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

—p CAM+RAS+Tk

Maloney’s modified version of CAM using
Relaxed Arakawa Schubert + Tiedke

- SPCAM

Super-Parameterized Community Atmosphere Model

CCSM4

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

ECHAM
Tiedke + Nordeng
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What is 2a moisture mode’

One way to think of how intraseasonal convection
couples to large-scale circulations to produce an M|O.

Tropical convection self aggregates on large
scales via. internal feedbacks

Coupled to horizontal advection, can manifest as
slow propagation.

Column MSE budget is key:

«
—<MSE>(xyt) = why?
( column MSE budget

tendency variables )
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Example:
Maloney’s CAM3 w. tighter g-precip coupling

® Comparing MJO-related variations in the column moist
static energy budget.

Composite 141°E MSE Budget Terms
Vertically-Integrated 0°S - 20°S Average

precip <§_if>

(D Vh)

< Time (or x > )
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Example:
Maloney’s CAM3 w. tighter g-precip coupling

® Comparing MJO-related variations in the column moist

static energy budget. A moisture mode signature:

Horizontal MSE advection mediating propagation

Composite 141°E MSE Budget Terms
Vertically-Integrated 0°S - 20°S Averag

precip <§_if>

(D Vh)

Maloney et al,,
JAMES, 2010

Phase

< Time (or x > )
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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

MJO regressed Column MSE anomaly ()/m®) L
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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

b) MJO regressed Column MSE anomaly ()/m®) .
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This has raised basic questions.

|. 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...
| .What physics cause the simulated moisture modes to destabilize?
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Some aspects of these questions have been addressed...
|.What physics cause the simulated moisture modes to destabilize?

Andersen & Kuang’s

Maloney’s CAM3: aquaplanet SPCAM3.5:

Surface fluxes
destabilize

a) Fractional Contribution to MSE anomaly maintenance (per day)

Colaposite 141°E MSE Budget Terms

Verticali -Integrated 0°S - 20°S Average

precip <fa)_f>

(- Vh)

jenpisal

<dp/yp m>
321N0S |ejoL

<

Time (or x > )

Maloney et al., JAMES, 2010
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Some aspects of these questions have been addressed...
|.What physics cause the simulated moisture modes to destabilize?

Andersen & Kuang’s
aquaplanet SPCAM3.5:

Longwave radiation
Surface fluxes destabilizes
destabilize

Maloney’s CAMa3:

a) Fractional Contributg®n to MSE anomaly maintenance (per day)

Colaposite 141°E MSE Budget Terms

Verticali -Integrated 0°S - 20°S Average

precip <fa)_f>

(- Vh)

jenpisal

<dp/yp m>
321N0S |ejoL

<

Time (or x > )

Maloney et al., JAMES, 2010
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But other aspects of possible GCM moisture mode
dynamics have yet to be clarified.
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But other aspects of possible GCM moisture mode
dynamics have yet to be clarified.

|. How are the intraseasonal moisture modes
destabilized!?

Surface fluxes vs. longwave radiation!?
(dependance on basic state idealizations?)

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

How does the column MSE move through (x,y,t)?
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Adding another model to the debate: Real-world SPCAM
CMMAP’s prescribed SST SPCAM3.0 run.

(Thanks to Marat Khairoutdinov!)

The Multi-scale Modeling Framework (MMF) approach
(a.k.a. “super-parameterization”)

2
Exterior global
climate model -

Interior cloud
. >
resolving model l

Khairoutdinov et al., 2008
Benedict & Randall, 2009
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Adding another model to the debate: Real-world SPCAM
CMMAP’s prescribed SST SPCAM3.0 run.

(Thanks to Marat Khairoutdinov!)

The Multi-scale Modeling Framework (MMF) approach

(a.k.a. super-paran;.e;:frlzatlon ) Superparameterization

Exterior global / configuration:

climate model

CAM3 T42 SLD exterior

Interior cloud
e EEE——

resolving model l N-S 32 x 4km CRM interior

Advantages Disadvantages

Insufficient output to
completely close the
column MSE budget

MJO has been validated

Realistic basic state

Long record (20 years)

for good statistics Khairoutdinov et al., 2008

Benedict & Randall, 2009
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- < MSE > (x,y,t) = horizontal advection

surface fluxes

Well constrained in the run / .
longwave heating

vertical advection

Insufficient output \

small stuff
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t horizontal advection |

surface fluxes

Well constrained in the run

longwave heating
Insufficient output ‘ vertical advection |

small stuff
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Why not analyze one of the newer prototype MMFs?
The original SPCAM3.0 has a better uncoupled MJ|O.

. NOAAOLR .

Wednesday, August 8, 2012



Why not analyze one of the newer prototype MMFs?
The original SPCAM3.0 has a better uncoupled MJ|O.

. NOAA OLR |

SPCAM3.5
Weaslward t".‘”r metne Eastward

15 " = 0 b ] 10 1 1S 10 be ) O 10 15
Wednesday, August 8, 2012



Why not analyze one of the newer prototype MMFs?
The original SPCAM3.0 has a better uncoupled MJ|O.

. NOAA OLR ~ PNNL MMF |
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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.

- Isolate MJO phases using multivariate EOFs for boreal winter.

(as in Maloney et al. 2010)

- Pick a baseline regression time series: 20-100 day filtered OLR
averaged in a zonally phase-alighed |10-deg wide box, | 0S-5N.

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

(as in Andersen & Kuang 201 I)
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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

Phase 7: (ndays=253)
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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

~ 250 boreal winter sim-days
available for statistical analysis

Phase 7:{ndays=253)

Lag (x,y) regression will be against index time series averaged in this box

Focus on column MSE budget at latitudes of maximum MJO convection
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Real-world SPCAM’s phasing of horizontal column MSE
advection is consistent with a moisture mode.

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

Column MSE

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

Lag (x,y) regression slope magnitude of (left) unfiltered column MSE &
(right) the horizontal advection tendency term in its budget.
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Real-world SPCAM’s phasing of horizontal column MSE
advection is consistent with a moisture mode.

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
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Surface fluxes play a major role in maintaining real-world
SPCAM’s intraseasonal column MSE.

The 3 budget tendencies are shown on the same color scale (W/mz per W/m2)

Column MSE

130 140 150 160 170 'ISEI 0 200 210

eq E
Phase 7 ative filter d IflflLF-! rearessed latent heat flux

3. Evaporatlon N
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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 201 |
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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 201 |

Basic state configuration
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How does real-world SPCAM’s mature phase oceanic
intraseasonal moisture mode compare to other models!?

Modified CAM3 SPCAM3.5 SPCAM3.0

Maloney et al. 2010 Andersen & Kuang 201 |
Aquaplanet w. Aquaplanet w.
Basic state configuration warm pool + zonally symmetric Real-world
|/4 dSST/dy SSTs

Horizontal column MSE

advection appears to V V

mediate eastward travel?
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destabilizing destabilizing

Role of longwave heating

anomalies!? Hard to say

Role of surface flux
anomalies?
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How does real-world SPCAM’s mature phase oceanic
intraseasonal moisture mode compare to other models!?

Modified CAM3 SPCAM3.5 SPCAM3.0

Maloney et al. 2010 Andersen & Kuang 201 |
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How does real-world SPCAM’s mature phase oceanic
intraseasonal moisture mode compare to other models!?

Modified CAM3 SPCAM3.5 SPCAM3.0

Maloney et al. 2010 Andersen & Kuang 201 |
Aquaplanet w. Aquaplanet w.
Basic state configuration warm pool + zonally symmetric Real-world
|/4 dSST/dy SSTs

Horizontal column MSE

advection appears to V V

mediate eastward travel?

v

Role of longwave heating Hard to sa Strongly Moderately
anomalies!? 4 destabilizing destabilizing
Role of.surface flux Strongly Stabilizing Moderately
anomalies!? destabilizing destabilizing
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Questions

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

(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 vs.  Column longwave heating
(W/m?2 per W/m?) (WIm? per W/m?)

Phase 2
(initiation)

(As before, colors show regression slope magnitude of unfiltered budget
tendencies relative to MJO convection index in central region)
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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 vs.  Column longwave heating
(W/m?2 per W/m?) (WIm? per W/m?)

0

Phase 2  EBE
(initiation) e

Phase 4

Phase 5

140 140 160
deg E deg E
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Evaporative destabilization is dominant over all Warm Pool phases.

Evaporation vs.  Column longwave heating
(W/m?2 per W/m?) (WIm? per W/m?)

Phase 6

Phase 7

180 200
dea E

Phase 8

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

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

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

Does destabilization occur
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and Maritime Continent!?
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Questions

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

(x,y) lag regression suggests surface fluxes and
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Exploring the idea of moisture mode dynamics means
examining column moist static energy evolution.

d
—<MSE>(xyt) = why?
( budget tendency variables)
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( 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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Exploring the idea of moisture mode dynamics means
examining column moist static energy evolution.

d
—<MSE>(xyt) = why?
( budget tendency variables)

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

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

Phase 7: (Mature, Pacific)

Colors show the regression slope of unfiltered column MSE lag-regressed
against 20-100 day filtered column MSE across the reference region.
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The unsteady evolution of column MSE in SPCAM’s
composite MJO is richly structured in (x,y,t).

Phase 7: (Mature, Pacific)

Phase 7 Lag=-10days Jim? per iﬂ%mﬁg

160 170 180 190 200
deg E

Colors show the regression slope of unfiltered column MSE lag-regressed
against 20-100 day filtered column MSE across the reference region.
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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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A visualization strategy to clarify SPCAM’s moisture mode
dynamics.

Horizontal advection

1
b
|
- |
f
> .
b - U
QD
o 40
b BRI
"y,
)
- |
1 &
-1
-
)

Column longwave héatihg

V() v H 10¢
: . . < x PR
[ ) It ey e e s i s sl e s s s [ S e e Bl e B S s e S ‘_ £ _‘! ‘ [ | > g R b o
e
' 3 [-\\_.Q camcd .;
gt 14 : | S 4 . ‘

Wednesday, August 8, 2012



A visualization strategy to clarify SPCAM’s moisture mode
dynamics.
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A visualization strategy to clarify SPCAM’s moisture mode
dynamics.

Column MSE 'm. °( Horizontal advection
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A visualization strategy to clarify SPCAM’s moisture mode
dynamics.

Column MSE m o Horizontal advection

Overlay as BLUE
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A visualization strategy to clarify SPCAM’s moisture mode
dynamics.

Column MSE m o Horizontal advection
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A visualization strategy to clarify SPCAM’s moisture mode
dynamics.

Column MSE 'm. °( Horizontal advection
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of column MSE field for pixelintensity
reference. -
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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
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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
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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.

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

MSE sources MSE sinks

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

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

(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!?

Yes. Comparing MJO phases suggests
the surface flux destabilization pathway

mostly happens over the VWWarm Pool. What does the unsteady evolution
of column MSE look like in SPCAM?
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Questions

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

(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!?

Yes. Comparing MJO phases suggests
the surface flux destabilization pathway

mostly happens over the VWWarm Pool. What does the unsteady evolution
of column MSE look like in SPCAM?

Visualizing the (x,y,t) structure emphasizes
multiple action centers, and shifts in

SPCAM’s MJO energetics with time.
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