Kinematic analysis of the MJO by wind partitioning

Angel F. Adames, Jérome Patoux and Ralph C. Foster
1. Department of Atmospheric Sciences, University of Washington, Seattle, WA

2. Applied Physics Laboratory, University of Washington, Seattle, WA

Coherence — Background Flow Zonal Means
The Madden-Julian Oscillation is the dominant » The spectral regions of highest coherence do  (ajcon? vy vs. z (850 nPa) symmetric (c)Phase Ug vs. Z (850 hPa) Symmetric 850 hPa
. . K . . . 0.6ttt by 7 7 . 7 B . —
component of intraseasonal variability in the tropical not correspond to any equatorial wave mode. - N ‘7/ | -6 - [350 5 60-p
] : : .4
atmosphere. 0e3" %‘ 1 ° [ P0° 3 -
» Fluctuations are nearly out of phase. 2 0.4 o 0.5 & 250 5 2 .
. . . . — - 7 3 — P 0 1 o ]
ts structure is potentially influenced by multiscale o , >0 11 o O, o 200 E - P
. . » Appearance looks similar to extratropical 5 it SH ° 3 =g "
orocesses and extratropical motions. 5 38 150 9 E 155
Rossby waves. 30.2 30. o ~20 I
o .2 Fy 1100 A .2 ‘ \_ :
L . . Fig. 2: Coherence (left) and phase (right) of U, from . o . .3 |
A partitioning technique is proposed that can S : (left) ; Prias (right) 9 T e 1 ’ 50 40 |
o o —— /RS A% 4 Q X
n - field within th o 15°S-15°N with geopotential height anomalies from O T " O ) | ° ‘ |
separate the wina tield within the tropics Into an 30°-45° (N and S). O A : 5 ~60 .
. . . Wavenumber Wavenumber MJO Phase MJO Phase
irrotational component (U, ), a non-divergent
component (Uy), and a third component associated Com pOSItES Fig. 5: Phase-latitude diagram of Uy and U, at 850 hPa averaged over
with the extratropics (Ug). U NDJFM 850 hPa Composite MJO Phase 3 n=1924 , U, cross-sec, MJO Pnase $ n=1924 NDJFM. Red contours denote positive height anomalies and green
30°N - 3l 12 ~ 100 | contours denoting negative anomalies. The zero height anomaly is
..... Ay ° ° °
. . oy - - O - . .
We analyze the contribution of these components to 1SN Tre ) 5 Y o marked as a black line. Contour interval is 2m
0 T “
the MJO. 15°s - = é 500 - C I .
30°s {1 DI R TEN onclusions
’ . | | I ' ' - 1888 — I | I
Free Space Green's Functions 0° 60°E  120°E ~ 180°W  120°W  60°W 0° 0 100 200 300
Ux NDJFM 850 hPa Composite MJO Phase 3 n=1924 _3 . Longlc;cudf 2 1924
o I I I I 10 cross—sec, MJ Phase n= .
A vorticity element, C,,, centered at (A’,, @'y 30N TR e T N . g : 100y . > s * The local components (U, and U, ) show a classical MJO
. . . g 55 S AN S~ o~ NN a 7 Px 3 A VAP R . . . . .
contributes to the wind at any point (A, ®). One 15°N ©= — " = S T S f:’n 2 500 C%) 1_/- 5 pattern, with wind reversal with height.
' : : 0" I e R i R LY | G - 2
reconstructs the total non-divergent wind field Leos A NN ‘ e il W = : 8 3001 \ A\ 5
: . : : o 5y AR TR N T P o N . 0~ A i T : :
induced at (A, @) using the following equation: 30°5 - e FHITTINANR TN k- N - g 200 fh‘/k‘\ ~ 055 » Uy is weaker, but of larger horizontal scale, than the other
~ 0 -
0° 60°E 120°E 180°W  120°W 60°W 0° a1 838320 ./":Zﬁ (o2 -1 wind components
M—-1N-1 TR , Y 0 100 200 300 P '
1 = x— ,, Cos¢sin@); —sin¢@cos @y, cos(A — AL;)
U¢()\, d)) —_- ) > Ckl U, NDJFM 850 hPa Composite MJO Phase 1 n=1256
4mra k=41 l=; 1 — cos v T! ! _ e 1 U, cross—-sec, MJO Phase 1 n=1252
M-1N-1 Fig 3.: Left: Non-divergent {top) and o I e @ ¢ 2] * The background flow shows an oscillation in the central Pacific
vo(A ) = —— G, S8 P SIN(A — A) irrotational (bottom) components of BRI e - <1 o associated with extratropical height anomalies. The anomaly
d1a k=¥ z:f 1 — cos Y the flow for MJO phase 3. Shading 5506 _13;?;\' < ,a-,.;) X S (3 .é"'i "g 500 has an equivalent baereriC Structure.
. . idi i ’TT:\ 35 12) I = N : = —0.5™ 700
Where (A, @) represent longitude and latitude, and denotes humidity anomalies. 50° I//R\« LIZ A%y TaaN P2 | g 1§38 .
. & = s o e e e 100 200 e .
Y represents the central angle between two points on . . O SUE I20EIS0W a20W 60w 0 tonaitude  An oscillation in the zonally averaged background flow is seen,
the sphere Right: Cross section of the zonal U, NDJFM 850 hPa Composite MJO Phase 2 n=1592 ] ] , ,
P : A - S - U, cross-sec, MJO Phase 2 n=1588 associated with the zonally averaged extratropical height
components of U, (top) and U, ooy B/ N i . 100 l ' ,
. o : LS s O o=t Mo s & : anomalies.
o (bottom) with local (10°S-10N) height 25N 1, I a e E £ 200 S
, Pj . or e o RS~ I e M 5 = 0
L anomalies (black-positive, grey- 0 Thyeey ==CIN EC :zz 3
b 9 Oa . K : L ) o . . . .
A A, 0 negative). i Ay R g Ry 0.5 § 700 g » The phase locking and sign of the background winds with
I 50°s rr/fgg\\as\\\{@ 8= <€5%/\\\er SO * 1898 ! .
Ko IR st MR L. o) 1 100 200 respect to the local convective envelope of the MJO suggest
® ©’ 0° 60°E 120°E  180°%W 120°%  60°W 0° J . . .
B WEER 850 T Siin w0 e i o tongituge that they might have some importance in determining the
) = ‘J, =SS ' -— . 1 G ! .
A-h o a Lot Back o e soen 125 é&% SOk é structure and propagation of the MJO.
. . Ig 4.: Lett: Background flow for IR ) s ARG O NN\ =2 0.5 5
Fig. 1: Spherical - ’} z .. A STA ‘ 5 5
: -4, IRl? % ey )yt : ; - : :
coordinate system for phases 1 4. IC:'Tt(;‘urs deno:.e red ?\iff.;. sl }\’%'; N 3 » Future work includes further studies of how some aspects of
. .p geopotential height anomalies (red- 1A oy IS T - e S ISECTRRE W 05 R = :
wind partition. = _ . o Lo\ Tl=") | | the background flow can potentially modulate the streghth and
positive, green-negative). Shading B0 Sl e N R e e . Longituge { the MIO. and its initiat
We can do similarly for divergence elements to denotes zonal wind component. 0° 60°E  120°E  180°W  120°W  60°W structure of the J ,and Its initiation.
reconstruct the irrotational wind field. o DT 850 hPa Composite WO Fhase & nmem2 Uy cross-sec, NJO Phase 4 n=1572
Right: Same as Fig. 3 but the o Nl B | 3 ACknOWIEdgments
The final component (Ug4) can be obtained via ol hai - 23N L ' ' g o
cubstraction OEC)U o 6 com the fotal wind geopotential height anomalies are o TAagl A s | o o o We acknowledge NASA OVWST grant support under NASA grant
o_ o o @it ) - . - A ¢ i ] 0 P
St W fzp . X ] averaged from 35°-45° N and S. 25% ‘& T T w 058 B | NNXTO0AO87G. Angel F. Adames acknowledges support by the
ield. Ve will reter to this component as the so%s D TECANAMCHFERS =T Longi#o%e National Science Foundation Graduate Research Fellowship under
back f e e ok 4 1 P
acC ground OW. 0 60E 120°E 180W 120 W 60" W Grant NO. DGE_O7’I 8’] 24




