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» Composite rainfall maps
derived from merged satellite
and in-situ measurements
are separated by 10 days.
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* Rainfall anomalies
propagate in a eastward
fashion and mainly affect the
Tropical eastern hemisphere.
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Summer MJO Rain Forcing (mmdoy'1 )20 days
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» Composite rainfall maps
derived from merged satellite
and in-situ measurements
are separated by 10 days.

* Rainfall anomalies
propagate in a northeast
fashion and mainly affect the
Tropical eastern hemisphere.

» These anomalies are
accompanled by anomalles

NERE=SN
Wﬁ




OLR SPECTRA
- WINTER VS. f
- SUMMER
IN'SUMMERHHE
POWER IS MERE
CEONCENGRANED]
e e oo e roe < ANDIIf @CCURS A \

A HIGHER ERE@UIENEY
- TEANND U RIN @GNSR




VWAVENUMBER
- EREQUENEY
- DIAGRAMS J

ROUGHILY

Equatorial Sp T quoterial Space—Time Spectra

. UB50 (FRA40), Movember \ -' 440), Movember—April without annual cycle



Latitude

Latitude

Latitude

lag= 1% days

o -

hhhhh

L
/
Equatorial
UT Easterlies
mb "i!d& & Diqergence

L%
B R TRt e - -~
i . o

1 ;’ -
1 Enhanced == - ..
. i T
3 Equatorial B
b Convection = -
- - - - " :_‘-""W‘-—-______
{ s =

el

Equatorial

UT westerlies
(Kelvin wave
response)

108@mb Winds & Divergence

lag= 15 days

45K

Eq

453

455

45N

Eg

4R5

Longitude Hendon and Salby [1994]

Subtropical UT cyclones lead
EQ enhanced convection
(Rossby wave response)

Subtropical UT anticyclones lag
EQ enhanced convection
(Rossby wave response)



EOUPEEDNVSIENCOUPLED MODELING STUDIES

THEORY = Nodulation O
Lau and Shen, 1988 ' '
Hirst and Lau, 1990 l
Wang and Xie, 1998 \lyy T SurfaceFluxes
Sobel and Gildor, 2003 A ¥ i

Flatau, Flatau, Phoebus and Niiler1997 w

Waliser, Lau, and Kim, 1999
Kemball-Cook, Wang and Fu, 2002\
Hendon, 2000

Fu, Wang, Li and McCreary, 2003
Inness and Slingo, 2003

Fu and Wang, 2004 /
Zheng, Waliser, Stern and Jones, 2004

Maloney and Sobel, 2004 . Near-Surface Ocean

MODEL

— Surface Flux

vy

N

Influence On

GENERALLY-IMPORTANT TO
COHERENCE, PHASE SPEED,
AND-OR STRENGTH

44— Feedback On

“COURLED" OR Nom?




IMIPACT OF SST COUPLING ON MJO/I1SO

Phase Difference

—

5-10 Days | —— Specified (CGCM) SST -> AGCM
5-20°Lon MJO/ISO feels impact from SST - tends to

move over warmest water.
One-way interaction.
Two-Tier Prediction Inadequate.

Coupled GCM
SST anomaly a product of MJO/ISO. As
convection moves towards warm SST
anomaly, it cools it and moves the warm
anomaly eastward.
Two-way interaction.
Matches Observations.

Fu AND WANG, 2004; ZHENG ET AL. 2004
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To the extent this is real, it may have ties to Indian
Ocean warming: Slingo et al. 1999, Zveryaev 2002.
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Figure 1.3. Time series ol precipitable water from the surface to 700 hPa over the Arabian Sea

(thin line) from TIROS-N, and the precipitation along the west coast ol India dunng

MONEX.
Adapted from Cadet (1986).
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Summer MJO Rain Forcing (mmday™

—20 days

LATITUDE
- — N
cocoo oo

[
Ll N3
o o

A S

R

Ny
s

A
=
=

120E 150E 180

1200 90W
—10 days

o — N
coooc o
L 1 L L

LATITUDE

|
(%)
(=]
I

~

[]] | ONGH

[
uo

1206 150E 180

1200 9OW
0O day

P11 ONGe

120E 150E 180

120W  90W
10 days

-\%}‘J

[]] | ONGes

120E  150E 180

1200 90W
20 days

N3

1206 150E 180
ON D)

1200 90W

MJ@® S¢© CEAN
CHLOR®PHYLL.:
NH SUMMER

« “Chl Ratio " is the value
relative to the seasonal
mean, thus 1.20 means a
20% increase over the
typical seasonal value.

L arge-Scale systematic
changes in Chlorophyill (Chl)
are observed over most of
the Tropical Indian and
Pacific Oceans.

“Sensitive Re



LOCAL SYNOPTIC
ORGANIZATION
By ISO

GOSWAMI ET AL. 2003




MJO | -

ENSO - | -

1996/97
Event

SEPRTNBZOUPSEEEERABEOO RN

Five—
PBandpassed IRainfall
JUL— 96

I I n e [

JAPT 8

Day Zonal Wind 295 ta 29N

Fonal Wind Ancomalies {m s 13

& R

OCT—9Y
dard - 9n

AT 828

Fi— AR = | | | | === ==

Lul S0E SOR 20E

Ty e A N Ty Ty o S S o S

M dawy
L aw=  seeiy aryasceraate Fisisgmaac cand SST

Dynamic Height Ancmalies (0500 db.dyn. <m)}

160w 140w 120°W 100°9W

-

1=z08 07K 180K 180° 160 1-40°% 1207w

=272 tao 2N Average

S5T Anomalies {°C)
IU -_—

=

10w

150°%W 1-40°% 1=20°%W

10w

tprEMLHZONbF LR PR AR O G

LEbERLUNZONPLLUE RN SEZONE b

1996

1597

1898




REMOTE
ORGANIZATION
- OF [ROPICAL

-~ CYCLONES

s
et
v

e
= Pacar

The green (brown) shading roughly corresponds to regions
where convection is favored (suppressed) as represented by
200-hPa velocity potential anomalies Composites are based on
21 events over a 35 day period. Hurricane track data is for the
period JAS 1979-1997. Points of origin in each panel are for
different storms. Contour interval is 0.5x106 m2 s-1, negative
contours are dashed, and the zero contour is omitted for
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WHAT ARE THE CRUCIAL ELEMENTS OF THE LARGE-SCALE ENVIRONME
THAT INFLUENCE THE DEVELOPMENT, ORGANIZATION AND MAINTENANC
OF THE MJO? WHAT STARTS AND MJO EVENT? |S THERE A MID-LATITUDE
INFLUENCE? DOES ONE EVENT PRECIPITATE THE NEXT? ISSUES OF WHAT
DETERMINES THE TIME/ SPACE SCALE SELECTION AND PROPAGATION
SPEED ARE STILL NOT AGREED UPON.

WHAT ARE THE CHARACTERISTICS AND RELATIVE ROLES OF PROCESSES
OCCURRING: I) WITHIN THE LARGE-SCALE CIRCULATION; II) ON THE
MESOSCALE, AND III) INTERNALLY ON THE STORM SCALE THAT INFLUENCE
THE DEVELOPMENT, ORGANIZATION, AND MAINTENANCE OF THE MJO?

UNDER WHAT CIRCUMSTANCES AND VIA WHAT MECHANISMS IS WATER
VAPOR, ENERGY, AND MOMENTUM TRANSFERRED ACROSS SCALES
RANGING FROM THE MESOSCALE TO THE LARGE (OR PLANETARY) SCALE?
DO THESE TRANSLATE UP OR DOWN SCALE?

WHAT ROLE DOES OCEAN COUPLING PLAY? LAND-ATMOSPHERE, -
INTERACTIONS APPEAR TO DAMPEN THE MJO - WHY? -




DO SYSTEMATIC RELATIONSHIPS EXIST BETWEEN THE MJO
SCALE CHARACTERISTICS (E.G., PROPAGATION SPEED, GROWTH
AND ITS FINE-SCALE/MULTISCALE CONVECTIVE STRUCTURE
WESTWARD VERSUS EASTWARD-MOVING FINE-SCALE COMPONEN
SHALLOW VERSUS DEEP CONVECTIVE ELEMENTS), AND TO WHAT EXTEN
DO MODELS CAPTURE THESE RELATIONSHIPS? ARE THESE
RELATIONSHIPS INDICATIVE OF AN UPSCALE CASCADE, OR DOWNSCALE
CONDITIONING?

DOES THE CONVECTION PROVIDE AN IMPORTANT FEEDBACK TO A CCEW
OR IS IT JUST A BY PRODUCT OF THE ADJUSTMENT? ARE THESE REALLY
“COUPLED”?

DOES THE CHARACTERIZATION AND CONNECTIONS BETWEEN THE
CIRCLATION, DIABATIC HEATING (E.G. LATENT, RADIATIVE) AND BOUNDARY
LAYER PROCESSES DIFFER IN THE CONTEXT OF THE MJO AND CCEW,
AND DO NUMERICAL WEATHER AND CLIMATE MODELS PROPERLY
REPRESENT THESE CONNECTIONS?




WHAT IS THE PREDICTABILITY OF THE MJO?

WHAT IS THE CURRENT LEVEL OF PREDICTION SKILL ATTAINED F
MJO BY OPERATIONAL NUMERICAL PREDICTION MODELS?

DOES THIS SKILL TRANSLATE TO EXTENDED-RANGE (I.E., 1-3 WEE
PREDICTABILITY OF TROPICAL RAINFALL?

HOw MIGHT IT TRANSLATE INTO PREDICTABILITY FOR RELATED
PROCESSES, SUCH AS MID-LATITUDE WEATHER, TROPICAL CYCLONE
GENESIS, MONSOON ONSET AND BREAKS, OCEAN BIO-CHEM,
ATMOSPHERIC COMPOSITION (E.G. AEROSOLS, OZONE).

DO RESEARCH OR OPERATIONAL MODELS (.LE. GCMS) SUCCESSFULLY
SIMLATE AND PREDICT THE HIGHER-FREQUENCY CONVECTIVELY-COUPLED
EQUATORIAL WAVES?




VWHAT FACTORS INFLUENCE INTERANNUAL AND LONGER-TERM MJ
VARIABILITY (E.G,. ENSO, PDO, CLIMATE CHANGE)? HOW MUCH IS JUS
STOCHASTIC?

HOW DOES INTERANNUAL MJO VARIABILITY INFLUENCE SEASONAL.
MONSOON RAINFALL? [S ANY PART OF THIS PREDICTABLE?

DOES THE MJO INFLUENCE ENSO OR OTHER LONG-TERM OCEAN
VARIABILITY?

ARE MJO EFFECTS ON OTHER WEATHER/ CLIMATE PROCESSES NEUTRAL
ON LONGER TIME SCALES OR DO THEY RECTIFY AND PRODUCE A NET
IMPACT?




ARE THERE ANY FUNDAMENTAL DIFFERENCES BETWEEN BOREAL S
AND BOREAL WINTER MJO THAT ARE IMPORTANT TO THEIR IMPACT
MONSOON VARIABILITY? ARE THE MULTISCALE STRUCTURES DIFFERE
AND HOW MIGHT THIS EFFECT THE HIGH-FREQUENCY VARIABILITY OF TH
MONSOONS? DO THESE SEASONAL DIFFERENCES OR MULTI-SCALE /
CHARACTERISTIC WAVE DIFFERENCES IMPACT THE PREDICTABILITY?

MJO AND ATMOSPHERIC COMPOSITION - VERY NEW AREA - MANY MANY
QUESTIONS.

WHAT OCEANIC AND OCEAN-ATMOSPHERE PROCESSES COMBINED TO
PRODUCE THE VARIABILITY OBSERVED IN OCEAN CHL? DOES THIS
TRANSLATE INTO AN IMPACT ON FISHERIES?

INTERACTIONS BETWEEN THE MJO & CCEWS AND MIDLATITUDE
FLOW/WEATHER ARE STILL BEING DISCOVERED AND DISENTANGLED....
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