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Zhang-McFarlane plus R. Neale’s implementation of the 
Raymond & Blythe stochastic mixing scheme.

CCSM4

Tiedke + Nordeng

ECHAM

Maloney’s modified version of CAM using 
Relaxed  Arakawa Schubert + Tiedke
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Super-Parameterized Community Atmosphere Model

SPCAM

In two of these models, aspects of the MJO may be 
consistent with a “moisture mode” paradigm.
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What is a moisture mode?

Convective heating exciting 
circulations that conspire to 

produce co-incident low level 
convergence (hence convection 

assuming fixed moisture)

One way to think of how intraseasonal convection 
couples to large-scale circulations to produce an MJO.
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< MSE > (x,y,t)   =      why?
d
dt

( column MSE budget 
tendency variables )

Column MSE budget is key:
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• Comparing MJO-related variations in the column moist 
static energy budget.

tropical atmosphere in about 40 days. The pattern of
moistening and drying suggests that the processes that
regulate these tendencies may help foster the eastward
propagation of the model MJO, particularly given the strong
relationship between column saturation fraction and pre-
cipitation exhibited by the model (Figure 10).

Vertically-integrated intraseasonal moist static energy and
moisture budgets are presented at 141˚E and averaged from
0˚S–20˚S as a function of MJO phase. As in Neelin and Held
(1987), the vertically-integrated budget for moist static
energy (h) is given as:

S
Lh
Lt
T~{Sh+:vIT{S~vv:+hTzLHzSH

zSLWTzSSWT,
ð1Þ

where brackets represent a vertical integral from the
surface to 100 hPa, ~vv is the horizontal wind vector, the
surface latent heat flux is LH, SH is the surface sensible
heat flux, SLWT represents the vertically integrated long-
wave heating rate, and SSWT represents the vertically
integrated shortwave heating rate. Before compositing,
the terms in (1) are first bandpass filtered to 20–100 days.
In practice, intraseasonal anomalies in SSWT are small and
hence will not be displayed. Also, SH anomalies are
generally an order of magnitude smaller than LH, and will
not shown separately, but added to the LH term for
presentation purposes.

Similarly, the vertically-integrated specific humidity (q)
budget is given as:

S
Lq
Lt
T~{Sq+:vIT{S~vv:+qTzE{P, ð2Þ

where E is the surface evaporation rate, and P is the
precipitation rate.

As in M09, horizontal advection and latent heat flux are
the largest terms in the intraseasonal moist static energy
budget (Figure 13a), with anomalous horizontal advection
increasing MSE in advance of MJO precipitation, and
discharging it during and after the precipitation event.
Anomalous latent heat fluxes tend to incompletely oppose
the MSE tendency produced by horizontal advection, and to
be partly in phase with the anomaly in the moist static
energy itself. The terms in the intraseasonal MSE budget are
dominated by humidity tendencies, consistent with the
ability of the tropical atmosphere to support only weak
temperature gradients. Anomalous vertical advection is
negative during enhanced MJO precipitation in the model,
consistent with gross moist stability in the model being
positive as defined in the traditional way using vertical MSE
advection (Neelin and Held 1987). In regions of high
precipitation rates (.10 mm day21) over the region 0˚S–
20˚S, 60˚E–180˚E, the column integrated MSE export due
to vertical advection, normalized by dry static energy export
[similar to the ‘‘normalized gross moist stability’’, e.g.,

Raymond et al. (2009)1], is weakly positive at 0.04.
Radiative cooling also approaches zero at the highest pre-
cipitation rates. Hence, the sum of latent and sensible heat
fluxes can easily overwhelm export due to divergent motions
and radiative cooling in regions of heavy precipitation.1

Figure 13. a) Composite 0˚S–20˚S averaged 20–100 day band-
pass filtered vertically-integrated moist static energy budget
anomalies and L times precipitation anomalies at 141˚E as a
function of MJO phase in the QM simulation. Terms include L
times precipitation (blue, solid), latent plus sensible heat fluxes
(green, solid), horizontal advection (red, solid), longwave heating
(tan, dashed), vertical advection (blue, dashed), and moist static
energy tendency (red, dashed). b) Composite 0˚S–20˚S aver-
aged 20–100 day bandpass filtered vertically-integrated q bud-
get anomalies at 141˚E as a function of MJO phase in the QM
simulation. Terms include negative one times precipitation (blue,
solid), latent heat (green, solid), horizontal advection (red, solid),
vertical advection (blue, dashed), precipitable water tendency
(red, dashed), and vertical advection plus negative precipitation
(tan, dashed).

1 Raymond et al. (2009) normalize by moisture convergence instead of dry
static energy export.

Intraseasonal variability in an aquaplanet GCM 13

JOURNAL OF ADVANCES IN MODELING EARTH SYSTEMS

Time (or x             )
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JAMES, 2010

Example:
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generally an order of magnitude smaller than LH, and will
not shown separately, but added to the LH term for
presentation purposes.

Similarly, the vertically-integrated specific humidity (q)
budget is given as:
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T~{Sq+:vIT{S~vv:+qTzE{P, ð2Þ

where E is the surface evaporation rate, and P is the
precipitation rate.

As in M09, horizontal advection and latent heat flux are
the largest terms in the intraseasonal moist static energy
budget (Figure 13a), with anomalous horizontal advection
increasing MSE in advance of MJO precipitation, and
discharging it during and after the precipitation event.
Anomalous latent heat fluxes tend to incompletely oppose
the MSE tendency produced by horizontal advection, and to
be partly in phase with the anomaly in the moist static
energy itself. The terms in the intraseasonal MSE budget are
dominated by humidity tendencies, consistent with the
ability of the tropical atmosphere to support only weak
temperature gradients. Anomalous vertical advection is
negative during enhanced MJO precipitation in the model,
consistent with gross moist stability in the model being
positive as defined in the traditional way using vertical MSE
advection (Neelin and Held 1987). In regions of high
precipitation rates (.10 mm day21) over the region 0˚S–
20˚S, 60˚E–180˚E, the column integrated MSE export due
to vertical advection, normalized by dry static energy export
[similar to the ‘‘normalized gross moist stability’’, e.g.,

Raymond et al. (2009)1], is weakly positive at 0.04.
Radiative cooling also approaches zero at the highest pre-
cipitation rates. Hence, the sum of latent and sensible heat
fluxes can easily overwhelm export due to divergent motions
and radiative cooling in regions of heavy precipitation.1

Figure 13. a) Composite 0˚S–20˚S averaged 20–100 day band-
pass filtered vertically-integrated moist static energy budget
anomalies and L times precipitation anomalies at 141˚E as a
function of MJO phase in the QM simulation. Terms include L
times precipitation (blue, solid), latent plus sensible heat fluxes
(green, solid), horizontal advection (red, solid), longwave heating
(tan, dashed), vertical advection (blue, dashed), and moist static
energy tendency (red, dashed). b) Composite 0˚S–20˚S aver-
aged 20–100 day bandpass filtered vertically-integrated q bud-
get anomalies at 141˚E as a function of MJO phase in the QM
simulation. Terms include negative one times precipitation (blue,
solid), latent heat (green, solid), horizontal advection (red, solid),
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(red, dashed), and vertical advection plus negative precipitation
(tan, dashed).

1 Raymond et al. (2009) normalize by moisture convergence instead of dry
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Example: 
Aquaplanet SPCAM w. zonally symmetric SSTs.

(Andersen & Kuang,  J. Clim., in press.)

(x,y) structure of MJO-related column MSE

(x,y) structure of column MSE horizontal advection

vs.
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This has raised basic questions.

1. How are the intraseasonal moisture modes 
   destabilized?

2. How do the intraseasonal column moist static energy 
   anomalies travel through space?
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Some aspects of these questions have been addressed...
1. What physics cause the simulated moisture modes to destabilize?
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tropical atmosphere in about 40 days. The pattern of
moistening and drying suggests that the processes that
regulate these tendencies may help foster the eastward
propagation of the model MJO, particularly given the strong
relationship between column saturation fraction and pre-
cipitation exhibited by the model (Figure 10).
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budget is given as:

S
Lq
Lt
T~{Sq+:vIT{S~vv:+qTzE{P, ð2Þ

where E is the surface evaporation rate, and P is the
precipitation rate.

As in M09, horizontal advection and latent heat flux are
the largest terms in the intraseasonal moist static energy
budget (Figure 13a), with anomalous horizontal advection
increasing MSE in advance of MJO precipitation, and
discharging it during and after the precipitation event.
Anomalous latent heat fluxes tend to incompletely oppose
the MSE tendency produced by horizontal advection, and to
be partly in phase with the anomaly in the moist static
energy itself. The terms in the intraseasonal MSE budget are
dominated by humidity tendencies, consistent with the
ability of the tropical atmosphere to support only weak
temperature gradients. Anomalous vertical advection is
negative during enhanced MJO precipitation in the model,
consistent with gross moist stability in the model being
positive as defined in the traditional way using vertical MSE
advection (Neelin and Held 1987). In regions of high
precipitation rates (.10 mm day21) over the region 0˚S–
20˚S, 60˚E–180˚E, the column integrated MSE export due
to vertical advection, normalized by dry static energy export
[similar to the ‘‘normalized gross moist stability’’, e.g.,

Raymond et al. (2009)1], is weakly positive at 0.04.
Radiative cooling also approaches zero at the highest pre-
cipitation rates. Hence, the sum of latent and sensible heat
fluxes can easily overwhelm export due to divergent motions
and radiative cooling in regions of heavy precipitation.1

Figure 13. a) Composite 0˚S–20˚S averaged 20–100 day band-
pass filtered vertically-integrated moist static energy budget
anomalies and L times precipitation anomalies at 141˚E as a
function of MJO phase in the QM simulation. Terms include L
times precipitation (blue, solid), latent plus sensible heat fluxes
(green, solid), horizontal advection (red, solid), longwave heating
(tan, dashed), vertical advection (blue, dashed), and moist static
energy tendency (red, dashed). b) Composite 0˚S–20˚S aver-
aged 20–100 day bandpass filtered vertically-integrated q bud-
get anomalies at 141˚E as a function of MJO phase in the QM
simulation. Terms include negative one times precipitation (blue,
solid), latent heat (green, solid), horizontal advection (red, solid),
vertical advection (blue, dashed), precipitable water tendency
(red, dashed), and vertical advection plus negative precipitation
(tan, dashed).

1 Raymond et al. (2009) normalize by moisture convergence instead of dry
static energy export.
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dominated by humidity tendencies, consistent with the
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temperature gradients. Anomalous vertical advection is
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consistent with gross moist stability in the model being
positive as defined in the traditional way using vertical MSE
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Raymond et al. (2009)1], is weakly positive at 0.04.
Radiative cooling also approaches zero at the highest pre-
cipitation rates. Hence, the sum of latent and sensible heat
fluxes can easily overwhelm export due to divergent motions
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Figure 13. a) Composite 0˚S–20˚S averaged 20–100 day band-
pass filtered vertically-integrated moist static energy budget
anomalies and L times precipitation anomalies at 141˚E as a
function of MJO phase in the QM simulation. Terms include L
times precipitation (blue, solid), latent plus sensible heat fluxes
(green, solid), horizontal advection (red, solid), longwave heating
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energy tendency (red, dashed). b) Composite 0˚S–20˚S aver-
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get anomalies at 141˚E as a function of MJO phase in the QM
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(red, dashed), and vertical advection plus negative precipitation
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1 Raymond et al. (2009) normalize by moisture convergence instead of dry
static energy export.
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surface to 100 hPa, ~vv is the horizontal wind vector, the
surface latent heat flux is LH, SH is the surface sensible
heat flux, SLWT represents the vertically integrated long-
wave heating rate, and SSWT represents the vertically
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As in M09, horizontal advection and latent heat flux are
the largest terms in the intraseasonal moist static energy
budget (Figure 13a), with anomalous horizontal advection
increasing MSE in advance of MJO precipitation, and
discharging it during and after the precipitation event.
Anomalous latent heat fluxes tend to incompletely oppose
the MSE tendency produced by horizontal advection, and to
be partly in phase with the anomaly in the moist static
energy itself. The terms in the intraseasonal MSE budget are
dominated by humidity tendencies, consistent with the
ability of the tropical atmosphere to support only weak
temperature gradients. Anomalous vertical advection is
negative during enhanced MJO precipitation in the model,
consistent with gross moist stability in the model being
positive as defined in the traditional way using vertical MSE
advection (Neelin and Held 1987). In regions of high
precipitation rates (.10 mm day21) over the region 0˚S–
20˚S, 60˚E–180˚E, the column integrated MSE export due
to vertical advection, normalized by dry static energy export
[similar to the ‘‘normalized gross moist stability’’, e.g.,

Raymond et al. (2009)1], is weakly positive at 0.04.
Radiative cooling also approaches zero at the highest pre-
cipitation rates. Hence, the sum of latent and sensible heat
fluxes can easily overwhelm export due to divergent motions
and radiative cooling in regions of heavy precipitation.1

Figure 13. a) Composite 0˚S–20˚S averaged 20–100 day band-
pass filtered vertically-integrated moist static energy budget
anomalies and L times precipitation anomalies at 141˚E as a
function of MJO phase in the QM simulation. Terms include L
times precipitation (blue, solid), latent plus sensible heat fluxes
(green, solid), horizontal advection (red, solid), longwave heating
(tan, dashed), vertical advection (blue, dashed), and moist static
energy tendency (red, dashed). b) Composite 0˚S–20˚S aver-
aged 20–100 day bandpass filtered vertically-integrated q bud-
get anomalies at 141˚E as a function of MJO phase in the QM
simulation. Terms include negative one times precipitation (blue,
solid), latent heat (green, solid), horizontal advection (red, solid),
vertical advection (blue, dashed), precipitable water tendency
(red, dashed), and vertical advection plus negative precipitation
(tan, dashed).

1 Raymond et al. (2009) normalize by moisture convergence instead of dry
static energy export.
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tropical atmosphere in about 40 days. The pattern of
moistening and drying suggests that the processes that
regulate these tendencies may help foster the eastward
propagation of the model MJO, particularly given the strong
relationship between column saturation fraction and pre-
cipitation exhibited by the model (Figure 10).

Vertically-integrated intraseasonal moist static energy and
moisture budgets are presented at 141˚E and averaged from
0˚S–20˚S as a function of MJO phase. As in Neelin and Held
(1987), the vertically-integrated budget for moist static
energy (h) is given as:
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where brackets represent a vertical integral from the
surface to 100 hPa, ~vv is the horizontal wind vector, the
surface latent heat flux is LH, SH is the surface sensible
heat flux, SLWT represents the vertically integrated long-
wave heating rate, and SSWT represents the vertically
integrated shortwave heating rate. Before compositing,
the terms in (1) are first bandpass filtered to 20–100 days.
In practice, intraseasonal anomalies in SSWT are small and
hence will not be displayed. Also, SH anomalies are
generally an order of magnitude smaller than LH, and will
not shown separately, but added to the LH term for
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Similarly, the vertically-integrated specific humidity (q)
budget is given as:
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T~{Sq+:vIT{S~vv:+qTzE{P, ð2Þ

where E is the surface evaporation rate, and P is the
precipitation rate.

As in M09, horizontal advection and latent heat flux are
the largest terms in the intraseasonal moist static energy
budget (Figure 13a), with anomalous horizontal advection
increasing MSE in advance of MJO precipitation, and
discharging it during and after the precipitation event.
Anomalous latent heat fluxes tend to incompletely oppose
the MSE tendency produced by horizontal advection, and to
be partly in phase with the anomaly in the moist static
energy itself. The terms in the intraseasonal MSE budget are
dominated by humidity tendencies, consistent with the
ability of the tropical atmosphere to support only weak
temperature gradients. Anomalous vertical advection is
negative during enhanced MJO precipitation in the model,
consistent with gross moist stability in the model being
positive as defined in the traditional way using vertical MSE
advection (Neelin and Held 1987). In regions of high
precipitation rates (.10 mm day21) over the region 0˚S–
20˚S, 60˚E–180˚E, the column integrated MSE export due
to vertical advection, normalized by dry static energy export
[similar to the ‘‘normalized gross moist stability’’, e.g.,

Raymond et al. (2009)1], is weakly positive at 0.04.
Radiative cooling also approaches zero at the highest pre-
cipitation rates. Hence, the sum of latent and sensible heat
fluxes can easily overwhelm export due to divergent motions
and radiative cooling in regions of heavy precipitation.1

Figure 13. a) Composite 0˚S–20˚S averaged 20–100 day band-
pass filtered vertically-integrated moist static energy budget
anomalies and L times precipitation anomalies at 141˚E as a
function of MJO phase in the QM simulation. Terms include L
times precipitation (blue, solid), latent plus sensible heat fluxes
(green, solid), horizontal advection (red, solid), longwave heating
(tan, dashed), vertical advection (blue, dashed), and moist static
energy tendency (red, dashed). b) Composite 0˚S–20˚S aver-
aged 20–100 day bandpass filtered vertically-integrated q bud-
get anomalies at 141˚E as a function of MJO phase in the QM
simulation. Terms include negative one times precipitation (blue,
solid), latent heat (green, solid), horizontal advection (red, solid),
vertical advection (blue, dashed), precipitable water tendency
(red, dashed), and vertical advection plus negative precipitation
(tan, dashed).

1 Raymond et al. (2009) normalize by moisture convergence instead of dry
static energy export.
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Maloney et al., JAMES, 2010

Maloney’s CAM3: 

Andersen & Kuang’s 
aquaplanet SPCAM3.5:

Surface fluxes 
destabilize 

Longwave radiation 
destabilizes

Wednesday, August 8, 2012



But other aspects of possible GCM moisture mode 
dynamics have yet to be clarified.
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1. How are the intraseasonal moisture modes 
   destabilized?

2. How do the intraseasonal column moist static energy 
   anomalies travel through space?

But other aspects of possible GCM moisture mode 
dynamics have yet to be clarified.

Surface fluxes vs. longwave radiation?

How does the column MSE move through (x,y,t)?

(dependance on basic state idealizations?)
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Adding another model to the debate: Real-world SPCAM
CMMAP’s prescribed SST SPCAM3.0 run.
(Thanks to Marat Khairoutdinov!)
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Adding another model to the debate: Real-world SPCAM
CMMAP’s prescribed SST SPCAM3.0 run.

Advantages Disadvantages

MJO has been validated
Insufficient output to 
completely close the 
column MSE budget

(Thanks to Marat Khairoutdinov!)
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< MSE > (x,y,t)   =      
d
dt

horizontal advection

surface fluxes

longwave heating

vertical advection

small stuff

Well constrained in the run

Insufficient output
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Why not analyze one of the newer prototype MMFs?
The original SPCAM3.0 has a better uncoupled MJO.
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What destabilizes the mature 
Pacific moisture mode in real-world SPCAM?
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MJO related variations in column MSE budget terms.
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Use established methods to probe the (x,y) structure of 
MJO related variations in column MSE budget terms.

- Pick a baseline regression time series: 20-100 day filtered OLR 
  averaged in a zonally phase-aligned 10-deg wide box,10S-5N. 

- Isolate MJO phases using multivariate EOFs for boreal winter.
(as in Maloney et al. 2010)

- Lag-regress in (x,y) unfiltered column MSE budget terms, visualize 
  statistically significant regression slopes. 

(as in Andersen & Kuang 2011)
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For consistency with other models, focus on (x,y) budget 
during a mature Pacific MJO phase. 

Phase 7: The MJO convection index (negative filtered OLR) composite
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Focus on column MSE budget at latitudes of maximum MJO convection

W/m2

Wednesday, August 8, 2012



Real-world SPCAM’s phasing of horizontal column MSE 
advection is consistent with a moisture mode.

Column MSE 1. Column horizontal advection

2. Column longwave heating 3. Surface fluxes

Lag (x,y) regression slope magnitude of  (left) unfiltered column MSE & 
(right) the horizontal advection tendency term in its budget. 

MJ/m2 per W/m2 W/m2 per W/m2
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Real-world SPCAM’s phasing of horizontal column MSE 
advection is consistent with a moisture mode.

Column MSE 1. Column horizontal advection

2. Column longwave heating 3. Surface fluxes

Lag (x,y) regression slope magnitude of  (left) unfiltered column MSE & 
(right) the horizontal advection tendency term in its budget. 

(Regressed against MJO convection index in these boxes)

MJ/m2 per W/m2 W/m2 per W/m2
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Real-world SPCAM’s phasing of horizontal column MSE 
advection is consistent with a moisture mode.

Column MSE 1. Column horizontal advection

2. Column longwave heating 3. Surface fluxes

Lag (x,y) regression slope magnitude of  (left) unfiltered column MSE & 
(right) the horizontal advection tendency term in its budget. 

This OLR contour outlines the convective center

MJ/m2 per W/m2 W/m2 per W/m2
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Surface fluxes play a major role in maintaining real-world 
SPCAM’s intraseasonal column MSE.

Column MSE 1. Column horizontal advection

2. Column longwave heating 3. Evaporation

The 3 budget tendencies are shown on the same color scale (W/m2 per W/m2)
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How does real-world SPCAM’s mature phase oceanic 
intraseasonal moisture mode compare to other models?

Modified CAM3 SPCAM3.5
Maloney et al. 2010 Andersen & Kuang 2011
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Modified CAM3 SPCAM3.5
Maloney et al. 2010 Andersen & Kuang 2011

Basic state configuration
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What destabilizes the mature 
Pacific moisture mode in real-world SPCAM?
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What destabilizes the mature 
Pacific moisture mode in real-world SPCAM?

Questions

(x,y) lag regression suggests surface fluxes and 
longwave heating conspire in similar force.

Does destabilization occur 
differently over the Indian Ocean 

and Maritime Continent?
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Radiative destabilization seems to play a larger role in the column 
MSE budget over the Indian Ocean and Maritime Continent sectors.

Evaporation Column longwave heating

Phase 2
(initiation)

vs. 

Phase 3

Phase 4

Phase 5

(As before, colors show regression slope magnitude of unfiltered budget 
tendencies relative to MJO convection index in central region)

(W/m2 per W/m2)(W/m2 per W/m2)
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Radiative destabilization seems to play a larger role in the column 
MSE budget over the Indian Ocean and Maritime Continent sectors.

Evaporation Column longwave heating

Phase 2
(initiation)

vs. 

Phase 3

Phase 4

Phase 5

(W/m2 per W/m2)(W/m2 per W/m2)
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Evaporative destabilization is dominant over all Warm Pool phases.

Evaporation Column longwave heatingvs. 

Phase 6

Phase 7

Phase 8

Regression slope of unfiltered latent heat flux and column radiative heating 
against 20-100 day MJO convection index across the reference region.

(W/m2 per W/m2)(W/m2 per W/m2)
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and Maritime Continent?
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and Maritime Continent?

Questions

(x,y) lag regression suggests surface fluxes and 
longwave heating conspire in similar force.

Yes. Comparing MJO phases suggests 
the surface flux destabilization pathway 
mostly happens over the Warm Pool.
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What destabilizes the mature 
Pacific moisture mode in real-world SPCAM?

Does destabilization occur 
differently over the Indian Ocean 

and Maritime Continent?

Questions

(x,y) lag regression suggests surface fluxes and 
longwave heating conspire in similar force.

Yes. Comparing MJO phases suggests 
the surface flux destabilization pathway 
mostly happens over the Warm Pool. What does the unsteady evolution 

of column MSE look like in SPCAM?
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Exploring the idea of moisture mode dynamics means 
examining column moist static energy evolution.

< MSE > (x,y,t)   =      why?
d
dt

( budget tendency variables)
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Exploring the idea of moisture mode dynamics means 
examining column moist static energy evolution.

< MSE > (x,y,t)   =      why?
d
dt

( budget tendency variables)

So far we have used a traditional time mean (x,y) composite 
view of intraseasonal anomalies to this balance.

Wednesday, August 8, 2012



Exploring the idea of moisture mode dynamics means 
examining column moist static energy evolution.

< MSE > (x,y,t)   =      why?
d
dt

What does an unsteady (x,y,t) view say about how SPCAM’s 
column MSE is evolving via self-aggregation physics?

( budget tendency variables)

So far we have used a traditional time mean (x,y) composite 
view of intraseasonal anomalies to this balance.
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Extending the lag regression of column MSE to (x,y,t) 
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The unsteady evolution of column MSE in SPCAM’s 
composite MJO is richly structured in (x,y,t).

Colors show the regression slope of unfiltered column MSE lag-regressed 
against 20-100 day filtered column MSE across the reference region.

Phase 7: (Mature, Pacific)

Wednesday, August 8, 2012



The unsteady evolution of column MSE in SPCAM’s 
composite MJO is richly structured in (x,y,t).

Colors show the regression slope of unfiltered column MSE lag-regressed 
against 20-100 day filtered column MSE across the reference region.

Phase 7: (Mature, Pacific)
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Understanding the (x,y,t) structure of balances in the 
column MSE budget visually can be challenging.
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Column MSE Horizontal advection

EvaporationColumn longwave heating

A visualization strategy to clarify SPCAM’s moisture mode 
dynamics.
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1. Contour positive part 
of column MSE field for 

reference.
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1. Contour positive part 
of column MSE field for 

reference.

Overlay as BLUE 
pixel intensity

Overlay as RED pixel 
intensity.

Overlay as GREEN 
pixel intensity.

Column MSE Horizontal advection

EvaporationColumn longwave heating

A visualization strategy to clarify SPCAM’s moisture mode 
dynamics.
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An unsteady view of SPCAM’s mature Pacific moisture 
mode.
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The contours show where the column MSE is.
Colors show horizontal advection + latent heat flux + longwave heating

Sources

Sinks
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The contours show where the column MSE is.
Colors show horizontal advection + latent heat flux + longwave heating
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The contours show where the column MSE is.
Colors show horizontal advection + latent heat flux + longwave heating

Sources

Sinks
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The mature Pacific moisture mode in real-world SPCAM. 
The contours show where the column MSE is.
Colors show horizontal advection + latent heat flux + longwave heating
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Initiation of SPCAM’s MJO in the Indian Ocean.

MSE sources MSE sinks

Regression time series: 20-100 day column MSE in reference region.

The contours show where the column MSE is.
Colors show horizontal advection + latent heat flux + longwave heating
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What destabilizes the mature 
Pacific moisture mode in real-world SPCAM?

Does destabilization occur 
differently over the Indian Ocean 

and Maritime Continent?

Questions

(x,y) lag regression suggests surface fluxes and 
longwave heating conspire in similar force.

Yes. Comparing MJO phases suggests 
the surface flux destabilization pathway 
mostly happens over the Warm Pool. What does the unsteady evolution 

of column MSE look like in SPCAM?
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What destabilizes the mature 
Pacific moisture mode in real-world SPCAM?

Does destabilization occur 
differently over the Indian Ocean 

and Maritime Continent?

Questions

(x,y) lag regression suggests surface fluxes and 
longwave heating conspire in similar force.

Yes. Comparing MJO phases suggests 
the surface flux destabilization pathway 
mostly happens over the Warm Pool.

Visualizing the (x,y,t) structure emphasizes 
multiple action centers, and shifts in 
SPCAM’s MJO energetics with time. 

What does the unsteady evolution 
of column MSE look like in SPCAM?
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