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Abstract In this paper, the fusion data of observations collected at automatic stations in China and CMORPH (Climate
Prediction Center Morphing technique for the production of global precipitation estimates) hourly precipitation at 0.1°
resolution are used to identify a typical Meiyu front rainstorm, which is then simulated by WRF model. The simulation
data is filtered by Barnes filtering. The energy equations are applied to analyze the filtered data for the purpose to
quantitatively analyze the effects of interactions between multi-scale energy on the rainstorm intensity. The results are as
follows. The simulated precipitation and its intensity are consistent with observations, which indicates that the simulation
can be used in the following research. Besides, these derived energy equations can be applied to the rainstorm. The
interactions between energy on the three scales involve a variety of cross scale energy interactions. During the entire
rainstorm process, the baroclinic energy conversions across various scales not only include the energy conversions from
available potential energy to kinetic energy, but also from kinetic energy to available potential energy. However, the
baroclinic energy conversions between these scales are always unidirectional, and the value is large, that is, the strength of
kinetic energy is maintained mainly by the energy transformation from the available potential energy to the kinetic energy.
The baroclinic energy conversions influence the rainstorm intensity. And the baroclinic energy conversions of large scale
are stronger than others in the upper and middle troposphere, while the baroclinic energy conversions of meso scale are
stronger than others in the lower troposphere, especially the meso-micro-f scale. Meso-micro-f scale disturbance may be
the key system that influences the intensity of rainstorm. The magnitude of wind shear affects energy conversions between
different scales of kinetic energy. The magnitude of temperature or potential temperature gradient affects energy
conversions between the available potential energies at various scales. The energy conversions between the available
potential energy and kinetic energy are mainly related to distributions of vertical velocity and temperature of each scale.
The rising of warm air and the sinking of cold air are the main processes of the conversions from available potential
energy to kinetic energy at various scales.

Keywords Meiyu front rainstorm, WRF model, Barnes filtering, Kinetic energy and available potential energy equation,
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Table 1 Averaged values of some items from the energy equations during the period of strengthening and weakening phases

of the rainstorm over the entire troposphere

B REMLRETT R B 23 I

FEMIIBE oK /ot Tkwy Tk .0 Tkw.p H " Bwy B,
A 1 —1 + - v 1 v 1 = 1 ¥ =
K, >K, 4, >K,
w3 vl - - ol + 1l - £l v -
K,—>K, K, > K, A4, - K,
oK /or Tk w1 Tk (0 Tk wp) H, Va Biow B
R + 1 + ] + 1 + 1 + -1 + 1 + 1
K, >K, K, —>K, 4, > K, A, > K,
%59 + 1 + 1 + 1 + + -1 + 1 + 1
K, >K, K, —>K, 4, -k, 4, > K,
5 oK'/t Tk gL Tk gy Tk . Hy Vs Bag) B
+ 1 vl + 1 + 1 - -1 + 1 st
K, —>K, K,—>K, 4, > K, A, > K,
I +l + + + -1 + = ol o
K, > K, K, > K, 4, > K, As > K,
dAfo Tpy Traw Trap By B Bup
3 -1 + —+ 1 + 1 -1 — +1 +
Ay —> 4, 4, - K, K,—> 4, K,—> 4,
ES -1 +l + + -1 - -
A4, - 4, Ay -4, 4, > K, 4, >K, 4, =K,
adfor Tr@n) Tr (e Te(up By Biaw Biap
B = + + 1 1 -1 -1 -
A, — A4, Ay —> A4, A, - K, A, - K, A4, > K,
W — 1 + vl vl —1 -1 -1
A, -4, Ay —> 4, 4, —>K, 4, —>K, A4, > K,
od'/o Tr ) Tr Trp B Bpa B
s -1 + 1 + 1 + 1 —+ - -1
A, >4, A4, > 4, K,— 4, A, > K,
L —1 vl vl + —+ — 1 — 1
4, >4, 4, > 4, K, >4, 4, > K,

1125

Ve = FOR R 1L R ¢ LT R o FR

AR,
TERENIRTIPBL, Kiv Ko I Ky WRAAIRYEFE
AR, (HEREBUREES, PrUlBKOereghst, (Hin
FEWESS, BEK R Z b . Ko AE 88 1L f2
T, KR SRRt A2 2, 17 Kp it
N o Ao 17 Ko I RE RS B IR/ o Ko A1 K A2 08055
AR, IR RS R OB e R A s o Ar
REAR R AMARYERF SUE, (H LB RE N Ty, Ri5E
FEWRES o Av N FEER T Baoi®3g 5. 1 Ay
A A SIS RE A, =S R R} s e e iy —
SEREPE RN o 5 B G S BOA L, Ko A Ko 2
8] LA Ko [ Ko B R 0 85 Ko 1) K IO BE R HOR T K

] Ko Fe e[ BE 5, K i) Ko i HH IR Re s A o/ .
ALH Ko F K 2 (A RER AR R AEFEAR o ALy Ao Al
A BRI &S, 7 REIN B RE AR A
N o Forr, R K HIAN AL [F) RO 2 ) (8
AR, AL E AR, 4 10 Ky 6
FRREU /N W 2, RV ,  RREZ Rk g
ALK B REGERF I 2R A

CL BRI, A RES B e 2 [H] A RE
o2 2 N YEFE I B A DR R, B RE R R
G, JRFVOREEGE; AR RERFHLEY, W
N BT BATLLE L, Ap i) Kp (36300 2
BRI BUSOR, TERR RIS B, 20 I



X A B % 42 3%

1126 Chinese Journal of Atmospheric Sciences Vol. 42

140 - 140 -

b r 0.9 ]

120 ! 120 .
£ ] i ) £ ] 2
€ 100 - L 0.6 = £ 100 A >
5] ’ L2 g :
T 804 ’ 2 T 804 5
g ] Fos 3 B :
% 60 —: : % g_ 60 —: g
401 00 8 401 2
a h | c o ] g

20 » x 20 e

0 ] r-03 ]
T T T T T T AL L LI T
0000 1 OIOO ZOIOO O6IOO 1600 0000 1000 2000 0600 1600
30 Jun 1 Jul 30 Jun 1 Jul
2016 2016
Time (UTC) Time (UTC)
- 0.50 140 - :
[ odo - 120 - 000 <
£ O B E 1001 [ >
L - 4 ©
> s ? % ] F-0.04 9
= F030 o 2 b [ =
= r 3 T 807 [ B
3 i ) 3 ] F-0.08 3
g ~020 2 g 607 i 5
8 [ o g ] . 5
% C 2 2 40 F-0.12 £
a i 2 o ] F i)
L0100 & ] [ g
C 20 3 o
: ] --0.16
=} 0.00 o +—m————r———
0000 1000 2000 0600 1600 0000 1000 2000 0600 1600
30 Jun 1 Jul 30 Jun 1 Jul
2016 2016
Time (UTC) Time (UTC)

140 1.0 140 - - 0.04

120 [ 120 g -
e ] F08 Ty g P00
£ 100 + - = £ 100 004 7
S ] I 2 S ] RS-
$ 80 F06 2 < 80 ; S
S ] i ) S ] r-008 2
% 60 0.4 g 3 60 [ 5
s ] : g g ] L_012 =
£ 401 I 3 8 40 : £
e ] Lo2 & o ] - 3

20 P 20 F-016 o

0 t—~t+——T—"——————" i 0.0 1 - 0.20
0000 1000 2000 0600 1600 0000 1000 2000 0600 1600
30 Jun 1 Jul 30 Jun 1 Jul
2016 2016
Time (UTC) Time (UTC)

K5 B3 REXINENNE (FE5), Meek) RIBIfE (A0, MEZk) LAROZ/NIR MK CARL: 10°mm: SE2R) BERTAIAEML: (av &) KJUE: (b,

e) a FRE; (ev £ BH/NRE

Fig. 5 Variation of (a—c) kinetic energy (units: 1077 kg’l; dashed line), (d—f) potential energy (units: 1077 kg’]; dashed line), and hourly total precipitation

(units: 10° mm; solid line) in the arca enclosed by dashed line in Fig.3: (a, d) Large scale; (b, ¢) meso-a scale; (c, f) meso-micro-f3 scale

(A [ A I A UL T Ap 55 K Z IR IR s g
S 4 [R) RO AR} s e e 460 v ) 25 T i B 1) TR
B, IXEREH B /N R RGP0 I i X % Y ot
FE R MK
332 MREZE

AR E 2 (8.5~10.5 km) #AAW =, 1
TSR B (1K 8a), Ki e KHISKIEZ AL Al K,

Ko F A X E T DT HRE /N o Ko R Kp 22 18] AH B AE F
A, Ko R FEORIET 4o 1 KL DTk

Ap 17 Kp A2 K 38R FZRA, A4 K
I R IE DTk, K55 Ko Z [AIAIAHEAE I BL Kp
Wt oA T Aus Ao B Ap (SRS SRR B
(P YPIR DAL, A7 2 18] R AH B A F R A D

CATS B e 2 18] B AH B A 4l DL TR) ROBE 22 TA) 1)



51 VPSR — UM B R M R P 22 RUBE g B ELAE RIS T S2B i
No.5 SHA Sha et al. The Study of Multi-scale Energy Interactions during a Meiyu Front Rainstorm. Part II: Practical ... 1127

R BE Ry o 02 RS DU
&, Ap ) Kp IO RE UL [ RSB RE R
RPN, KIULH SRS RER AR, WYL
mijz BFEZ R RERGE ], HANUERGES

© KL1 122 AL)]
4

0.21
1.5
X
B
=
>
e
“l—

0018
0.0038

[32] N~

o S 7 ol |o

OJ p= />\o\e<,\ p=] [l I
v\ 47 N\ v

1.03
LS| K®)1 AR

TEZT ISP B (K] 8b), HAR Ko Kps AL Fl
Ao #N Ky HEFF IEAEASCH IE B DTk, AHE AT s/
WATTG KL 2 LN R, HisaA R,
K Fl Ko Z T8 LA K 18] Ky e 3 o Ko F1 K 2 8] EA

(b) 1.08

- ol s
o |K(a)l A(a)T|5 3
s / 7 N °| |o
¥ \
~ o ~N 7~ 5
[, 8| |3
A4 ' 0.54 N\ Vv
K@) | - AB) 1T

6 XWEHE (2.5~105 km TH) FfE (A 1077 kg™ FIfzfg CBAfz: 107 kg') ZWMI7E (a) FEFTETRRTEA (b) JRISH BEIIAN AR

I R S AR RE TR 52 I B TR SRS B BB 1), S Sk AR Bl g e

7 RE 1S I sk NSy, R IRD

Fig. 6 Energy interactions between kinetic energy (units: 10~ J kg™') and potential energy (units: 107 J kg ') during (a) the strengthening phase and (b) the

weakening phase of rainstorm over the entire troposphere (2.5-10.5 km averaged)

. The vector arrows indicates the transformation direction of energy during the

strengthening or weakening phase of rainstorm, short arrows indicate the increase or decrease tendency of kinetic energy or protential energy, the same below

32°N

28°N

-3 -22-14-06 02 1 1.8 2.6 10°3Jkg"

32°N

28°N

CHNNEEES S -
115°E 120°E

[ [ D NNNNENNNEEEEERCS |

-24-16-08 0 08 1.6 24 10°%Jkg

K7 SR Ca) HESRBYBORL (b) JRISKMEL B N RERLAE MBI AE RO PO RR R fedle CHRAREL: 107 T kg™

Fig. 7 Averaged baroclinic energy conversion (units:107J kg™") from potential

phase of rainstorm and (b) the weakening phase of rainstorm

@) 1.72
K(L)T AL)]
4 F\\ 9, S&1[4
5l E 2 \\/ /»g 2
1 I1° 0@} S /Qgg =
A A
sl le =7 Wy Y a2l |
gl Iz [x@n s LCHEIRE
T N/ \“}“/ N e
H I YONEIE
</ \"\1&\ ==
vl 47 s v

energy to kinetic energy of meso-micro-p scale during (a) the strengthening

0.014
0.105
A
\4
/\
N,
0.001
0.001

I ) A 4 .4 . @
2|3 kot fe——Taa1] SIE
y W /\ s A <
= s //Q\@> \01\ é E
v 7 029 N\d v
LS| KB A@R) 1T

B8 RS (8.5~10.5km ¥ Ffit AL 10°Tkg ) FULHE CRAL: 10°Tke D ZIA/EEERT (a) BESRMIBIRT (b) JkSs M BeAH LA
Fig. 8 Energy interactions between kinetic energy (units: 10~ J kg ') and potential energy (units:10™J kg ') during (a) the strengthening phase and (b) the

weakening phase of rainstorm over the upper troposphere (8.5-10.5 km averaged)



N A 0%
1128 Chinese Journal of Atmospheric Sciences Vol. 42

K o3, Ko ln) Kp FHges KT Kp Il Ko %
B e, & o TRERG S RERIL HAE HECK
(PUTHR, AE1F Ko 4ERFIEA . Kp 3RIFHIRE RN T 10
Ki E4ae i, (0 K MORAERR IEAH 3= 252 RO 2
XAIER B F/NREERGSReHIE . X ARS8
BB, (AR 2 )RR Hs e i A #0005 o
333 AETE

XPTXHRET R, R B (K 9a), =
M REES)RERZBMARIYERF B . KL 5 Ko F
Ky 2 ) ¥ e 10 e 4 o LU O L 2 =y 2 0. AH LG ey
2, KT 532 [0 R s fg i Heom fE 059 ,
AR R, o i ROBERE s e i e 4l B orp JUBEARY
e B AT MG 5 o 7E 2R ORISR B (18] 9b), Kp
I Ki AL RE S W& ks>, = AN R RUEE 2 TR R AR
JERE R IR g . CL BN, KREE 5
K718 1) B BE 1) % 0 A AR At 5% W 4 5 110 dpe 32 2 1) it
BRIz —, R RGAE )2 AR HLAE & 2 i
334 REKE

55X E s E A EA b, 78 5 i SR B

(@) | 1.35
K(L) 1 AL)]
AN 2 A4 H
. c}<{;&’/_-
=| |2 ¢ > gl |
= < %} / \A/QQ g S

0.32
173
X
e
e
>
g
=

0.007

0.001

r W NSTTA
glles /N /0 vl |2
S = / /\ Jos\ > ;

(P& 10a), KT S HE [ B HE 1 2 4 ek
Wl BN RURE 2R G ) R s BE P 43R A A
5, BEWIEARE B b /N U 2R GENT 2 N A5 F o o
TERERT IR B (& 10b), KL SRt he
RIS AW, o HRERGURH S RE R B
HN R R GRS BE R R 25, T B /R
JE AR GRS RE Bl N e W ko 7833 B /N
JEEZRGEAT R 17 B B A A A5 0 LS 0T 2 N o 2 () T

g BRI, R RO 2 18] 1R s R e
SR, B ORERO s T RUBEZ () PR R} s e e
55, BEFOREEAUBES . R UK RE T 5 2 16
Rt e A O T2, AR B/ USRI e
B s, b B b /IR GUAL RE 1) B RE IR e i
58, BN R R GEL SN0 5 W YE 7 S K
3.4 FMMzEhEEzZ 8. (ke 8 AR EhRE S IRE Z (8]

REEMMEERR

CLEM T AIL, = A UEBIREL 0], A7 REZ [H]
LU Bl RE-S5 A7 g2 18] (0 e AN BT L HOZ AEAE I,
MR AT LG Y, sl Z Al

(b) 1.17

0.12
0.96
=
e
=
>
e
hig
0.012
0.0027

K9 JHREHE (5~65km P Fifig CGARL: 107 Tkg™) Ffiflg (fi: 10°Tkg ) ZRITERW (2 BSREBOR (b) IF9H B AR
Fig. 9 Energy interactions between kinetic energy (units: 10~ J kg™') and potential energy (units: 10 J kg™") during (a) the strengthening phase and (b) the

weakening phase of rainstorm over the middle troposphere (5-6.5 km averaged)

@) 0.5
K(L) 1 AL}
AN 2 A1
A '“\o\\017 >0 |3
SEEONPQAS IE
/\ A
o | | v / 3 NV ol [
g :Mmrk—é%——%mus g
FN_/ N Ta °| =
ol |z N7 Sl |2
2l < >l 2|2
/ 3\’ <
vl 47 6 Y
KE®) 1T APB)T

0.308
1.36
B
§ <
\
\ A4S
\ <
N
/
} A
3 <€
0.016
0.0005

B0 XRALEIEE: (2.5~3.5km P4 2hiie CHfi: 107 kg FIBLE CAAL: 107 Tkg ) ZIFEEERT () HESRBTBIRT (o) IRSSHT B ELAE ]
Fig. 10 Energy interactions between kinetic energy (units: 10 J kg™') and potential energy (units: 10 J kg ') during (a) the strengthening phase and (b) the

weakening phase of rainstorm over the middle troposphere (2.5-3.5 km averaged)



WSS U R W R T 2 RO REEAN TLAE IS 1L Sfm N
SHA Sha et al. The Study of Multi-scale Energy Interactions during a Meiyu Front Rainstorm. Part II: Practical ...

53

No. 5 1129

Re AL IR T X B S N2 ok, KR D)AR 1)
ﬁw,%mr%ZWM%E%@@%ﬂﬁﬁfﬁm
KNI RE (B 11 FTE 12). B 11 2R R

4

1 15° 120°E

BEW R o AT B N R RGN
T BR BEAE B RKIX (8] 3 X)) A i
PRI IR B K XA 2, T

(b)

(c)

32°N

28°N

(et

—
115°E

— ‘
1 15°E 120°E 120°E

12 2 28 36 44 52 610551

12 2 28 36 4452 6 681055:1

32°N
28°N

1234567 8 910105

L

115E 120 115 120°E 115°E 120°E
__AEEEEEes | L EEEEEe N [ [ [

0 02 04 06 08 1 1210%Ccm’ 0 02 04 06 08 1 1210%°Ccm’ 0 05 1 15 2 2510%Cm"

B EBRKXE (B3 RO 7 (a ) KIUE, (by o) a HRJER (eu £ BN REBRE GE—17: 6. 1007 FIRLBE

TAT: B 107 °CmT ERU R T 4
Fig. 11 Wind speed gradient (first row, units: 10~ s™") and potential temperature gradient (second row, units: 10> °C m™") of (a, d) large scale, (b, ¢) meso-o

scale, and (c, f) meso-micro-f3 scale averaged over the entire troposphere in the area enclosed by dashed line in Fig. 3

| IS |
8.0 | b [ |
| | | |
6.0 | i | |
| ] [ |
NN E |
| I
110°E 115°E  120°E 110°E 115°E 120°E HMOE 115°E 120°E
BT [ [ [ [T | ENEEEEEERSE | | | UEEEEEES |
0 4 8 12 16 20 102ms?' -36 -24 -12 0 1.2 24 36102ms’ -3 -2 -1 0 1 2 3102ms”
(d) K | 1M | | |
8.0 | 8 | I
| | 1 | |
6.0 ] | | ] | |
| | ] | |
| | |
40 ] | 1 | |
110°E  115°E  120°E 110°E 115°E 120°E 110°E  115°E  120°E
BN [ [ [ [T [ | BEEEEEEN | T [ [ ][ [ .
24 -16 -8 0 8 16 24°C 6 -4 2 0 2 4 6 °C -2-15-1-05 0 05 1 1.5 2°C
K12 EEROKRKER (K3 BER) B (an d) KRE. (b e) a hRBEER (co £ BN KRB GE—4T; A 107ms) FRE (5

ZATs B °CO B T EEHIT (29.5°~33°N 1)
Fig. 12 Height-latitude cross sections (averaged over 29.5°~33°N) of vertical velocity (first row, units: 10 >m s ') and temperature (second row, units: °C) of

(a, d) large scale, (b, e) meso-a scale, and (c, f) meso-micro-f scale over the area enclosed by dashed line in Fig. 3



X A B % 42 3%

1130 Chinese Journal of Atmospheric Sciences

Vol. 42

FRACE RV AR 0 518 1 A ek s AR A
DB, HARARTGER .. KREH SO0
B R R AT 1 A A, AE XA R 51
WP, P LT ) Ve B R UARIs a R
B oAb /N RUBE AR G it o F5E P AR KA P o0 55 2 T 1)
BAE YIS, AR REZ (A %A
JURRIK s8R A R R . WK 12 /LA H,
K RE RN Bl fE 2 18] R % 0 3 e 5 38 17 1) L
RETHA AN IORSER, KRBT 5 3 1
PR 2 EBOR, o FROREERN B /N RUBE R 48 7 B
JEAEXSHZ N R ETHES ), R R
ENAE P R R GEE H AR IIAE T et B2 S
Xt RV RERS RE AL B Sh REMIL R . I Atk
— DR T ESCR R B R LR R s R
JeRERFHON T, ARZ AT R R GRS e e e
N EREEE

4 HitERE

ARV B B (2018) S = AN RE )
REAALRE T RN T — e R e B I fE, — 7
e 0 T IR AN RE R A, 55— i 2
AP T LA RIS A AR, w50 = Fh
JE(CEERRNEHE 5 a PR B /N RE
ARG AR 8] A A AT TR 28 7 5 R AT 9k 58 )
AN

(1) 5 TofJZ R B XA AEL o 5 W AR [ T
RN ATROWAE TR Q E R T VAT ek i D
B . NGB, 4 N REAR R YEFF IE
H, HEW ETHER ERWEISH B, BARSR
JEENREAR AR YERF IEAEL, (HAZ A A 4B 5% 5 52 9k
ST o BIREAR A ARG T FE T 9 L 32 4E
FAFSAMRAF IR NG R, B H SRR
JREAE 2 R I P TG T Y

(2) FEZFHE AR AP BE e AN T
B AL ANFRBEBREZ 0] ALREZ 18] LK 3
AE- S AL BEZ W) IR FLAT AR AEATAE R, {HEhRE 2 1]
AE S A LA 0 B 2K 107 i 2 1) fiE B AH LA H
. RIUER SR B b/ R RS IE
Js BE R LA B rh /N USRS 1) K LT 5t
BERA T o FRUES B /N RUERGZ R IE
RE A (A AA 2. 8 R A e
BANBGEALRE T BN BEI) REBLFE 0, IS BLHE B REHS
R ATRE . ARLIRDIREZ TR R Hs g B 0 i

fiE
E

B, HAEEROK, ShRgm i T EAE AL RE I B)
HEM AE B IORYERF -

(3) MEERTHE IR BRSSP B[R Z AR
Jis B Fr e MRS dme T S, 780 U DR I RE e
B2 DA B VRS o UL B R S Dl i
H o R R R DL ) ROBE A RE 17 31 BE 1 56 e
Too HH R SRt s e R A v )= LR
5, AERRES; HIUZRGREAE R IAEINR
Bk, AEmJRESS, JUBL B NS RGN
WL AP) 17 KPB) FeApeR RIS goE T KPB) 1
PN NSRS &/ b AR LIPS 5
£

(4) WOJAZFIEE (R BRI R ANy 358
Wi % JRE B BE RS BE 2 1) (0 e R e 4, A A
Ko ALULBEEEBOR, RERHHBBYIE. (LRES3)
HE 1] 1A R 8 e 4 2 S by R RLJRE e Lk R A3 32
M oA o0, s TR U PR A IR
FEALRE 1) B e ) B R . KR o A
FR B, (HIREIRBN /N o R B R
JER G B AR B R ETHeshh 3,
2 R P ah 76 b RUZ R e il B AE L T
TERGRBE AR, BRI AEXS At B s B BE Y
LR, BT LU B 1R s e R o A 32 2R A
FEXFZH TR

(5) M ARSC A ZERI S 1K) 2 2 T A AT 5
B sl BEAAL RE 1) A e M REXT B W K58m0, #3521
Ko 1k 20 R 2 W AR IR BN ) 2B 4T RE R
Wi, AR Z AT G2 R RERAL
o BT ARBEUDIRE N, BeAT R A R
KARG, Iy KBS, P HRRRER
R PRI, DAY B RS HARAT — 5 I 7
o

Sk (References)

Bosart L F. 1984. The Texas coastal rainstorm of 17-21 September 1979: An
example of synoptic mesoscale interaction [J]. Mon. Wea. Rev., 112 (6):
1108-1133, doi:10.1175/1520-0493(1984)112<1108:TTCROS>2.0.CO;2.

Chen S J, Kuo Y H, Wang W, et al. 1998. A modeling case study of heavy
rainstorms along the Mei-Yu front [J]. Mon. Wea. Rev., 126 (9): 2330—
2351, doi:10.1175/1520-0493(1998)126<2330:AMCSOH>2.0.CO;2.

T 2014, FRE T S AT v IELBE R AR S A AL BIE O T R SR
[31. KA FRI2, 38 (4): 616-626. Ding Yihui. 2014. Contributions of
Prof. Shiyan Tao to the study of formation conditions and mechanisms of
heavy rainfall in China [J]. Chinese Journal of Atmospheric Sciences (in

Chinese), 38 (4): 616-626, doi:10.3878/j.issn.1006-9895.2013.13226.



51 VISR R R Y IR 2 RUBE e SR AR R RIS I SRR H
No.5 SHA Sha et al. The Study of Multi-scale Energy Interactions during a Meiyu Front Rainstorm. Part II: Practical ... 1131

Fu S M, Sun J H, Ling J, et al. 2016a. Scale interactions in sustaining
persistent torrential rainfall events during the Mei-yu season [J]. J. Geophys.
Res. Atmos., 121 (21): 12856-12876, doi:10.1002/ 2016JD025446.

Fu SM, Wang HJ, Sun J H, et al. 2016b. Energy budgets on the interactions
between the mean and eddy flows during a persistent heavy rainfall event
over the Yangtze River valley in summer 2010 [J]. J. Meteor. Res., 30 (4):
513-527, doi:10.1007/s13351-016-5121-3.

BTHONE, sRAEfe, PhERE. 1996, JURH g I 4% nf Mt RE £ 7 1) vh R0
PRI [7]. A% B}, 16 (2): 165-172.  Hu Banghui, Zhang Weihuan,
Sun Zhibin. 1996. The mesoscale squall line experiment based on
several-filters [J]. J. Meteor. Sci. (in Chinese), 16 (2): 165-172.

Kucharski F, Thorpe A J. 2000. Local energetics of an idealized baroclinic
wave using extended exergy [J]. J. Atmos. Sci., 57 (19): 3272-3284,
doi:10.1175/1520-0469(2000)057<3272:LEOAIB>2.0.CO:;2.

ABE, M, FEBENS, 4%, 2016 PUIERR SRR I R TR S S TR
=AY 3], KRARE, 40 (2): 341-356.  Li Qin, Yang Shuai, Cui
Xiaopeng, et al. 2016. Diagnosis and forecasting of dynamical parameters
for a heavy rainfall event in Sichuan Province [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 40 (2): 341-356, doi:10.3878/j.issn.
1006-9895.1507.14296.

JEBE, AT 2005, — VO R X2 R R A BB BT 5 AR R
FERSRGHIEMVER [7]. %244, 63 (5): 771-789. Liao Jie, Tan
Zhemin. 2005. Numerical simulation of a heavy rainfall event along the
Meiyu front: Influences of different scale weather systems [J]. Acta
Meteor. Sinica (in Chinese), 63 (5): 771-789, doi:10.11676/qxxb2005.
074.

B, RERECE. 2004. <0967 W F 5k 19 Iy U 22 £k 10 B (B BEAULAN 3 B
[J]. KA RE2, 28 (3): 342-356. Long Xiao, Cheng Linsheng. 2004.
Numerical simulation and analysis for “99.6” Meiyu front rainstorm and
the low vortex with shear line [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 28 (3): 342-356, doi:10.3878/1.issn.1006-9895.
2004.03.03.

FEDO, R, RIS, A5 2002 HERTEREBEAEFTIN B rh OB i ENLIE 1
IriT (0] MRISCE B LR AR (AR BHERR), 3 (4): 70-76. Lu
Hancheng, Cheng Wei, Zhu Min, et al. 2002. Mechanism study of meso-§
scale vortex system of heavy rain in Meiyu front [J]. Journal of PLA
University of Science and Technology, 3 (4): 70-76, doi:10.3969/
j.1ssn.1009-3443.2002.04.018.

B, PR, FTR, 452008, HT Barnes 5 K FEIK I % 0 0 BT
B RPESY 8 0] B B TR 22 e 224, 23 (6): 668-672. Mao
Wenshu, Peng Jun, Zhou Qiang, et al. 2008. Objective analysis and scale
separation of precipitation field based on Barnes wave filtration theory of
meteorological stations [J]. Journal of Chengdu University of Information
Technology, 23 (6): 668—672, doi:10.3969/j.issn.1671-1742.2008.06.016.

Murakami S. 2011. Atmospheric local energetics and energy interactions
between mean and eddy fields. Part I: Theory [J]. J. Atmos. Sci., 68 (4):
760-768, doi:10.1175/2010JAS3664.1.

BT, EWeA, BT, 55 2017. FIH WRF-Chem BLUEHUHT AR
VAR G X Fitow (1323) BB R BRAKIRE R [J]. KARFE, 41 (5):
960—974.  Shen Xinyong, Jiang Xiaocen, Liu Di, et al. 2017.

Simulations of anthropogenic aerosols effects on the intensity and

precipitation of typhoon Fitow (1323) using WRF-Chem model [J].

Chinese Journal of Atmospheric Sciences (in Chinese), 41 (5): 960-974,
doi: 10.3878/j.issn.1006-9895.1703.16216.

H D, Wi, AL 2018 — PRGN BB I R 2 R RE R AR L
EEIRTS L BR# [J]. RAURES:, 42 (5): 1109-1118.  Shen
Xinyong, Sha Sha, Li Xiaofan, et al. 2018. The study of multi-scale
energy interactions during a Meiyu front rainstorm. Part I: Theoretical
analysis [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 42
(5): 1109—-1118, doi:10.3878/j.issn.1006-9895.1710.17195.

FRe 5. 1977, A RFEM T BRI — 2L fm B [J]. KARRE, 1(1): 64-72.
Tao Shiyan. 1977. Some aspects on the analysis and forecast of the heavy
rainfall [J]. Chinese Journal of Atmospheric Sciences (Scientia
Atmospherica Sinica) (in Chinese), 1(1): 64-72, doi:10.3878/j.issn.
1006-9895.1977.01.10.

P, 1980. E 2 W [M]. dbni: BH# kL. Tao Shiyan. 1980.
Heavy Rain in China (in Chinese) [M]. Beijing: Science Press.

VNS, RLEMS, 30, 452015, B)JyE T X 2006 RN G X
WIS [, KAER, 39 (4): 747-756. Wang Yaping, Cui
Xiaopeng, Ran Lingkun, et al. 2015. Diagnosis of dynamical parameters
in torrential rain associated with typhoon “Bilis” in 2006 [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 39 (4): 747-756,
doi:10.3878/1.issn.1006-9895.1411.14184.

HORBR, JERA, #XAK, %5 1983, BRI 00 Uk b R B 7 S 3t
L 9] KARE, 7 (3): 303-311.  Xia Daqing, Zheng Liangjie,
Dong Shuanglin, et al. 1983. Some operators for separating meso-scale
meteorological fields and their comparisons [J]. Chinese Journal of
Atmospheric Sciences (Scientia Atmospherica Sinica) (in Chinese), 7 (3):
303-311, doi:10.3878/j.issn.1006-9895.1983.03.08.

RIGER, T—IL. 1988. G trfrh RBEIEN: [J]. KAURKE,
12 (3): 274-282. Xu Yuantai, Ding Yihui. 1988. Objective analysis of
meteorological fields and meso-scale filtering [J]. Chinese Journal of
Atmospheric Sciences (Scientia Atmospherica Sinica) (in Chinese), 12 (3):
274-282, doi:10.3878/j.issn.1006-9895.1988.03.07.

FHi, AR, SKBE, G5, 2011, M R B BRI R 20 B B A A
[J]. K%, 37 (7): 827-837. Yin Jie, Zhen Jing, Zhang Ying, et al. 2011.
Analysis and numerical simulation of a heavy rainfall event along the
Mei-yu front. [J]. Meteorological Monthly, 37 (7): 827-837. doi:10.7519/;.
issn.1000-0526.2011.07.007.

T, KRR, KA. 2014. EOF 234 T B U B M ARG MHRER ]
KARIE, 38 (4): 795-803.  Yu Jie, Zhang Jiquan, Zhang Ming. 2014.
Study on meso-f scale torrential rain with EOF [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 38 (4): 795-803, doi:10.3878/j.issn.
1006-9895.2013.13257.

SRR, FIIF, Kz, . 2002 KITH ISR N 02 R &0
[J]. Rl#£i@3R, 47 (6): 467-473. Zhang Shunli, Tao Shiyan, Zhang
Qingyun, et al. 2002. Multiscale conditions of flood rainstorm along the
Yangtze River [J]. Chinese Science Bulletin, 47 (6): 467-473,
doi:10.3321/.issn:0023-074X.2002.06.017.

BER, EmLr, G 2011 — R IR Y R M AR 1 2 RUEE 45
MIRRE [, KA B4R, 34 (1): 14-27. Zhao Yuchun, Wang
Yehong, Cui Chunguang. 2011. Multi-scale structure features of a typical
Mei-yu frontal rainstorm process [J]. Journal of Nanjing Institute of

Meteorology (in Chinese), 34 (1): 14-27, doi:10.3969/j.issn.1674-7097.



1132

X A B % 42 3%

Chinese Journal of Atmospheric Sciences

Vol. 42

2011.01.003.

JAMG, EEM. 2005. 2003 41 6 7 30 FIMERTHEAIER B Ay hEL:
PR 2 3 ) 0k R [9]. %24k, 63 (3): 301-312. Zhou
Haiguang, Wang Yubin. 2005. Structure of meso-f and-y-scale on Meiyu
in Huaihe River basin on 30 June, 2003 by dual-Doppler radar [J]. Acta
Meteor. Sinica (in Chinese), 63 (3): 301-312, doi:10.11676/qxxb2005.
030.

FAEI. 2009, ) SGRALIA AEVLHERISR R 2 ST TR P N [0]. K
A RF2E, 33 (5): 1101-1110.  Zhou Yushu. 2009. Application of
generalized moist potential vorticity to analysis and forecast of the

torrential rain over the Changjiang-Huaihe River Basin [J]. Chinese

Journal of Atmospheric Sciences (in Chinese), 33 (5): 1101-1110,
doi:10.3878/j.issn.1006-9895.2009.05.19.

RECH, MREREG, FFHC. 1981, RAEISRIAT i M]. G HARAL.
Zhu Qiangen, Lin Jinrui, Shou Shaowen. 1981. Synoptic Principles and
Methods (in Chinese) [M]. Beijing: China Meteorological Press.

RECAL, R, TKRIGEE. 2001, s SUAURE & xRV i i 2 i B
ML S (0] /R R B, 24 (3): 308-314.  Zhu
Qiangen, Zhou Weican, Zhang Haixia. 2001. Mechanism of the formation
of torrential rain by coupled high/low level jets over the middle reaches
of the Yangtze River [J]. Journal of Nanjing Institute of Meteorology (in
Chinese), 24 (3): 308-314, doi:10.3969/j.issn.1674-7097.2001.03.002.



