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1. Introduction and B
ackground

The M
adden-Julian oscillation (M

JO
) produces variations in low

-level w
inds over the 

east P
acific w

arm
 pool that force variability in sum

m
ertim

e precipitation, and an 
associated m

odulation of tropical cyclones. R
ecent studies have show

n that these 
sum

m
ertim

e M
JO

-related variations m
ay be predictable up to 2-3 w

eeks in advance 
(e.g. W

aliseret al. 1999).  A
s show

n below
, one such event occurred during the 

E
P

IC
2001 experim

ent, expressed in term
s of 200 hPa

velocity potential. 

A
 m

ore generalized lag-correlation analysis of N
C

E
P

 reanalysis 30-90 day bandpass
filtered zonal w

ind (7.5
oN

-12.5
oN

 averaged) show
s significant eastw

ard propagation of 
M

JO
 w

ind anom
alies into the tropical eastern north Pacific during sum

m
ertim

e. 
S

pectral analysis indicates that a strong intraseasonal peak (~50 days) in the east 
P

acific w
arm

 pool occurs then (see below
). The intraseasonal spectral peak in this 

region in precipitation and w
inds is as dom

inant as anyw
here in the Tropics. 

W
ind speed over the w

arm
 pool is 

enhanced during periods of M
JO

 w
esterly 

anom
alies and enhanced precipitation, w

ith 
suppression of w

ind speed during M
JO

 
easterly periods (see above). 

W
ind speed anom

alies associated w
ith the 

M
JO

 appear to be caused both by 
intraseasonal vector w

ind anom
alies added 

to the clim
atologicalsouthw

esterly flow
, 

and by variations in eddy activity, including 
easterly w

aves and tropical cyclones.

For exam
ple, the suppression of w

ind speed 
during M

JO
 easterly periods appears to be 

about equally due to easterly anom
alies added 

to the clim
atologicalsouthw

esterly flow
 and 

suppression of eddy variance (see left).  

3. A
nalysis of Intraseasonal SST

Intraseasonal S
S

T variance during sum
m

ertim
e m

axim
izes over the 

east P
acific w

arm
 pool (see right), w

ith another m
axim

um
 in a band 

just to the north of the equator. The intraseasonal band (30-100 days) 
explains about 30%

 of the total S
S

T variance (including interannual) 
over the east P

acific w
arm

 pool during sum
m

ertim
e. 

A
 spectral analysis using eight years of TM

I SST data indicates a 
significant 50 day peak over the east Pacific w

arm
 pool during 

boreal sum
m

er.O
nly the clim

atologicalseasonal cycle w
as rem

oved 
before the spectra w

ere com
puted. A

s w
ill be show

n below
, the M

JO
 

explains a large fraction of the intraseasonal S
S

T variance in this 
region. 

The equatorial variance m
axim

um
 is likely associated w

ith tropical 
instability w

aves, having a dom
inant period closer to 30 days than the 

40-50 day periodicity associated w
ith the M

JO
.   

6. C
onclusions

Satellite and buoy data show
 that the M

JO
 is associated w

ith strong precipitation and 
w

ind variations over the east Pacific w
arm

 pool during June-O
ctober that are 

supported by w
ind-induced latent heat flux variability. These latent heat flux 

anom
alies are generated both by 1) vector m

ean w
inds adding constructively or 

destructively to the clim
atologicalw

ind field, and by 2) M
JO

-induced variations in 
easterly w

ave and tropical cyclone activity.  

A
 significant 50-day intraseasonal spectral peak in SST occurs in the east Pacific 

w
arm

 pool during sum
m

ertim
e, gnerated

in large extent by the M
JO

. SSTs vary by up 
to 1

oC
 over the east Pacific w

arm
 pool during an M

JO
 lifecycle. SST anom

alies 
precede M

JO
 precipitation anom

alies by 5-10 days. 

A
 full reference list can be found in M

aloney and Esbensen (2006), in press in M
onthly 

W
eather R

eview
.
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2. A
nalysis of the June-O

ctober M
JO

W
e conduct an analysis of the M

JO
 in the east P

acific w
arm

 pool during June-O
ctober of 

1998-2005 using satellite and buoy data. E
nhanced TAO

 array m
easurem

ents associated 
for E

P
IC

2001 w
ere available from

 2000-2004.

Surface M
JO

 w
esterly (easterly) anom

alies are associated w
ith an

enhancem
ent 

(suppression) of convection over the w
arm

 pool, and a suppression (enhancem
ent) 

of convection to the east of 110
oW

 (see below
 left).W

ind jets appear to be active 
during periods of M

JO
 easterly anom

alies (not show
n).
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The M
JO

-related variations in w
ind speed contribute to 

variations in latent heat flux during M
JO

 events. In fact, 
latent heat flux anom

alies are prim
arily w

ind-driven over 
this region.

A
n analysis from

 TA
O

 buoys and TR
M

M
 indicates a 

significant coupling betw
een latent heat flux and 

precipitation over the east Pacific w
arm

 pool (see left), 
suggesting that w

ind-evaporation feedback m
ay help 

support M
JO

 convection over the east Pacific w
arm

 
pool during sum

m
ertim

e. 

R
ecent m

odeling w
ork also suggests that w

ind-evaporation 
feedback supports M

JO
 convection in this region (M

aloney 
and E

sbensen 2005), and is consistent w
ith the m

ore 
generalized view

 that w
ind-evaporation feedback supports 

M
JO

 convection across the Tropics in regions of m
ean low

-
level w

esterly flow
 (e.g. M

aloney and S
obel2004).

SSTs in the 30-90 day band are coherent across the east Pacific w
arm

 pool 
during sum

m
ertim

e.U
sing a reference S

S
T tim

e series w
as at 9

oN
, 92

oW
, 

coherence squared is significant and exceeds 0.4 across m
uch of the w

arm
 pool. 

W
hile phase vectors broadly indicate an in-phase relationship for intraseasonal 

S
S

Ts w
ithin the w

arm
 pool, S

S
Ts north of 14

oN
 tend to lag those to the south by 

about 1/8 of a cycle (~5 days). Interestingly, no coherence occurs betw
een w

arm
 

pool and equatorial S
S

T in the intraseasonal band, contradicting
the results of 

M
aloney and K

iehl (2002) w
ho used R

eynolds S
S

T data.

C
oherence squared betw

een SST and precipitation is also significant (0.3-
0.4) in the intraseasonal band across the east Pacific w

arm
 pool, w

ith 
precipitation lagging S

S
T by a 1/4 phase (~10 days) w

hen they are colocated
spatially, although at increasing lags tow

ard the north.  

95%

Intraseasonal SST variations in the east Pacific w
ill be related

to the M
JO

 
using the tropical equatorial M

JO
 index of M

aloney and K
iehl (2002).The 

leading E
O

Fs
of the 30-90 day equatorial averaged 850 hP

a
zonal w

ind 
represent a quadrature

pair that defines the eastw
ard propagating M

JO
 (see 

right). A
lthough peak variance for these E

O
Fs

occurs in the E
astern 

H
em

isphere, substantial zonal w
ind variance also is captured in the east P

acific. 
The principal com

ponents of the leading E
O

Fs
are linearly com

bined to form
 an 

M
JO

 index, as described in M
aloney and K

iehl (2002).  

A
 lag correlation betw

een the M
JO

 index (m
ultiplied by -1) and intraseasonal SST 

indicates that the M
JO

 index explains about 40%
 of the intraseasonal SST variance in 

the east Pacific w
arm

 pool during June-O
ctober (see below

). Thus, the M
JO

 is an 
im

portant factor in controlling east P
acific w

arm
 pool S

S
T during sum

m
ertim

e.S
S

T leads 
the M

JO
 index, the im

plications of w
hich w

ill becom
e apparent below

.

Significant M
JO

 events are defined as m
axim

a of the index exceeding 1σ, and a 
com

posite M
JO

 event is created (as a function of lag in days) by
averaging  these 

significant events.  Suppressed (enhanced) convection typically precedes positive 
(negative) SST anom

alies by 5-10 days over the w
arm

 pool (see below
). Peak to 

peak variations in SST can be as high as 1
oC

 over an M
JO

 lifecycle. A
n asym

m
etry in 

the response is apparent, w
ith w

arm
 S

S
T anom

alies that precede enhanced convection 
being stronger and m

ore w
idespread than the corresponding cold anom

alies after 
convection. This asym

m
etry is sim

ilar if events are defined using m
inim

a of the M
JO

 
index.Precipitation anom

alies w
est of 110

oW
 are not associated w

ith strong S
S

T 
variations.M

aloney and K
iehl (2002) used an atm

ospheric G
C

M
 coupled to a slab ocean 

to show
 that intraseasonal S

S
T anom

alies of even lesser m
agnitude than show

n below
 

are likely im
portant for producing realistic M

JO
 convective variability .
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