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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



USUS  CLIVAR Established MJO Working GroupCLIVAR Established MJO Working Group

InternationalInternational
participation isparticipation is

facilitated/facilitated/
supported bysupported by
InternationalInternational

CLIVARCLIVAR



1)1) Develop MJO WG Web Site.  Develop MJO WG Web Site.  Done.Done.
Diagnostics Link, Meeting & Diagnostics Link, Meeting & Telecon Telecon Updates, Theme PagesUpdates, Theme Pages

2)2) Diagnostics for Diagnostics for Asessing Asessing Model Simulations ofModel Simulations of
the MJO.the MJO.  Tracking Progress has Been Difficult.Tracking Progress has Been Difficult.
Done. Journal Article Forthcoming. (WG - Lead)Done. Journal Article Forthcoming. (WG - Lead)

3)3) Diagnostics Application to Models. Diagnostics Application to Models. Analysis andAnalysis and
Journal Article Underway - (D. Kim and WG Lead).Journal Article Underway - (D. Kim and WG Lead).

4)4) Prediction Targets and Metrics for MJOPrediction Targets and Metrics for MJO
Forecasts.Forecasts.  Designed, NowDesigned, Now  Being Implemented.  BAMS-like ArticleBeing Implemented.  BAMS-like Article
Planned.Planned.

5)5) Workshop/Experimentation Planning. Workshop/Experimentation Planning. Done -Done -
November 2007, Irvine, CA.November 2007, Irvine, CA.

Goals/Progress: SummaryGoals/Progress: Summary



Web SiteWeb Site
ResourcesResources

Theme PagesTheme Pages
&&

WG ActivitiesWG Activities



MJO Weather-Climate Theme PagesMJO Weather-Climate Theme Pages

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



Link to
Diagnostics

Web SiteWeb Site
DiagnosticsDiagnostics



MJOMJO
DiagnosticsDiagnostics

GeneralGeneral
StrategyStrategy

&&
DescriptionDescription



MJOMJO
DiagnosticsDiagnostics

Recipe forRecipe for
CalculatingCalculating
DiagnosticsDiagnostics
________________________

CalculationCalculation
Codes AvailableCodes Available



MJOMJO
DiagnosticsDiagnostics

Plan To MakePlan To Make
The ActualThe Actual

Map/Plot DataMap/Plot Data
AvailableAvailable

________________________

Results to beResults to be
SummarizedSummarized
in a Journalin a Journal

ArticleArticle



MJOMJO
DiagnosticsDiagnostics

EquatorialEquatorial
Space-TimeSpace-Time

 Spectra Spectra
U, Rain, OLRU, Rain, OLR
________________________

NCEP1,NCEP1,
NCEP2,NCEP2,

&& ERA40 ERA40

NCEP1NCEP1

ERA40ERA40



MJOMJO
DiagnosticsDiagnostics

Time SeriesTime Series
 Spectra Spectra

U, Rain, OLRU, Rain, OLR
________________________
Domains ofDomains of

InterestInterest

OLR-IO

U850 - EP



MJOMJO
DiagnosticsDiagnostics

Life-CycleLife-Cycle
CompositesComposites

U, Rain, OLR, SLP, SFU, Rain, OLR, SLP, SF

RainfallRainfall

U850U850

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



MJOMJO
DiagnosticsDiagnostics

Life-CycleLife-Cycle
3D Composites3D Composites

T, Q, U, WT, Q, U, W

SpecificSpecific
HumidityHumidity

(x,p)(x,p)

Zonal Zonal 
WindWind
(x,p)(x,p)



MJOMJO
DiagnosticsDiagnostics

ImportantImportant
Mean StateMean State
QuantitiesQuantities

Mean SSTMean SST

Mean Zonal Wind ShearMean Zonal Wind Shear Mean 850 hPa Zonal WindMean 850 hPa Zonal Wind



MJO Model Diagnostics: Application to MJO Model Diagnostics: Application to GCMsGCMs
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Sperber et al. (2005)20 years
Mass flux
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ure Nordeng 1994)

ECHAM4
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Mass flux
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Mass flux
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Moorthi and Suarez 1992)

Mass flux
(Hong and Pan 1998)

Cumulus parameterization
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1DEC2005
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01DEC1993-3

0NOV2005

19 years
01OCT1985-2

5SEP2005

20 years

20 years

Integration

Neale et al. (2007)CAM3.5
- NCAR

To be documentedGEOS5
- NASA

Khairoutdinov et al.
(2005)

SPCAM
- CSU

Delworth et al. (200
6)

CM2.1
- GFDL

Wang et al. (2005)CFS
- NCEP

ReferenceModel

Climate models

*flux adjustment for heat and fresh water

 NCEP: Wanqiu Wang
 PCMDI: Kenneth R. Sperber
 GFDL: Bill Stern
 CSU: Marat Khairoutdinov, David A. Randall
 NASA/GSFC: Myong-In Lee, Max J. Suarez
 CAM3.5: Richard B. Neale
 SNU: In-Sik Kang



Variance Map DiagnosticsVariance Map Diagnostics

Variance of 20-100 day filtered precipitation (Nov-Apr)

Unit [mm2/day2]

*muliplied by 100

*Contour: 60, 80

Variance Map

PRCP



Equatorial space-time power spectrum (Nov-Apr)

Unit [mm2/day2]
*multiplied by 100
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Frequency-wave spectra diagnosticsFrequency-wave spectra diagnostics

Frequency-Wave

PRCP



Lag - Correlation DiagnosticsLag - Correlation Diagnostics

U850: Lag-correlation diagnostics (Nov-Apr)

*Shading: 95% sig.
*Line: 5m/s



Developing an MJO ForecastDeveloping an MJO Forecast  MetricMetric

Mode 1Mode 1
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Implementing the Implementing the MJO Forecast MetricMJO Forecast Metric
Into the Operational EnvironmentInto the Operational Environment

• This metric is now in use or will be adopted
by a number of operational weather forecast
centers (e.g., ECMWF, US, Canada, UK,
Australia).

• 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.
Based on Wheeler & Hendon 2004Based on Wheeler & Hendon 2004

http://www.cdc.noaa.gov/MJO/Forecasts/index_phase.html

AnalysisAnalysis

ForecastsForecasts



The outlook for MJO-BasedThe outlook for MJO-Based
Environmental Predictions isEnvironmental Predictions is

Continuing to ImproveContinuing to Improve

Day
1-10

Day
11-20

Day
21-30

While Challenges RemainWhile Challenges Remain…………
Based on growing Based on growing awareness, interest,awareness, interest,
resources & capabilities:resources & capabilities:

http://www.usclivar.org/Organization/MJO_WG.htmlhttp://www.usclivar.org/Organization/MJO_WG.html


