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The 30-40 Day Oscillations Simulated in an "Aqua Planet" Model 

            By Yoshi-Yuki Hayashi and Akimasa Sumi 

          Geophysical Institute, University of Tokyo, Tokyo 113, Japan 
       (Manuscript received 7 February 1986, in revised form 31 May 1986)

                              Abstract 

    Numerical experiments using a general circulation model (GCM) were performed for the purpose 
of investigating the possibility of the generation of a long period (30-40 days) oscillation as a collective 
motion of cumulus activity (so-called wave-CISK) along the equator of an ocean covered globe ("aqua 
planet"). In our model, the SST distribution was symmetric about the equator and uniform in the 
longitudinal direction. 

    The results of a 90 day integration exhibited the spontaneous appearance of a collective motion 
of convective activity together with an east-west wavenumber one circulation (the "30 day oscil-
lation"). The characteristics of this east-west circulation resemble those of the observed 30-60 day 
oscillation in the actual atmosphere. The 30 day oscillation is characterized by a superposition of two 
different scales: the scale of precipitation patterns ("super clusters") which is nearly equal to the 
equatorial radius of deformation, and the scale observed as the modulation of precipitation patterns 
and the east-west circulation with a wavenumber one. The whole structure moves eastward at a slow 
phase speed (15m/s). 

    The results also exhibited the spontaneous formation of double ITCZs around the equator. 
Thus the production of the double ITCZ structure does not necessarily require a minimum SST at 
the equator. In the equatorial region between the north and south ITCZs, active convection forms 
super clusters, while in the regions poleward of the ITCZs, active convection forms tropical cyclones. 

    Another experiment without the moist processes resulted in the abrupt disintegration of the 
30 day oscillation into Kelvin and Rossby waves. This indicates that strong mode coupling between 
the equatorial free waves is required in order to maintain the 30 day oscillation. The slow phase 
speed, the strong mode coupling and the double structure in scale indicate that the collective motion 
of convective activity along the equator cannot be explained simply as a Kelvin wave mode of the 
linear equatorial wave-CISK theory presented so far. The 30 day oscillation should be regarded as a 
new type solution of the equatorial wave-CISK problem.

1. Introduction 
  In recent years, the large scale variability 

known as the 30-60 day oscillation has been 
recognized as a dominant component of the 
intraseasonal variability of the equatorial circula-
tion (e.g., Madden and Julian, 1972; Yasunari, 
1981; T. Murakami et al., 1984; Quah, 1984; 
M. Murakami, 1985). It has been demonstrated 
that the 30-60 day oscillation plays an impor-
tant role even in the interannual variability of 
the equatorial region. For instance, the appear-
ance of anomalous convection in the central 
Pacific and drought over the maritime continent 
- Australia region during the ENSO (E1-Nino

Southern Oscillation) events is recognized as 
a shift in the distribution of the 30-60 day 
oscillation (see, Fig. 15 of Lau and Chan, 1985). 

  The characteristics of the 30-60 day oscil-
lation obtained from these observational studies 
may be summarized as follows: 

  (1) Zonal wavenumber one structure is 
dominant especially in the zonal component 
of the wind field (u). (e.g., Madden and Julian, 
1972; Yasunari, 1981; T. Murakami et al., 1984; 
Quah,1984). 

  (2) The zonal wind (u) has a baroclinic 
structure (opposite sign between the lower 
troposphere (850mb) and the upper troposphere
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  distribu:on	
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FIG. 9. (Continued)

necessary for development of instabilities similar of ob-
served oscillations. This process is usually referred to
as wind-induced surface heat exchange (WISHE). In-
creased surface fluxes in the region of large easterlies
are responsible for positive temperature perturbations
that cause the eastward propagation of the wave and
provide energy for growth of instability. However, the
results from the TOGA-COARE IOP (Lin and Johnson
1996) suggest that, contrary to the behavior postulated
by Emanuel (1987) or Neelin, in the warm pool region
the maximum surface fluxes associated with the pres-
ence of strong winds tend to develop underneath and
toward the west of the convective system, since equa-
torial westerlies (‘‘westerly bursts’’) are usually stronger
than easterlies (Gill 1980). In addition, the assumption
of mean easterly flow used by Emanuel and Neelin is
not always true, especially during the El Niño years.
In our hypothesis (Fig. 9c) the surface forcing nec-

essary for enhancement of the Kelvin wave is provided
by the SST distribution generated by the supercluster
itself. As we have shown in the previous section, in a
narrow band of strong westerlies underneath the cluster,
SST drops not only due to evaporation but also because
of oceanic vertical mixing and cloud shielding effects.
However, east of the convective source, in the region
of the weak easterly winds, the conditions exist for in-
crease in SST (Serra et al. 1997; Nakazawa 1995). This
configuration favors the increase of the surface moist

entropy east of the system and development of convec-
tion in the convergent region of the Kelvin wave.
Both our theory and WISHE emphasize the impor-

tance of surface fluxes in maintaining the convection.
However, if the ocean is treated as an infinite energy
source, the increased wind speed is necessary for raising
the surface moist static energy east of a convective com-
plex. If the ocean is allowed to respond to convection,
the surface forcing related to SST changes can provide
surface moist static energy anomalies, necessary for
growth and propagation of eastward propagating per-
turbations. When the modification of SST by convective
systems is allowed, the regions of weak surface winds—
rather than strong winds—become the preferred sites
for future convective development.

b. Model results

We examine the influence of local, convectively gen-
erated SST changes on the development of equatorial
convection in a general circulation model with wind-
dependent equatorial SST. The numerical model we use
here is a modified version of the Lau et al. (1989) R15
spectral model. Instead of a Kuo-like convective param-
eterization, which explicitly ties the convection to the
low-level convergence, and therefore favors the wave-
CISK mechanism, the Emanuel (1991) scheme, based
on CAPE, is used. All the experiments described in this
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Fig. 15. Correlations of the pentad averaged reanalysis IO index
with 20—100 day bandpass filtered sea surface temperature, and
surface skin temperature over land from the ECMWF reanalysis at
various time lags. Correlations significant at 595% confidence
level are plotted as gridpoint data. Negative correlations (shaded

yellow-red) correspond to warm SST anomalies, positive correla-
tions (shaded light blue-dark blue) correspond to cold SST anomalies
during the active phase of the IO. Isolines of the correlations of the
IO index with unfiltered OLR are also shown (as in Fig. 6). Positive
(negative) correlations indicate enhanced (suppressed) convection
are plotted as blue (red) isolines. Correlations significant at 595%
are contoured ( DrD50.3; at an increment of D0.1 D )

the west of the convection. These results are in agreement
with the in situ observations over the IFA during the
TOGA-COARE IOP (Lau and Sui 1997), and indicate
that these interactions are operative over the oceans of the
Eastern Hemisphere during the active phase of the IO.
For the case study periods analyzed, the models do not
simulate in a robust manner the enhancement and east-
ward propagation of enhanced evaporation to the west to
the convection. Thus, the physical mechanism by which
the convection is maintained in the reanalysis is not well

Fig. 15. (Continued)

reproduced by these models. Since the reanalysis indicates
that WISHE and frictional wave-CISK are not the domi-
nant mechanisms by which the eastward propagation and
time scale of the IO are established, other mechanisms of
IO variability must be investigated. Recent evidence has
indicated that convection in the tropics should not be
considered in isolation from the extratropics (e.g., Hsu
et al. 1990; Hsu 1996; Meehl et al. 1996; Slingo 1997).
Unfortunately, the analysis of tropical-extratropical inter-
actions is beyond the scope of this paper. Rather, given the
importance of the latent heat flux indicated by Fig. 14, we
choose to further investigate air-sea interactions in the
tropics which may be associated with eastward propaga-
tion of the IO.

6 The intraseasonal oscillation: a coupled mode?

The overall poor simulation of intraseasonal oscillations
in the AMIP simulations is disturbing and perhaps sug-
gestive that a fundamental process is lacking in AGCMs
(Slingo et al. 1995, 1996). One such process may be the
response of the SST to changes in the surface winds and
fluxes associated with the IO. Krishnamurti et al. (1988)
showed that anomalous fluxes associated with the IO may
a§ect the SSTs in the West Pacific, and recent results from
TOGA-COARE indicate that the SST is modulated co-
herently by the IO (e.g., Gutzler et al. 1994; Chen et al.

790 Sperber et al.: On the maintenance and initiation of the intraseasonal oscillation

Fig. 15. Correlations of the pentad averaged reanalysis IO index
with 20—100 day bandpass filtered sea surface temperature, and
surface skin temperature over land from the ECMWF reanalysis at
various time lags. Correlations significant at 595% confidence
level are plotted as gridpoint data. Negative correlations (shaded

yellow-red) correspond to warm SST anomalies, positive correla-
tions (shaded light blue-dark blue) correspond to cold SST anomalies
during the active phase of the IO. Isolines of the correlations of the
IO index with unfiltered OLR are also shown (as in Fig. 6). Positive
(negative) correlations indicate enhanced (suppressed) convection
are plotted as blue (red) isolines. Correlations significant at 595%
are contoured ( DrD50.3; at an increment of D0.1 D )

the west of the convection. These results are in agreement
with the in situ observations over the IFA during the
TOGA-COARE IOP (Lau and Sui 1997), and indicate
that these interactions are operative over the oceans of the
Eastern Hemisphere during the active phase of the IO.
For the case study periods analyzed, the models do not
simulate in a robust manner the enhancement and east-
ward propagation of enhanced evaporation to the west to
the convection. Thus, the physical mechanism by which
the convection is maintained in the reanalysis is not well

Fig. 15. (Continued)

reproduced by these models. Since the reanalysis indicates
that WISHE and frictional wave-CISK are not the domi-
nant mechanisms by which the eastward propagation and
time scale of the IO are established, other mechanisms of
IO variability must be investigated. Recent evidence has
indicated that convection in the tropics should not be
considered in isolation from the extratropics (e.g., Hsu
et al. 1990; Hsu 1996; Meehl et al. 1996; Slingo 1997).
Unfortunately, the analysis of tropical-extratropical inter-
actions is beyond the scope of this paper. Rather, given the
importance of the latent heat flux indicated by Fig. 14, we
choose to further investigate air-sea interactions in the
tropics which may be associated with eastward propaga-
tion of the IO.

6 The intraseasonal oscillation: a coupled mode?

The overall poor simulation of intraseasonal oscillations
in the AMIP simulations is disturbing and perhaps sug-
gestive that a fundamental process is lacking in AGCMs
(Slingo et al. 1995, 1996). One such process may be the
response of the SST to changes in the surface winds and
fluxes associated with the IO. Krishnamurti et al. (1988)
showed that anomalous fluxes associated with the IO may
a§ect the SSTs in the West Pacific, and recent results from
TOGA-COARE indicate that the SST is modulated co-
herently by the IO (e.g., Gutzler et al. 1994; Chen et al.

790 Sperber et al.: On the maintenance and initiation of the intraseasonal oscillation

warm	
  SST	
  
suppressed	
  convec:on	
  

cold	
  SST	
  
enhanced	
  convec:on	
  



MJO-­‐SST	
  Rela:onship	
  during	
  Dynamo	
  

CMMAP	
  Science	
  Team	
  Mee:ng	
  7-­‐9	
  
January,	
  2014	
  	
  Newport	
  Beach,	
  California	
   11	
  

Introduc)on	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
The	
  Role	
  of	
  the	
  SST	
  
in	
  the	
  MJO	
  
forma:on	
  
	
  
	
  
	
  
Modeling	
  Results	
  
	
  
	
  
	
  
	
  
SST	
  variability	
  
sensi:vity	
  
experiments	
  
	
  
	
  
	
  
	
  
	
  
Conclusions	
  

TMI	
  	
  

Fig.	
  19.	
  Time-­‐longitude	
  diagrams	
  of	
  subseasonal	
  varia:ons	
  of	
  (leQ)	
  SST	
  (0C),	
  (right)	
  OLR	
  	
  
(Wm-­‐2).	
  All	
  variables	
  are	
  averaged	
  between	
  80S	
  and	
  the	
  equator,	
  which	
  where	
  the	
  	
  
DYNAMO	
  la:tudes.	
  The	
  ver:cal	
  thick	
  lines	
  show	
  the	
  longitudinal	
  loca:on	
  of	
  the	
  	
  
DYNAMO	
  observing	
  system	
  and	
  Manus.	
  Diagonal	
  lines	
  indicate	
  propaga:ng	
  features.	
  	
  
Horizontal	
  dashed	
  lines	
  allow	
  for	
  easier	
  comparison	
  of	
  the	
  :ming	
  of	
  SST	
  and	
  OLR	
  	
  
subseasonal	
  varia:ons.	
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FIG. 3. Time–longitude diagrams of the equatorial (48N–48S) 20–100-day bandpassed 200-mb velocity potential for a selected 3-yr period
of the CTL (left) and CPL (right) simulations. The 28 3 106 m2s21 contour is filled. The contour interval is 4 3 106 m2 s21. The vertical
line denotes the 1508E longitude line.

sociated with these stronger events is mostly located in
the Eastern Hemisphere with about one ‘‘event’’ per
year showing up over South America. The overall char-
acter of the time–longitude plot for the CPL simulation
is very similar to that for the CTL simulation. However,
there appears to be slightly greater variability associated
with the strong events, particularly in the first and last
years shown, and there also appears to be more events
that remain stronger and more coherent over a longer
distance. For example, there are eight events that remain
coherent over 608 in longitude with an anomaly strength
of 28 3 106 m2 s21 in the CTL simulation and 12 in
the CPL simulation. Further, there is a more obvious
seasonality in the CPL simulation, with the MJO events
being more strongly confined to the northern winter
months.
In an effort to characterize the differences in the MJO

simulation in more detail we have produced composite
MJO events from each experiment using the 20–100-

day bandpassed data. Figure 4 shows time–longitude
diagrams of the 200-mb VP and zonal wind for these
composite events. As with Fig. 3, the composites are
based on daily mean data averaged in latitude between
48N and 48S. In each case and for each variable dis-
cussed, the composite includes only events that had a
200-mb VP anomaly falling below 210 3 106 m2 s21

at a longitude of 1508E (indicated by the vertical line;
see also Fig. 3). This longitude was chosen due to its
close proximity to the TOGA COARE region, which
encountered a number of MJO events during the Inten-
sive Observation Period (IOP) that have since been, and
will continue to be, analyzed in great detail (e.g., Nak-
azawa 1995; Weller and Anderson 1996; Waliser et al.
1996; Lin and Johnson 1996; Lau and Sui 1997). Read-
ily apparent is the increased overall strength of the os-
cillation in both fields of the CPL experiment versus the
CTL experiment, particularly in the VP field. This in-
crease in MJO strength is also reflected in the number
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The	
  SST	
  variability	
  on	
  the	
  5-­‐day	
  :mescale:	
  
•  enhances	
  the	
  intraseasonal	
  variability	
  of	
  the	
  tropical	
  atmosphere	
  
•  controls	
  the	
  coupling	
  between	
  the	
  dynamics	
  and	
  convec:on	
  associated	
  

with	
  the	
  MJO	
  
•  	
  plays	
  a	
  significant	
  role	
  in	
  the	
  organiza:on	
  of	
  the	
  eastward	
  propaga:ng	
  

convec:on	
  
	
  
Possible	
  mechanisms	
  through	
  which	
  the	
  5-­‐day	
  variability	
  in	
  the	
  SST	
  exerts	
  an	
  
influence	
  on	
  the	
  organiza:on	
  of	
  convec:on	
  on	
  the	
  MJO	
  spa:o-­‐temporal	
  scales:	
  
•  moisture	
  transport	
  	
  
•  the	
  wind	
  shear	
  of	
  the	
  lower	
  troposphere.	
  
	
  


