Zhifal (LR L B em » s 1),
WEX R, BB00:10 ° s 1) TR B W (H k) 102 8 - i B T
(@R ILI )
Fig. 13 The longitude-height cross-section of zonal wind (solid line, unit: m * s~ '), convergence area
(shaded area, unit: 1077 s~ '), vertical flow field Cunit: m « s ') along 22. 59°N
(a) 20:00 BT 20 July 2014. (b) 02:00 BT 21 July 2014

(@ : the position of Jiangcheng Station)

1.6
1.09(a) 1.4+(b)
- 0.8 T L2
0.6 I
8 0.4 £ 0.6
0.4
@ 0.2 w04
H 0.0 B 00
Jm_o,z 0.2
B # —0.41
—0.44 061
0.6 —0.8
97 99 101 103 105 107°E 97 99 101 103 105 107°E

Bl 14 2014 427 7 20 H 20 B4 ) KU 23°N(a) 24, 5°N(b) i JE
S 3E T R 2 Y A AL

Fig. 14 Variation of vertical velocity by topographic forcing with

longitude along 23°N (a), 24.5°N (b) at 20:00 BT 20 July 2014

99°E BT Hb AR B 2 1 % . B R 0.4 m -
st BEOK G W L 5 TR PG R G0 S A T T DXORR X N I
4a) s BRI Z A8 . 103°~105°E I 46 THAE FH o Bk B
B RER e 104°~105°E EFF# ik 0. 6~0.8 m »
s 5 E M X — KO R WL KR N A X
(F 4a) . “gi S & Ko e (& 14b) , 1007~
103°E GEHOMEHHEAE 0 m « s BT, Yl WX —
DX 38l bl T XS 9 4R TG B AR L K A R AR
B 20U AC i R AR S i AR T T 103, 2° ~
105°E Fff 3 I AR 4 T8 A8 F B b 45 0 J2 104° ~
105°E GEARNG) EFA#HEE 1.4~1.45 m« s ',
Ut B3 — DX R K B 7 AR L BR T AT DA IR A
EAE R, B2 B T 182 K& & s A% T m Ml
(F 7a) B K S B ULK TR .

I A A T b & R R
100°~103°E., 45 [a] 74 K3t 2ok By 4t 08 A ™ A= i) o
L B AR BT AR N R 101°~103°E i L BL T
R (& 14a) o HJF R A9 3X — DX 3t 3 B0 T %% W9 A

KEW G EAHMEZWE-? RAOTEER,
TR 102°~105°E [ 3w 4k T 21 o] o 25 i WA 1 b 340
DI AL g S b AE VG A7 2ok AR s AR i R A T
SR HUTE X 28 1] XU 46 TR 2 5 F 2 ) XUBE Oy
WF? LLF X #F A7 43 Hr. M 101° ~ 103° E
(&l 15a) ,103. 5°~104. 5°E(El 15b) i N 700 hPa
- 38 25 ey X ) )-8 R R AR W AR L7 O 21 H
02—14 BF,101°~103°E X4 4 23°N M3 F 5 K
B G5, Hodh 21 H 08 B k6 m e 7! (& 15a) . 3H
T PR B TR A VT (22, 5833°N, 101, 85°E) , TF i
(23.0333°N,101. 05°E) . &% 4 (23. 00°N,102. 4167°E)
TE X — B 20 b T8 % B KU 46 TS 43 R 1. 6.1, 6
0.7 m « s (& 16a), 5 [ /K 38 i ; 1 103, 5°~
104. 5°E IR NE7E 7 A 20 H 08 BF % 21 [ 14 A
A XU LRI 20 H 20 BEZE 21 H 02 B 23°N
BRI 25 7 KUk 10 mo« s (J&] 15b) . JE R H 30K 2
9 Y 58341 (22. 9833°N,103. 6833°E) . 5 % (23. 0333°N,,
104. 4167°E) . 3 111 (23. 3833°N.104. 25°E) 7£ 3% — B}



1352 A % 543 %
30°N 3 7
@ w‘ 7]
8 {0 \ . e=lo
[ = \ae =B
NN -3
24+ R 7\ < 4
) “ A\ : e / =
2 L 2 - NS
18-08 18-20 19-08 19-20 20-08 20-20 21-08 21-20 22-08 18-08 18-20 19-08 19-20 20-08 20-20 21-08 21-20 22-08
=t a]/ H - =t a]/ H -
B 15 201447 H 18 H 08 B} F 22 H 08 B 101°~103°E(a) ,103. 5°~104. 5°E(b)
J P 700 hPa s34 28 1a) K2, B0 : mo s™ 1) R &) WUER & 3 (5
Hfis 107 s 1) I ] -5 B i A
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