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Vertical Structure and Diabatic Processes of 
h O Gl b l d l l i jthe MJO: Global Model Evaluation Project

MJO TF GASS
MJO Phenomena/Modeling Expertise + Model Diagnostic/Development Expertise 

• Characterize  observed and modelled temperature, moisture, and cloud structures 
within the multi‐scale convective systems during the MJO life cycle and determine the 
roles of various heating, moistening and momentum mixing processes. 

• Evaluate the ability of current models to hindcast MJO events, and characterize the 
evolution of the “error” growth in the profiles of moistening, diabatic heating, etc.

• Elucidate key model deficiencies in depicting the MJO physical process evolution, and 
provide guidance to model development/improvement efforts.

• Based on above analyses, develop more targeted physics/detailed process model 
studies as well as formulate plans for needed observations (in‐situ, airborne, satellite).



Vertical Structure and Diabatic Processes of 
the MJO: Global Model Evaluation Project

MJO Task Force/YOTC and GASS/

Time step / 2 –Day 
Physics Errors

Daily / Weekly 
Forecast Errors

Long‐Term Climate
Simulation Errors

1. climate simulation – multi-year simulations 
coupled or atmosphere only

2. short range hindcasts – daily 48hr lead 
during ~20 days of the MJO 

3. medium range hindcasts – daily 20-day 
lead time

www.ucar.edu/yotc/mjodiab.html
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MJO Task Force/YOTC and GASS

Model Experiment Science Focus Exp POC

/

www.ucar.edu/yotc/mjodiab.html

20 Yr Climatological Simulations
(1991-2010 if AGCM) 
6 hr Global Output

Model MJO Fidelity
Vertical structure

Multi scale Interactions:

UCLA/JPL
X. Jiang

I.

Model Experiment Science Focus Exp. POC

6-hr, Global Output
Vertical Structure, Physical Tendencies 

Multi-scale Interactions:
(e.g., TCs, Monsoon, ENSO)

g
D. Waliser

2 Day MJO Hindcasts Heat and moisture budgetsII. 2-Day MJO Hindcasts
YOTC MJO Cases E & F (winter 2009)*
Time Step, Indo-Pacific Domain Output

Very Detailed Physical/Model Processes

Heat and moisture budgets
Model Physics Evaluation

(e.g. Convection/Cloud/BL) 
Short range Degradation

Met Office
P. Xavier
J. Petch

20-Day MJO Hindcasts
YOTC MJO Cases E & F (winter 2009)*

3-hr Global Output

MJO Forecast Skill
State Evolution/Degradation

NCAS/Walker in.
N. Klingaman

III.

Commitments: Over 40 Modeling Groups with AGCM and/or CGCM

3 hr, Global Output
Elements of I & II Elements of I & II S. Woolnough

*DYNAMO Case TBD 



Status and Plans

• Over 40 modelling 
groups signed up; 13 
groups 
started/completedstarted/completed 
upload.

• Initial results to be  
presented and discussedpresented and discussed 
at Pan-GASS Meeting 
Sep 10-14, 2012.

• November DYNAMO caseNovember DYNAMO case 
identified as priority for 
extension

• Identify critical / poorly-y p y
constrained processes 
for subsequent detailed 
GASS process modelling 
studies More, Full List studies.

• Dovetails with MJO TF 
Diagnostics/Metrics 
Work

Available on Project 
Website

Work.
www.ucar.edu/yotc/mjodiab.html
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WGNE MJO Task WGNE MJO Task 
E/W Power Versus 500‐850 RH for 
Highest Precip Percentiles

Force Process‐
O i t d Di ti

Force Process‐
O i t d Di ti

1%

Oriented Diagnostics Oriented Diagnostics 

5%

10%

Kim et al. 2013



MSE Budget DiagnosticsMSE Budget Diagnosticsg gg g

Hannah and Maloney 2011; Benedict et al. 
20132013

Benedict et al. 2013

• Models in which convection and associated circulations are 
less efficient as discharging moist static energy (~latent heat) 
from the column produce more realistic MJOsp

• Diabatic heating profiles and vertical profiles of MSE both 
regulate this  diagnostic 



Application to DYNAMO 
Hindcasts
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MSE Budget Diagnostics: Application to MSE Budget Diagnostics: Application to 
DYNAMO CAM5 hindcastsDYNAMO CAM5 hindcasts

C t f W lt H h

• CAM5 with enhanced 

Courtesy of Walter Hannah

entrainment produces much-
improved DYNAMO hindcast 
skill versus simple undiluted p
CAPE convective closure



MSE Budget Diagnostics: Application to DYNAMO 
hindcasts

MSE Budget Diagnostics: Application to DYNAMO 
hindcastshindcastshindcasts

MSE anomalies

Gross moist stability

• CAM5 with enhanced

Gross moist stability

CAM5 with enhanced 
entrainment produces much-
improved DYNAMO hindcast 
skill versus simple undilutedskill versus simple undiluted 
CAPE convective closure


