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The statistical composite signal of the MJO in multidecadal 
simulations of free-running SPCAM3.0 is remarkable.
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Analysis of SPCAM has suggested several hypotheses about the 
physics of the real MJO. 

• Sub-200km cloud thermodynamics are essential. 

• Convective momentum transport may not matter much.

• Ocean coupling is secondary but still important. 

• The moisture mode paradigm may be relevant to nature*
(symmetric aquaplanet)
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• Why does SPCAM have a nice MJO while other GCMs don’t?

• How realistic is the MJO in the new versions of SPCAM?

• Can SPCAM realistically forecast real-world MJOs?

• Might convective momentum transport matter to the SP-MJO?

• What are the dominant pathways of SP moisture mode 
destabilization in its real-world configuration?

Lots of interesting questions come to mind.
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Including SPCAM in a new international MJO model 
intercomparison project is a chance to explore these questions.

http://climate.ncas.ac.uk/pmwiki/MJO_Diabatic_Hindcast/

MULTIPLE COMPONENTS: 
EXAMPLE OF OUTPUT REQUIREMENTS 
CLOSING T,Q,U,V BUDGETS:
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What version of SPCAM makes sense to contribute 
to the intercomparison?

Questions
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It is tempting to run one of the newer versions of SPCAM 
with upgraded CRM physics for the intercomparison...
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But we don’t yet know how robust SPCAM’s MJO is to recent 
model development and to details of SP implementation. 
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On closer inspection, the new versions of SPCAM do not have 
good composite MJO signals compared to the original model.
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good composite MJO signals compared to the original model.
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On closer inspection, the new versions of SPCAM do not have 
good composite MJO signals compared to the original model.
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Issues with the MJO in prototype versions of SPCAM may be 
partly related to insufficiently tuned mean climate. 
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The U850 basic state pattern is also most realistic in 
SPCAM3.0 compared to the other models. 
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What version of SPCAM makes sense to contribute 
to the intercomparison?

Questions

Tuesday, August 7, 2012



Questions

Tuesday, August 7, 2012



Questions

How realistic is the MJO in the 
latest versions of the SPCAM?
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MJO and mean climate than its new sister models.
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Questions

How realistic is the MJO in the 
latest versions of the SPCAM?

The original model, SPCAM3.0 has a much better 
MJO and mean climate than its new sister models.

Can SPCAM skillfully forecast real-
world MJO events? 
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SPCAM3.0 has been reconfigured to participate in the model 
intercomparison.

SPCAM3.0
CODE
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SPCAM3.0 has been reconfigured to participate in the model 
intercomparison.

SPCAM3.0
CODE

New code additions:

Diagnostics to close 
budgets.
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SPCAM3.0 has been reconfigured to participate in the model 
intercomparison.
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Launch super-
parameterized forecasts!
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How “forecast skill” is defined in the model intercomparison.
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How “forecast skill” is defined in the model intercomparison.
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Examples of the “skill limit” from other GCMs and forecast 
models.

1) Kang & Kim 2009
20 days for 0.5 correlation limit in the SNU AGCM T42 L20
(Same season)
Caveat 1: They used a much longer analysis period (26 winters).
Otherwise, similar Gottschalk et al. RMM protocol. 

2) Vitart et al. 2007
16-17 days for 0.6 correlation limit in their modified-physics 
ECMWF monthly forecast CGCM, cycle 28R3 @ T159 L40.
Caveat 1: They used 10S-10N instead of 15S-15N 
Caveat 2: They used velocity potential instead of U200 in RMMs
Caveat 3: Different way of defining “anomaly” wrt. model drift.
Caveat 5: Theirs were daily 5-member ensembles, and their skill limit was from the ensemble mean. 

3) Vitart and Jung 2010
22 days for 0.6 correlation limit

ECMWF IFS Cy36r1 TL255 L60
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A first forecast case:  Year of Tropical Convection Case “E”
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A first forecast case:  Year of Tropical Convection Case “E”

Forecast 1/52
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A first forecast case:  Year of Tropical Convection Case “E”

Forecast 1/52

Forecast 52/52
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Analysis by intercomparison coordinators indicates SPCAM’s 
preliminary RMM skill limit is ~12 days.

Correlation of hindcast and observed RMM1 and RMM2 for 20091010 to 20091125
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(a) Correlations between modelled and observed RMM1 (solid) and RMM2 (dashed)
for case 1 - start dates 2009/10/10 through 2009/11/25.

Bi-variate correlation of hindcast and observed RMM1 and RMM2 for 20091010 to 20091125
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(b) Bi-variate correlation between modelled and observed RMM1 and RMM2 for
case 1 - start dates 2009/10/10 through 2009/11/25.

RMSE of hindcast RMM1 and RMM2 against observations from 20091010 to 20091125
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(c) RMSEs between modelled and observed RMM1 (solid) and RMM2 (dashed) for
case 1 - start dates 2009/10/10 through 2009/11/25.

Bi-variate RMSE of hindcast RMM1 and RMM2 against observations from 20091010 to 20091125
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(d) Bi-variate RMSE between modelled and observed RMM1 and RMM2 for case 1

- start dates 2009/10/10 through 2009/11/25.

Figure courtesy of Nicholas Klingaman, U. Reading.
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How does SPCAM’s forecast skill compare to other models?

Correlation of hindcast and observed RMM1 and RMM2 for 20091010 to 20091125
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(a) Correlations between modelled and observed RMM1 (solid) and RMM2 (dashed)
for case 1 - start dates 2009/10/10 through 2009/11/25.

Bi-variate correlation of hindcast and observed RMM1 and RMM2 for 20091010 to 20091125
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(b) Bi-variate correlation between modelled and observed RMM1 and RMM2 for
case 1 - start dates 2009/10/10 through 2009/11/25.

RMSE of hindcast RMM1 and RMM2 against observations from 20091010 to 20091125
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(c) RMSEs between modelled and observed RMM1 (solid) and RMM2 (dashed) for
case 1 - start dates 2009/10/10 through 2009/11/25.

Bi-variate RMSE of hindcast RMM1 and RMM2 against observations from 20091010 to 20091125

ECMWF_IFSMRI_AGCMNASA_GEOS5NRL_NAVGEMIIS_GFS2METUM_GA30CCCma_CanCM4GISS_ModelE2SPCAM3

ECMWF_IFS
MRI_AGCM
NASA_GEOS5
NRL_NAVGEM
IIS_GFS2
METUM_GA30
CCCma_CanCM4
GISS_ModelE2
SPCAM3

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Lead time (days)

0.00
0.15
0.30
0.45
0.60
0.75
0.90
1.05
1.20
1.35
1.50
1.65
1.80
1.95
2.10
2.25
2.40
2.55
2.70
2.85
3.00
3.15
3.30

0.000.150.300.450.600.750.901.051.201.351.501.651.801.952.102.252.402.552.702.853.003.153.30

Bi
-v

ar
ia

te
 R

M
SE

 a
ga

in
st 

ob
se

rv
ed

 R
M

M
 in

di
ce

s (
fro

m
 N

O
A

A
 O

LR
 a

nd
 E

CM
W

F 
Y

O
TC

 w
in

ds
)

(d) Bi-variate RMSE between modelled and observed RMM1 and RMM2 for case 1

- start dates 2009/10/10 through 2009/11/25.
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Figure courtesy of Nicholas Klingaman, U. Reading.
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RMM indices with lead time from SPCAM3 for initialisation dates 20091010-20091125
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Figure courtesy of Nicholas Klingaman, U. Reading.

Analyzing Days 1-10 in (RMM1,RMM2) phase for Case E forecasts.
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Analyzing the column MSE error growth as a function of MJO phase.

YOTC 
Case E
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Analyzing the column MSE error growth as a function of MJO phase.

YOTC 
Case E

More short-term shortcast skill where MJO index is increasing?
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Analyzing the forecast error growth as a function of MJO phase.

YOTC 
Case D
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Analyzing the forecast error growth as a function of MJO phase.

YOTC 
Case F
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Redoing the YOTC Case D forecasts with a 3D CRM plus 
convective momentum transport leads to improved skill > day 10.
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Most of the improved RMM skill came from reduced 
activity in the westerly wind burst.
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Both model configurations initially forecast overly strong 
intensification of surface westerlies over the Indian 
Ocean....

Days 6-10 composite

sens3dcrm OBS control

overactive spinup of the 
low level wind anomaly
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sens3dcrm OBS control

But after two weeks, the forecasts with 3D CRM+CMT had 
self-corrected, reducing low-level wind intensity.

Days 15-19 composite:
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Also some improvement in upper level flow with CMT.

sens3dcrm OBS control
Days 6-10: Initial spinup similar in both models.
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Also some improvement in upper level flow with CMT.

Days 15-19: Eastward propagation only in 3D+CMT.

sens3dcrm OBS control
Days 6-10: Initial spinup similar in both models.
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Also some improvement in upper level flow with CMT.

Days 15-19: Eastward propagation only in 3D+CMT.

sens3dcrm OBS control
Days 6-10: Initial spinup similar in both models.

Tuesday, August 7, 2012



sens3dCRM+CMTcontrol

vs.
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Caveat 1: improved RMM skill came at the expense of 
poorer forecasts of column MSE under 3D+CMT.
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sens3dcrm OBS control

Caveat 2: The magnitude of OLR anomalies was unrealistically high 
in both simulations, and especially with the 3D CRM. 

Days 6-10 composite:
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Nonetheless, improved coherence of eastward propagating OLR is 
suggestive at large lead times in the run with 3D+CMT.

stationary
OLRPropagating OLR

sens3dcrm OBS control

Days 15-19 composite:
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MJO and mean climate than its new sister models.

Sort of. First tests using nudged 
initialization of SPCAM3.0 across 

O(50)-member suggest a RMM skill 
limit ~ 12 days for YOTC events.

Hints of higher skill during initiation. 

Can SPCAM skillfully forecast real-
world MJO events? 

What is the phase-dependence of 
SPCAM’s MJO forecast skill?

Does convective momentum 
transport matter to the SP-MJO?

Perhaps. Revisiting YOTC Case D using a 
3D CRM with CMT suggests potential for 

improved skill at lead times > 12 days.

Conclusions
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• Why does SPCAM have a nice MJO while other GCMs don’t?

• Why has the MJO deteriorated in SPCAM3.0’s prototype 
sister models?

• How realistic is the MJO in the new versions of SPCAM?

• Can SPCAM realistically forecast real-world MJOs?

• Might convective momentum transport matter to the SP-MJO?

• What are the dominant pathways of SP-MJO destabilization 
from the moisture mode paradigm in its real-world 

Lots of interesting questions are still open.
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Information rich view of the 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

Plug for talk tomorrow in physical processes breakout: 
“A moist static energy budget analysis of the MJO in the SPCAM AMIP run”
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