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Kelvin Waves
Rossby Waves

MJOs

• The MJO is the dominant form 
of intraseasonal variability in 
the Tropics.

• The MJO impacts a wide range 
of weather & climate 
phenomena.

• Our weather & climate models 
have a relatively poor 
representation of the MJO.

• Great benefit could be derived 
from better predictions of the 
MJO - Helps to fill gap between 
weather and seasonal 
predictions.

MotivationMotivation



1) Develop MJO WG Web Site.  Done.

Diagnostics Link, Meeting & Telecon Updates, Theme Pages

1) Diagnostics for Asessing Model Simulations of 
the MJO.  Done. Journal of Climate Article Submitted. (WG - Lead)

2) Application of Diagnostics to Models. Analysis and 
Journal of Climate Article In Progress - (D. Kim and WG Lead).

3) Prediction Targets and Metrics for MJO 
Forecasts. Designed, Implemented at Several Opertional Centers.  
BAMS-like Article Planned (J. Gottschalck & WG Lead).

ICTP 1-Day Workshop Focus: Aug, 2008 

4) Workshop/Experimentation Planning.                
Done.  November 2007, Irvine, CA.  BAMS meeting summary in press. 

US CLIVAR Established 
MJO Working Group : 2006-08

Goals/Progress: Summary



I.I. MJO Working GroupMJO Working Group
1.1. Web Site & InformationWeb Site & Information

http://http://www.usclivar.org/mjo.phpwww.usclivar.org/mjo.php



Web Site 
Resources

Theme Pages
&

WG Activities



MJO Weather-Climate Theme Pages

Example: MJO & HurricanesExample: MJO & Hurricanes
by Eric Maloneyby Eric Maloney



I.I. MJO Working GroupMJO Working Group
2. Developing Model  2. Developing Model  

Simulation DiagnosticsSimulation Diagnostics

http://http://www.usclivar.org/mjo.phpwww.usclivar.org/mjo.php

••Little Apparent Little Apparent 
ProgressProgress

••Little Model Little Model 
Stability Stability 

••Each used different Each used different 
metricsmetrics



MJO 
Diagnostics

General
Strategy

&
Description



MJO 
Diagnostics

Recipe for
Calculating
Diagnostics
____________

Calculation
Codes Available



MJO
Diagnostics

Plan To Make 
The Actual 

Map/Plot Data
Available

____________

Results Are
Summarized 
in a Journal
Of Climate

Article
To Be Submitted 



MJO
Diagnostics

Equatorial 
Space-Time

Spectra
U, Rain, OLR
____________

NCEP1,
NCEP2,

& ERA40

NCEP1NCEP1

ERA40ERA40



MJO
Diagnostics

Time Series
Spectra

U, Rain, OLR
____________
Domains of

Interest

OLR-IO

U850 - EP



MJO
Diagnostics

Life-Cycle
Composites

U, Rain, OLR, SLP, SF
Rainfall

U850

Satellite Rain/Cloud: AVHRR, GPCP, TRMM
Analysis Data: NCEP1,NCEP2



MJO
Diagnostics

Life-Cycle
3D Composites

T, Q, U, W

Specific
Humidity

(x,p)

Zonal 
Wind
(x,p)



MJO
Diagnostics

Important
Mean State
Quantities

Mean SST

Mean Zonal Wind Shear Mean 850 hPa Zonal Wind



MJO Diagnostics
Paper #1 - Submitted



I.I. MJO Working GroupMJO Working Group
3. Applying Diagnostics to 3. Applying Diagnostics to 

Contemporary Climate Contemporary Climate 
ModelsModels

http://http://www.usclivar.org/mjo.phpwww.usclivar.org/mjo.php



Application of MJO Diagnostics
Paper #2 – In Preparation

2nd draft



MJO Simulation Diagnostics
Application to Contemporary Models

MJO Simulation Diagnostics
Application to Contemporary Models

Assess Current Capabilities for Simulating the MJO



MJO Simulation Diagnostics
Subseasonal Variance: Precip & U850



MJO Simulation Diagnostics
Wavenumber-frequency: Precip & U850



MJO Simulation Diagnostics
Time-Longitude: OLR & Near Surface Convegence



MJO Simulation Diagnostics & Their Application
Contributions & Acknowledgement



I.I. MJO Working GroupMJO Working Group
4. Metric for Operational 4. Metric for Operational 

MJO ForecastingMJO Forecasting

ENSO ENSO –– ““Nino 3.4 IndexNino 3.4 Index””
Weather Weather –– 500 500 mbmb heightsheights
MJO MJO -- ??

http://http://www.usclivar.org/mjo.phpwww.usclivar.org/mjo.php

• Use of a common forecast metric allows for:
quantitative forecast skill assessment.

targeted model improvements.
even friendly competition to motivate 
further improvements.
developing a multi-model ensemble 
forecast of the MJO.



Invitation from WGNE & US CLIVAR MJO WG

Prepare and send Prepare and send –– operationally operationally -- a select set of a select set of 
forecast fields (U850, U200, OLR) in order to join forecast fields (U850, U200, OLR) in order to join 
the fun and the Multithe fun and the Multi--Model Ensemble. Model Ensemble. 

Participants now include ECMWF, US, Canada, UK, Australia



I.I. MJO Working GroupMJO Working Group
5. MJO Workshop 5. MJO Workshop -- 20072007

http://http://www.usclivar.org/mjo.phpwww.usclivar.org/mjo.php

BAMS Meeting 
Summary In Press

New Approaches to Understanding, 
Simulating, and Forecasting the Madden-

Julian Oscillation



CLIVAR MJO Workshop Recommendations

• Where possible, develop scalar metrics of MJO model skill for use in multi‐
model comparisons and for tracking model fidelity.

• Develop  process‐oriented  diagnostics  that  improve  our  insight  into  the 
physical mechanisms for robust simulation of the MJO.

• Continue  to  explore  multi‐scale  interactions  within  the  context  of 
convectively‐coupled  equatorial  waves,  both  in  observations  and  by 
exploiting  recent  advances  in  high‐resolution modeling  frameworks,  with 
particular  emphasis  on  vertical  structure  and  diabatic processes.  (YOTC, 
CMMAP, CASCADE, etc)

• Expand  efforts  to  develop  and  implement  MJO  forecast  metrics  under 
operational conditions. (Trieste/ICTP – Aug. 2008)

• Develop an experimental modeling framework to assess MJO predictability 
as well as  forecast skill  from contemporary/operational models. (B. Wang, 
I.‐S. Kang, et al. working on it) 



Year of Tropical Convection 
Coordinating Observing, modeling and 

Forecasting to Addressing the Challenge of  
Organized Tropical Convection

Year of Tropical Convection 
Coordinating Observing, modeling and 

Forecasting to Addressing the Challenge of  
Organized Tropical Convection

II.II. YOTCYOTC



Service Delivery Capacity Building

ObservationsAssessments
Prediction



Our shortcomings in tropical convection 
severely limit the representation of key 

physics in weather & climate models
• Diurnal cycle - strongest 

“forced” signal in the climate 
system.

• Synoptic waves and easterly 
waves, including development & 
evolution of hurricanes and 
Tropical cyclones

• Madden-Julian Oscillation (MJO)
and other large-scale 
convectively-coupled waves

• monsoon variability, including 
onset and break activity.

• Tropical mean state, including 
ITCZ and distributions of rainfall 
over oceans & continents

Winter 2005-6

Kelvin WavesKelvin Waves

RossbyRossby WavesWaves

MJOs

Dominant Convectively-Coupled Tropical Waves Projected 
onto OLR Anomalies. Wheeler and Weickmann, 2001



New Steps to Make Progress
Step Back & Recognize: 

We are in a new era!

The Tropical Atmosphere-Ocean-Land 
Systems  Have Never Been So Well Observed.

New Steps to Make Progress
Step Back & Recognize: 

We are in a new era!

The Tropical Atmosphere-Ocean-Land 
Systems  Have Never Been So Well Observed.

• Satellite Observations (e.g., EOS)
• In-Situ Networks (ARM, CEOP)
• GOOS (e.g., TAO, PRADA, 

drifters)
• IOPs (e.g., AMMA, VOCALS, T-

PARC, AMY)
• TIGGE
• Higher Resolution Modeling & 

Analyses

New/Improved Resources Conceptual 
Framing

+
FGGE, 
GATE, 
TOGA 

COARE

= YoTC

Focus 
“Year”
Virtual

IOP



Year of Tropical Convection: Timeline



Membership of Science Planning Group - Established ~ July/August 2007

Caughey, J      THORPEX Scientific Officer and Meeting Secretary                WMO Geneva
Elsberry, R WWRP, Tropical Meteorology Research Program                     NRL, Monterey  
Houze, R. Cloud processes and microphysics                                U. Washington, Seattle 
Jakob, C. GEWEX, cloud processes and modeling                        Monash University
Johnson, R. Tropical in-situ observations and analysis                                  CSU, Fort Collins
Koike, T GEWEX/CEOP, data construction and analysis                      U.Tokyo
Matsumoto CLIVAR, WCRP International Monsoon Year                         U.Tokyo
Miller, M. WGNE, physical processes & NWP, ECMWF high res data          ECMWF
Moncrieff, M.     Co-chair THORPEX, convection modeling/theory                         NCAR 
Petch, J. GEWEX GCSS, Precipitating Convective Cloud Systems UKMO 

Rossow, W. ISCCP, satellite data construction & analysis, radiation        City College, NY 
Shapiro, M. WWRP JSC and THORPEX, extratropical dynamics                      NOAA, Boulder
Szunyogh, I.THORPEX, extratropical dynamics and predictability                     U. Maryland
Thorncroft, C. AMMA SUNY, Albany
Toth, Z. WWRP-THORPEX TIGGE data, NCEP high-res. data                    NCEP
Waliser, D. Co-chair International/US CLIVAR, satellite analysis, modeling    JPL/Caltech
Wang, B CLIVAR, WCRP International Monsoon Year Connection             U. Hawaii, 
Wheeler, M.MJO, tropical analysis and forecasting                          BMRC, Australia
Woolnough, S  MJO, large-scale modeling                                                  U. Reading, UK

Thomas, D. WMO Information System WMO



Fundamental Science Questions

1.  What are the global and regional characteristics of tropical convection 
over both land and ocean, including variability on diurnal to seasonal time 
scales?

2. What are the characteristics and relative roles of processes occurring (1) 
within the large-scale circulation, (2) on the mesoscale, and (3) internally 
on the storm scale that influence the development, organization, and 
maintenance of tropical convection?

3. Under what circumstances and via what mechanisms is water vapor, 
energy, and momentum transferred across scales ranging from the 
mesoscale to the large (or planetary) scale?

4.  How does organized tropical convection interact with the extra-tropical 
circulation?



Strategy: Target Phenomena with Focused Working Groups

• Madden-Julian Oscillation (MJO/CCEWs)-Advances in our modeling 
capabilities in the MJO are expected to lead to significant untapped predictability in both tropical 
weather forecasts, monsoon onsets and breaks, extra-tropical weather, and provide a bridge between 
weather and climate predictions. Underlying the MJO are CCEWs,  considered to be important 
building blocks of tropical convective variability and its organization on a wider range of time 
scales. 

• Easterly Waves / Tropical Cyclones - Easterly waves are an important triggering 
mechanisms for tropical storms and cyclones and the latter represent one of the most severe of the 
high impact weather events that warrant continued improvements in track and intensity prediction. 

• Diurnal Cycle - Our shortcomings in representing arguably the most basic and strongest 
forced mode of variability demands attention.  Moreover, studies indicate that the diurnal scale can 
rectify onto longer time scale processes.

• Monsoons -These are complex multi-scale processes and within the proposed activity could be 
considered as the ultimate challenge or integrating theme as their variability is strongly influenced 
by the diurnal cycle, CCEWs, the MJO, and land-atmosphere-ocean interaction.

• Tropical/Extratropical Interactions - It is well known that convective 
variability in the tropics influences mid-latitude weather and climate.  However, our predictions of 
the latter suffer due to poorly understood and simulated tropical convection.  Moreover, there are 
still significant questions regarding the manner that the extra-tropics influences convection in the 
Tropics.

US CLIVARUS CLIVAR
MJO WGMJO WG

UK UK CascadeCascade
US CMMAPUS CMMAP

Asian Monsoon YearAsian Monsoon Year

THORPEXTHORPEX



Overarching Goals

Through better understanding, improved data assimilation techniques/resources, 
and modeling capabilities, achieve significant gains in forecast skill by 2012 in:

• Short-to-Medium-range tropical weather forecasts, 
particularly disturbed conditions associated with organized 
convection.

• Extended-range/subseasonal forecasts of the MJO.

• Medium-to-extended range extratropical forecasts derived 
from improved tropical weather/climate and tropical-
extratropical interactions.

Courtesy A. Simmons & M. Miller



YoTC : Analyses & Forecasts

ECMWF:
T799 Analyses & 
10-day Forecasts

• Weather Analyses
• High-Res ICs & BCs
• Weather/Satellite 

Comparison

$ Source: NSF + ONR

Analogous Products  
Solicited from NCEP  
& NASA/MERRA



US CLIVAR MJO Working Group 
Operational MJO Forecasat Project

Acknowledgments:

WGNE

&

Jon Gottschalck and 
CPC/NCEP/NOAA

&

Contributing 
Operational Centers

Participants  to Date
•ECMWF 
•NCEP 
•CMC
•UKMO
•ABOM
•JMA
•CPTEC



JPL Tropical
Cyclone Portal

(Y. Chao)

May Need 
Modest Funding 

to Develop 
YoTC Database

Tropical
Cyclone 
Resource 



JPL Tropical
Cyclone Portal

(Y. Chao)

Tropical
Cyclone 
Resource 



Year of Tropical Convection

Requests for Help & Participation

• “Synoptic” documentation & assessments 
during focus year.

• Graduate student & postdoc Attention -
Training & Leadership Opportunity

• High-Resolution Model Participation
• Asian (local) Host Country/Institution for 

Implementation Planning Meeting in Late 
Fall ‘08 to be sponsored by  
WMO/WCRP/WWRP.



EERRRROORRSS

ForecastForecast
SimulateSimulate

AssimilateAssimilate

CompareCompare
WithWith

ObservationsObservations

ImproveImprove
Model, ICs,Model, ICs,

MethodsMethods

2008 2009

diurnal cycle, synoptic systems, 
intraseasonal, annual cycle, mean,

mesoscale-to-planetary-scale organization

YoTCYoTC

2010


