2017 4 {40 % 55 2 4.224-232

RARFFR

wE http : //gk.nuist.edu.cn/dgkx

ETRMEZREGERESME(MS-EVA) NI FXREEFH
KXFF MJO FMEES

4 O+ vy — OO e vy o ®
Iab- JRM =TT AR R

~

O B atfi B IR R RAPEEBE, LI B At 210044;
@ W AUfE B TR R WAL B, TL95 B At 210044

@ FEM TGN, IR %% 271000

* It 22 A, E-mail ; luhuichaocherry@ gmail.com

2015-12-14 W f5 ,2016-03-30 2%

[R5 198 B2 0 4 VE 01 1 (41276032) 5 2 BR A5 1L 5165 50 HI 14 71 %51 ( GASI-IPOVAL-06) 52015 YT 35 00@1 AT DAL F 5 YT 95 44 4508 S50 I

X §E 1A

MIJO ( Madden-
Julian Oscillation )
$RERTRA
4-#7(MS-EVA)

WE RAR S REARSIHEZS I FH(MS-EVA) fo & T MS-EVA & & 3b iE 0 4% 4
H5RABEMEBATIRFEREEMO WS TRRIT TN, BEER 1) 5] R
WELEATEMIO shfe Tie) 2w B £ A b s Ao LR E N, £
VA AL R AR T SRR ] R E 6 KL, MIO 69 £ 3 R AR

FEA M E BRI AL S e RS RATNEH o H . 2)IRSAEY | grEFEAER
TEMIO s Tty TR W F RSB R EAMAER, L P XREH MIO REMH | £k
ROBEA% iy e 3 P s WL A I A WA R AR, WO Z 3% 3 B L MIO 693 80k ,JF % 5~ | MIO 48
IS°N R EZ EERBEIMNY, I)MIO 5RAREZARN G ERNEIZRAA | 5xpix

MJO #9340, 3 5 MJO 3R o A A & MIO st R A R Bk 3 3h il 49 -F A2

I

PR AR B A B 2R 0 2 I 25 RUBEZZ %, 40
EPRAR R AT o R KA B4 . KA
AR EER AR E S FW R RIERFR, 2
B B A 1) R L RS o PR R AR iR 5 i
FTWRSE 2 R H B, T Al R AR IR 7 1) T B A S
J& MJO ( Madden-Julian Oscillation) , H M 20 {22
70 44 4], Madden and Julian ( 1972) 7E #f 5% #4745 K
AU R B MIO DIk, i T A B 45 K g ) pL s Y
SR A 5 MIO 3 Jy AL i BE 5T — B b b
IFFE A #R R ) R8T (B T 45, 2015 5 Ja] 5l 45,2015 )

MJO ) BE & 27 WF 58 76 B2 B b n] DUAE Ry
MJO iy 2 WL BRIe E R 2= % . R AE 1988 4,
AR B ML NN BE 5 73 BT 19 £ B2 4 IR IR 2 119 32 2

AE H IR 1E s AN R B it ) A% i A0 AR A A RE i
[ 4% (Zhu and Zhi, 1988 ) , WG b B0 ik 1 BE &
s RO AL fy i B L 1990 4E, Sheng and Hayashi
(1990a,1990b) 5} MJO R)JEzhgER A MIO 55
SIS AN TR] RRE 22 8] f A B AR B BE B A% 4
B =AMk Z Ja , SR IF IS kB MIO RUE— R
JUBE 22 Gt 1) 2 B ABUR 25 44 A R T 3l 3l 4 i Ky
MIO R /Y A &% AL 68 1) R R K - 3l BE % H
(Mapes et al., 2006; Khouider and Majda, 2006,
2007; Kiladis et al.,2009; Wang and Liu, 2011; Liu
and Wang,2013) , N1 #& 7~ T 3l B8 7] B 567 RS R
J A 4 ) 24 58 SC; Hsu and Li(2011) f2 3 3% 70 A
RREEFI MIO RUBE 3 2o 15 18 A 2 M 00 % U 2 3 fig

2240 40(2) 1224-232.

SIS S, T =, IR AR, 2017 2 T R 3t 2 UK RE R 8 22 20 T ¥ (MS-EVA) 1 Jb 2 BRE 72 P4 K- MJO B REZ AT [T ] U2

Lu H C,Liang X. San,Rong Y N,2017.An energetic study of the boreal summer western Pacific MJO with the localized multi-scale en-
ergy and vorticity analysis( MS-EVA) [J].Trans Atmos Sci,40(2) :224-232.doi; 10. 13878/j.cnki.dgkxxb.20151214002. (in Chinese) .




PR A R T R M 2 RO BRI BE 0 M 5 (MS-EVA) L~ BR BT 95 P 7 MIO gl g oy it #

1 TR, 3#E— 2 A9 MIJO RUBE 3t 3 1 R A< RUBE Uk 8
R AR A5t 3l BE AT LATE AN [R) RUBE /Y & &2 1) 4%
iy o H IR AR Qe 52 e MJO 1 & A K ¥ R 4
7N 3 BT, Zhou et al. (2012) BF5E 1 MIO 43l REW SZ
S3 A, 45 i MIO Bl BB Y 3 2k I BB E ) 8
TR S50 BE 1] 2l BE 1A % 48 T, 5L J R ARORUBE R R
FUBE T RS RE 1 A% gy AL 6 AN 2

M MIO 1)k & ALk B AR R A H K A K
IR A RS E RE A A A2 R R T L
AN PR B A s [R] (8] B P 0 s ] Ja b 5 G A, AN ER
FE I R BA AR 2 RO A8 B G B e
it EERAERT , 2 REN M 2 RIEREM SR
I 2 RO Y BE i Jmy M v 2 AR 26 /4 (08 40 A 1
Jl, Liang and Robinson, 2005; Liang and Anderson,
2007) o P, 1558 BT 12 W de g 1k 0 5 TE AR X
56 SAFRAL LI 2 /) SEBrah Sy fe . o T ek
1R G RE 2 W 7 VR AR TS AR M IR i Ry BR A
Liang and Anderson (2007) 4& 1 T — F 57 i 12 W7 J7
2, B R 22 ROBE BE it i 2 23 B 12 (localized Multi-
Scale Energy and Vorticity Analysis, faj FX MS-
EVA), % J7 i #7 1F Liang and Anderson (2007 )
B —EH iz ek T H (W 2 RO 725 [ 28 4,
Mutiscale Window Transform ,MWT) By At [, N &
AR (SE Egett) , JF HAE e EAEn] 17T
T RE 1 1% i 5 28 L 3t BRI A S RS P AR A 0

Jeb B E Bl KPP 2 RIER IR RS
BB (pana Nk TEZE) , AR EKRTR
B A7 A B S e . PRI X B ZF MUJO A7 RE i
FEXS T3 A Fe Bl S AL LA K 2 RS AR ELAE A A6 %
NEENSHEZ L AR MS-EVA J5 ik, 4
Tl ie bl Bk E 2 MO 11 ) Rl % 46 Fn A% i ok 72 3K
PR RN Y 5 RUBE RE it 1% i IF 5 R AT 36 90E 1 56 3
1 H#Ef MJO &5
L1 #/#

AR SO T B BE R

1) Bkl #0> ERA Interim 2 H =4k X3 I8 &
Gy R

2) Lk K& NOAA 3 H In] 4+ ik 48 5 (17 K
OLR) B¢ k. JIr Fl %2 B B0 23 0] 73 B 45 Oy 2. 5° %
2.5°  F R 1988—2010 4EH: 23 a,
1.2 MJO &8

SR PR L i 722 48 4k B G f BR O 2R X8 (110 ~

160°E, 0~ 30°N) (b~ Bk & 2= P4 K F ¥ i X MJO
ZRETE IL X SR A AL f5e o B A2 ) SF- 3 OLR 37, 153 31 )
RUGEME 1R, AT AE A A RE (20~ 100 d)
RARIE (/NT 10 d) 7359047 16 W 5 1 e {EL, 9 H.
e {1 24 3 21 W 2R D 95% 1Y B 5 TR I . Be oKy
JELU6 5 3 5 43 % 9 R RO MIO RUJE AR TR
Y.

1500

1200 §
900 [§

600— ¥y

FE/(W - m™?)

300

1

s,

0 -

0 o I().lI - I0{2I - I0.3I - Il').4
B d
Bl 1 1988—2010 4EJL Pk 2 (6—8 ) X (110~
160°E,0~30°N) - OLR J) % i (B2k) (M2
TR LM AR UE R ; R RIR 95% B AR )

Fig.1 Power spectrum ( black line) of the 1988—2010
summer ( June—August) OLR averaged over the
domain(0—30°N,110—160°E) ( The dashed line
represents the red noise spectrum, and the dotted

lines the 95% significance level)

A SCHL R KA. Wheeler and Hendon (2004)
FE LI MIO $5 B0 MIO #4745 i (http://www.
bom.gov.au/climate/mjo/) , MJO #§ %\ /& i ;= EOF
I M e A 2 BEAY 2 A T a3 AT P T SRR BRI AT A
# MJO 58 B . MJO "] L4 8 A, AR T
MIJO 1y & ( Wheeler and Hendon,2004) , A< 3G
& MS-EVA X 1988—2010 4 7 4F 3 17 118, 1
Ly U % (6—8 A1) MIO JEECK T 1 9% MIO
FOF 4 IR 8 A LA HE AT A R 13 B A R MIO
FF.

2 F/ittxd REEEIREDHE(MS-
EVA) & #1
2.1 MS-EVA g &t
MS-EVA J5 3% # 57 fF Liang and Anderson
(2007) Gl g 1 2 ROBE ¥ %5 0] 28 #e (MWT) |,
MWT 38 i V7 o6 28 3 i 45— A 79 4 (B[] 5 25 [a)) 75
DA T 52 43 il S AN R RUBE Y ¥ 5 [B] 22 A, T 3 A
EA 5 R B S R A W B R 0 R M ME S . B —

225



ALHEFIR 2007437 H40E H2w

-2 [R]R AN (] ) B )R BE S B, SORRAE RBE 4
£ MWT [HEZL T, AT L S J7 {5 1l A 5% b Bk 37 44
MR 2 1) 22 ROBESE HAE o MROAS SCHT 22, 6 el R
2R 5K 3 A28 B B E RO R R =S ]
MJO RUEEZS [B) FER SR 25 ] (43 B R R A w =0,
1,20 KRB ENF250H) . WRFIIRK N T,
O JE X 7 B ) RO VS B [ 272w, 27w ] [ 27,
2], (2707, 7] X HL o, jy,0, IR 3 ARER)
RSO 1= 2" GE AR SCHR B T A A 4 R, U
MRS L 27,20 ], (20,270, (27,2 ], 41 At
RRRER MO REFEMRXRAREE. KR
KV, FABEREEK 3G K] =
%f’;f‘; - Vir K, HI MIO Bk
2.2 MS-EVA Hghgt iz it &

PUF RS A T B 4Lt &k, B4l MS-EVA i
WHETH MJO RESIAE T f2 . 7855 M 1 3Kk AL b &
A :

E)+ u 0 va

tang
)v +(f " )kah=
ap a

ot acos¢8)\ aa¢

-V, D+F,
d
Ve V/z+£:0,
ap
ad
T TOo (1)
ap

Hofou,v, o 505 & K 8 5 A5 A

a EBROET SR f RFHRSH e B, A
LD R F O REEI) V-V, KR

RT
IK V- 38 1) K U 5 o= —7;T1’%?ﬂ%f§o

XFCL) A MWT 224 SR J5 Sk vV,
I AL 152 MS-EVA = RUE T 1 3 fET7 72
(0 Liang and Robinson,2005) :

(0K, )
ot =T V@l
Hr:-v Oy, £m o REEF25 113 febE A 7R
2S8R B ik iz M, Iy, Ron AN TE
REF2EN o REF 5 IEUE’JEFT%%%‘EE%J
K E RORFER; X B — AL 2 Pk 5
R 723 1A% i v4) o ELlang(2016)EF7ﬁJE7f%
MO, HE R 5L G MR T fE R A M, &
fi] 5 T 45
1 90, 1 9d(Q,cose) 90,

v - Rl + + 5 3
Qi acosg dA  acose dgp ap (%)

y G —

kz_VQP,n_bu +E, (2)

226

_ T\ ~w N ew w
r, =-v- (Vvh)n Vi, TV - QK,n_

1
—7V LV YT YT (v S ) T

v

~w ~w

1
T LT ) (v )

Vv, o (4)
oo, REmE A n R BT LR AR T R
Peo 4 r) ot Ay R R R X MIO R
(Toy) KA X MIO RLJEE 1 15 R JE Al 1L B 700
(Ty ), U AT DAAE H

0—1

1
T,=I, =V

B R T TSI
(Vv AV YTy )

2
20 ~0_ ~1 ~1_~0 ~1_~1y ~0 2~ ~0
Vh,n_?( Vv, tV Vv, +V oy, )n Y Vino
(5)
T. = zﬂl__iv ( My 2hy iyl ey i)
21 _Fn - 2 v vh v vh v Vh )n
Al 1 ~1_ ~2 ~2_ ~1 ~2_ ~2y ~1 S|
Vh,n +?( v Vh +V Vh +V Vh )n : v Vh,no
(6)

s B A, A R RUE—MIO RUBE 5 RUJEE
FERAMTEEREED o =0, IEKRREHGOT
BEAT Mo MFSE R R [6] MJO RUBE RE B 1% i 7
BT I o A R AR E—MIO R B RUBE RE
EhH S EE N o =1, 7 MIO RUEES O i
fror#r o

-V - Q7 M=b7 ilFR w REF25 6 f T
7 338 1) B 5 A HIORI A A7 BE 15 3l RE B9 e 4 5 |
I 3h RELE AL -

-V 07, =V (9,74, (7)
-bY =-w." )", (8)

e JE A% B0 1 185 19 3h e il S T R
K, =QK+T+QP+BUOY+R,T=T,+T, ., (9)

w

a n —
Hop: KRR ,EﬂfﬁJﬁE 948 Ak &5 QK E R

-V Q‘Z,,,,ED?JJ %KIEJRT“E’— 1] R 1 3 5 T Ui
BRI R T Ros T, BIRE 76 A [a] KB ] 19 1E
WER 3 Ty, Ty, 53 50 32 R RE—MIO RUEE LR A,
RE—MIO RJE W 3 fg 85 R & fi; QP 3%
A=V - Q7 BV B BE ) Al ) B, BUOY 3% IR
=by , BVA UL BE 1] 21 BE A e 0 s R 2 /R BE AR HI F o
B T IRATO0 M2 MIO, 225 >k 19 g & 43 A — e AE
MJO RER Filtfrihie (W w =1) (E5EEN 2




PR A R T R M 2 RO BRI BE 0 M 5 (MS-EVA) L~ BR BT 95 P 7 MIO gl g oy

RRUBZ ) MIO RO 1 5 ROJRE AR B A T 00 7 R RUBE
WRHE( o =0),

3 &R MJO i1y MS-EVA 2B 45 #7

3.1 MJO BHEESHT N

2 J& 8 AR A L K BR L F (6—8 ) A 100°E
MJO R B RERY 100~ 1 000 hPa T 17 2 9 b5 f: 22
S, AT PR B s MIO RUE g RE TR
EOP ¥ 45 %2 46 120 ~ 160°E 10 ~ 20° N 47 45 K fif
I, R B  MIO RLBE Bl fig A L 3R 2L, T S0

COoOOm ===
hroxobroaxo

K2 8 ifla bR E % (6—8 H)MIO RJE
ZHAERY 100 ~ 1 000 hPa 3 1 - 34 i 45 1 22 73 A6
(B m - 7)) (S FR 5—T PLATF 1 1 i
OLR 5 %, K/NM =10 W - m™ JF 4, i B 2

% XK AT T W m?)

A3 ﬁ%u#] MJO RTE@J@E(%% MJO KE) Fig. 2 Composite summer ( June—August) MJO KE
120~ 160°E .10~ 20°N 4b iy ¢ L i) ifii ( & 3a) \MJO standard deviation averaged over phases 1—8 and
KE 5 OLR [ B[] 42 46 (% th 26 (& 3b) L & MJO 100—1 000 hPa(units:m - s>) ( The thick con-
KE 725 Ak 2 A5 75 K7 X A K20 A (K’ 3¢) o tours show negative intraseasonal OLR anomalies
3a tft MJO KE KAH A T AR ZE P T E AR averaged over phases 5—7, starting from - 10
JRTR I o I HAE S—7 ALARE X = PR JZ 700 W m™, with an interval of 2 W - m™)

hPa [ffjfr ) MJO KE ] I 3 5 ; 1fif DA &l 3b #] UL e 25 LRS- A e

B OLR ( REXF it A0 ) £ 5—7 (A% 2 04 RF 1 | 3.2 FAFE S MJO ZhEEU 44

7%, MIO KE WG T 55 [ 3¢ it MIO KE ZRAERAL 30 1 MIO 3w g A i S 45 901 He

LA T X ARG AL BERE AE X AL MO R FRBEGEAS  5—7 £ M Lk BR 2 P kO

FEShREASAC I o T ORI TR SRR IE N e o MIO R B R AR AR I B T LR S %

BT HRICIE W % X MIO RUEShRESR T 0. g g AP 2f |- 25 K WA T 5 S BFSE . o 2 2B 7S
5 20

100 ¢ o -

200 2] — 20 9 T
400 t = ~
& 500 | /\\“* 12 =’ o
£ - -5
= 600l ™
r 8
700 | 4 5
300 1 4 20°N 431
900 2
0 M 10°N 1
1000 == R 0
Pl P2 P3 P4 |[P5 P66 P1| P8 -1
RiAd 100°F 120°F 140°F 160°F

“5pis

B3 MJO RJEZFHE(MIO KE) BUX I8 (120~ 160°E, 10 ~ 20°N) - £ £ 5] {1y 3 £ # 1 4 (a) ,MJO KE (i fiz:m” - s7) Al

OLR(BAf7 : W - m™) B i 1] 25 4k il 28 (b 78 X 4 120~ 160°E .10~ 20°N 2k XF 100~ 1 000 hPa 3K - #4715 %) LA Kz MJO
KE A {6 R [ 7K - 734 (¢35—7 SLARAS 100~ 1 000 hPa sKF-¥755)) (14 3¢ S {2k KR 5—7 fii fl-F-H#) L OLR &
WORAN=10 W m 7 HF 45 RG22 W - m)

Fig.3 Section distribution of MJO KE averages between 10—20°N and 120—160°E(a) , the curves of both MJO KE (units;
m’ - s7*) and OLR(units;: W - m™>) changed with time ( b; for region 10—20°N, 120—160°E and averaged between
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Fig.5 Section distribution of BUOY and QP ( a;averaged over the region 10—20°N, 120—160°E ; units: m* + s7°),
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negative intraseasonal OLR anomalies averaged

2

over phase 5—7, starting from -10 W - m ~, with

an interval of 2 W - m™*)

8 TR A 5—7 RLAHI A, X337 )2 R 2 (500
~900 hPa) 3l fE I\ KL FR G 1] MIO 1y 5 R A% i
(T, )Lk OLR fit 5% /K F- 43 fi o MR RK AR
JE—MJO R[] RE it A5 50 (T, ) B R E= (X 6) .

229



ALHEFIR 2007437 H40E H2w

St e AR A AR IR fEOR T AR I, By LA
IR EERE W T, N o RIS R, T, 5
KA gy i B 2 MO RUBE 34 3 A ) MO
WP KD AN S o i T PR L XK
ROEZGE 0 BRFAE D9 A6 P8 w5044 9 3 51 (Hsu

1 N\
et al.,2010), iF L v2v,;? >0, ﬁjz?(v“zvf);‘
Vv, R 3 SR T MIO R AR Vv
_i ~2_ ~2 ~1 | =
T21EF 2 v - (V \ )n ° Vh,nmulﬁ MIJO Xﬂ’%mﬁ'

JE Bl AR A A G . B, fE MIO i
PR ST ERARJE MIO FE RUEZ AL f sl g, Jm i b IX
A7 1E Bl BE Y T+ RUKE AL i

: 39
20°N | ° >4
1.6
0.3
2N 7 -0.8
# -1.6
24
-3
. _ - -40

100°F, 120°F 140°F 160°E

7%

&8 Xz R JZ (500 ~900 hPa) 5—7 fii # KRR
JE 1 MIO f 5 RUBE S 35 (& f 300 (T, ) (BA S

s AL FOR S—T BLAHF- 4 fi OLR 5t
WLRAM-10 W m IR Y 2 W - m”)

Fig.8 KE transfer from the synoptic scale to the MJO
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An energetic study of the boreal summer western Pacific MJO with the lo-
calized multi-scale energy and vorticity analysis( MS-EVA)

LU Huichao'’,X. San Liang'* ,RONG Yineng'

'School of Atmospheric Sciences ,Nanjing University of Information Science & Technology ,Nanjing 210044 , China;
2School of Marine Sciences,Nanjing University of Information Science & Technology ,Nanjing 210044 , China;

3Tai’an Meteorological Brueau ,Tai’an 271000, China

Using the newly developed localized multiscale energy and vorticity analysis( MS-EVA) and the MS-EVA-
based theory of canonical transfer and hydrodynamic instability, this study conducts a diagnosis on the variability
of the boreal summer MJO kinetic energy (MJO KE) .MS-EVA is based on a new functional analysis tool, namely
multiscale window transform, which splits a signal orthogonally into different parts,each part characteristic of a
specific scale range or scale window.In the present study,the atmospheric fields over the Western Pacific are re-
constructed on a large-scale window ,an MJO scale window ,and a synoptic scale window ,and the interactions a-
mong these windows are investigated.From the results it is found that,in the upper and lower layers of the tropo-
sphere ,the MJO KE is governed by buoyancy conversion and pressure work.The positive center of the buoyancy
conversion is located in the northern part of the convection, which is considered as the source of the MJO kinetic
energy.The pressure work redistributes the energy over the region,the negative center of which is located near the
convection, and the positive center is located around the convection.A deeper study reveals that,in the middle-
lower layers,the MJO kinetic energy mainly originates from the canonical transfer across the scales.The canonical
transfer between the mean flow and MJO scale windows, which are located in the convection dues to the baro-
tropic instability over the zonal band 5—15°N, and the canonical transfer between the MJO and synoptic scale

windows,located in the convection, performs a pattern of the energy transfer from the MJO scale to synoptic
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scale ,and depends mainly on the MJO-scale velocity gradient and transport of the synoptic wave momentum flux.

Specifically ,as the MJO convection propagates northwestward across the Western Pacific,the MJO KE un-
dergoes variabilities , with the maximum located to the north of the convection center in both the mid-lower( ~700
hPa) and upper ( ~ 200 hPa) troposphere. Our MS-EVA diagnosis reveals that the composite KE integrated
through all levels increases with time to the north of the convection center.In the composite KE budget,the con-
version from the available potential energy ( APE) within the same scale and the work done by the pressure gradi-
ent dominate.This result is consistent with the Gill model result,in which heating contributes to the MJO develop-
ment.In addition, geopotential fluxes from extra-tropics should be taken into account.The balance between the en-
ergy conversion from APE and pressure work for the composite MJO event is similar to that synoptic-scale dis-
turbances.A large amount of KE dissipates near the tropopause due to the cumulus friction. The other important
term in the KE balance is the cross-scale KE canonical transfer among the three scale windows.The KE transfer
between the MJO and the synoptic scale windows is a sink of the MJO KE, while that between the MJO and
large-scale windows is a major source.That is to say,barotropic instability is the main mechanism which extracts
energy from the mean flow for MJO to grow ;in particular,it has been shown that during the active phase over the

Western Pacific, MJO extracts much more KE from the background.

MJO ( Madden-Julian Oscillation ) ; localized multi-scale energy and vorticity analysis ( MS-EVA ) ; multi-

scale window transform ;Kkinetic energy ; canonical transfer ; Western Pacific
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