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••Emerging Data Sets for CharacterizingEmerging Data Sets for Characterizing
Tropical Convection and the MJOTropical Convection and the MJO

••US CLIVAR MJO Working GroupUS CLIVAR MJO Working Group

••Year of Tropical ConvectionYear of Tropical Convection



Emerging SatelliteEmerging Satellite
Datasets forDatasets for

CharacterizingCharacterizing
Tropical ConvectionTropical Convection

• AIRS - High Quality Tropospheric Sounder => T(p), q(p)

• GPS - High Vertical Res. T or q Soundings => BL Height

• MLS - Upper Trop. Sounder => T(p), q(p), Cloud Ice (p)
  CloudSat - Cloud Radar        =>                   Cloud Ice (p)



Atmospheric Atmospheric InfraRed InfraRed Sounder (AIRS)Sounder (AIRS)
Characterization of the MJOCharacterization of the MJO

tian et al. 2006

• AIRS is a temperature and humidity sounder on the Aqua EOS satellite
flying within the A-Train satellite constellation.

• AIRS provides twice daily coverage with xy-resolution of ~45km and z-
resolution of ~1-2km with T (q) data extending from the surface into the
stratosphere (to about ~200 hPa).  2378+ channels.

• Retrievals in areas up to 70% cloudy.  Systematic biases over land due to
emissivity challenges.

• The AIRS record now extends from Sept 2002, ~4.5 years.



 

Pressure-Longitude Diagrams of Temperature Anomaly Along Equator for the MJOPressure-Longitude Diagrams of Temperature Anomaly Along Equator for the MJO
TRMM Rainfall Anomaly Shown as Line Plot (right axis); Panels Separated by 10 DaysTRMM Rainfall Anomaly Shown as Line Plot (right axis); Panels Separated by 10 Days

 

AIRS NCEP/NCAR
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Vertical Profiles of Temperature Anomaly In the Indian & W.Pacific Ocean for the MJOVertical Profiles of Temperature Anomaly In the Indian & W.Pacific Ocean for the MJO

Indian Ocean Western Pacific Ocean

The plot on the left shows the profiles over the Indian Ocean for Lag + 2 pentads (disturbed) minus Lag -2
pentads (suppressed). The plot on the right shows the profiles over the western Pacific Ocean for Lag +4 pentads
(disturbed) - Lag 0 pentads (suppressed).

AIRSNCEP AIRS
NCEP



RMS DIFFERENCE BETWEEN AIRS & NCEP FOR MJORMS DIFFERENCE BETWEEN AIRS & NCEP FOR MJO

Averaged over 200-1000 hPa



  

Pressure-Longitude Diagrams of Water Vapor Anomaly Along Equator for the MJOPressure-Longitude Diagrams of Water Vapor Anomaly Along Equator for the MJO
TRMM Rainfall Anomaly Shown as Line Plot (right axis); Panels Separated by 10 DaysTRMM Rainfall Anomaly Shown as Line Plot (right axis); Panels Separated by 10 Days

AIRS NCEP/NCAR

-20 Days

-10 Days

0 Days

+10 Days

+20 Days



Relation Between TRMM Rainfall and Mid-TroposphereRelation Between TRMM Rainfall and Mid-Troposphere
Water Vapor Anomalies In the Indian Ocean for the MJOWater Vapor Anomalies In the Indian Ocean for the MJO

AIRS NCEP/NCAR

More Rain & Clouds
-> More Mid-Trop
Moisture : Expected

Less Rain & Clouds
-> Less Mid-Trop
Moisture : Expected

Unexpected Relation: Accentuated in Regions
with Sparse Operational Data
e.g., Indian Ocean

The data points plotted are based on a combination of the strongly disturbed (Lag 0 pentads) and strongly suppressed
(Lag -4 & +4 pentads) phases of the MJO (i.e. data from Lags -2 & +2 pentads are not included).



GPS Occultation ProfilesGPS Occultation Profiles

•• Active limb sounding, self-calibrating, with sub-km vertical resolution.Active limb sounding, self-calibrating, with sub-km vertical resolution.

•• Not affected by clouds or precipitation.Not affected by clouds or precipitation.

•• ~ 250 soundings per day per antenna per LEO~ 250 soundings per day per antenna per LEO

•• GPS/MET (1995-1997), CHAMP & SAC-C (2001-present), GRACE (2006-),GPS/MET (1995-1997), CHAMP & SAC-C (2001-present), GRACE (2006-),
COSMIC (2006-) [6 COSMIC (2006-) [6 s/c s/c constellation], METOP (2006?)constellation], METOP (2006?)

•• Accuracy:Accuracy:

T < 1 K at 8-25 kmT < 1 K at 8-25 km

q < 0.2-0.5 q < 0.2-0.5 g/kg g/kg above ~ 2 kmabove ~ 2 km

        <         < 1 1 g/kg g/kg below ~ 2 kmbelow ~ 2 km

•• Resolution:Resolution:

200 m vertical200 m vertical, 300 km , 300 km horizhoriz



Spatial/TemporalSpatial/Temporal
Coverage Coverage (~3500/day)

Daily coverage of 
CHAMP (green) 2001-
SAC/C (blue) 2001-
GRACE (purple) 2006-
COSMIC (red) 2006-

DiurnalDiurnal
CoverageCoverage

GPSGPS
OccultationOccultation

ProfilesProfiles



GPS OccultationGPS Occultation
Water Vapor - ProfilesWater Vapor - Profiles

Example: Example: GPS GPS vs vs NCEPNCEP

Use Max Vertical Gradient To Derive
Boundary Layer Depth



GPS OccultationGPS Occultation
Water Vapor Profiles -> BLDWater Vapor Profiles -> BLD

July/August 2006 Data -> BLD Climatology
Experimental and PreliminaryExperimental and Preliminary



Cloud Ice - a key attribute…
1) of clouds that arises from both large-scale and microphysical

processes
2) of climate that connects the water and (latent & radiative) energy

cycles in upper troposphere
3) of cloud modeling with significant uncertainties that impact the

evolution and characteristics of the precipitation and radiation
processes

4) that until recently had very few global observations.

CloudSatCloudSat

MLSMLS

CALIPSOCALIPSO



Modeling Implications: IPCC Modeling Implications: IPCC GCMsGCMs

Global Average
Precipitation
Multi-Model
Agreement to

within ~ +/-10%

Global Average
Precipitable Water

Multi-Model
Agreement to

within ~ +/-10%



ModelModel

Factor of ~7 DifferenceFactor of ~7 Difference

IPCC Models: Global Average Total Cloud IceIPCC Models: Global Average Total Cloud Ice

ModelModel

Factor of ~20 DifferenceFactor of ~20 Difference

IPCC Models: Global Average Total Cloud IceIPCC Models: Global Average Total Cloud Ice

Modeling Implications: IPCC Modeling Implications: IPCC GCMsGCMs

Global Average
Cloud Fraction

Multi-Model
Agreement to

within ~ +/-15%

These quantities have been measured and/orThese quantities have been measured and/or
constrained by a variety of satellite andconstrained by a variety of satellite and

other data sources for some time.other data sources for some time.

Global Average
Ice Water Path

Multi-Model
Agreement to

within ~ +/-120%
(or 50% w/o GISS)

Vertical profiles of IWC are not available.

This disagreement needs to be reduced.
So, where have the observations been?



ICE

LIQUID

ICE

RAIN

SNOW
MIXED

LIQUID

ICE

PreviousPrevious
estimates estimates ofof

IWCIWC have been have been
based on:based on:

In-Situ:In-Situ:  
Sparse in Time & Space
e.g. McFarquhar et al. 1999; 
Heymsfield et al. 2005

Nadir-Viewing Passive SatelliteNadir-Viewing Passive Satellite
Remote Remote Sensing:Sensing:
Path Estimate Only & Subject to
Considerable Uncertainty
e.g., Rossow and Gardner 1993

Easier

Diffic
ult

Multi-L
ayered

Or T
hick Clouds

Present P
roblems



Due to the complexDue to the complex
nature of thenature of the
problem, we need:problem, we need:

Radar:Radar:
Distinguishes particle type &
size along vertical profile.
CloudSat: ~June 2006 ->

Limb Sounding:Limb Sounding:
Can achieve vertical profiles via
passive techniques
MLS: August 2004 ->
With T(p), q(p)

  
  

  

  
  

ICE

LIQUID

ICE

RAIN

SNOW
MIXED

LIQUID

ICE



Upper-Tropospheric Upper-Tropospheric Cloud Ice: MLS Cloud Ice: MLS vsvs  ModelsModels

 

MLS VALUES

January 2005 or Climatological January Values (Li et al. 2005)

GEOS-5GEOS-5 Above models did not have theAbove models did not have the
benefit of MLS/Satellite cloud ice.benefit of MLS/Satellite cloud ice.

<---- GEOS-5 development did.<---- GEOS-5 development did.

However, to be moreHowever, to be more  quantitative,quantitative,  a host ofa host of

sampling conditions need to be consideredsampling conditions need to be considered



small black dots:
-measurement tracks

colored dots:
-non-zero individual IWC
measurements

MLS IWC at 147 MLS IWC at 147 hPa hPa for January 2for January 2ndnd 2005 2005
~1:30 PM~1:30 PM

~1:30 AM~1:30 AM
IWC amounts divided by the total number of measurements

(including cloud free conditions) at each 4°× 8° lat-lon MLS grid.



Cloud Ice: MLS Cloud Ice: MLS vsvs  ECMWF AnalysesECMWF Analyses

MLS Orbits + Retrievals

147 147 hPahPa; Jan 2, 2005; Jan 2, 2005

MLS Averaged to 4x8 Grid

ECMWF Averaged to 4x8 GridECMWF Sampled Along Track

30R1



MLS MLS vsvs  sampledsampled ECMWF Analyses ECMWF Analyses
Aug 2004 - Jul 2005; PDF of Instantaneous ValuesAug 2004 - Jul 2005; PDF of Instantaneous Values

MLS Sensitivity

Low value representation needs to be accounted for.
ECMWF and MLS disagree at high values.

CALIPSO & CloudSat will provide low+high value data

30R1



MLS MLS vsvs  sampled, Filteredsampled, Filtered ECMWF Analyses ECMWF Analyses
Aug 2004 - Jul 2005; 147 Aug 2004 - Jul 2005; 147 hPahPa 30R1

Generally ECMWF < MLS 
Evidence of Circulation Dependent Biass



Operational Versions

•• OLD OLD : 30R1: up to Sep 12th 2006 (ECI).

•• NEWNEW  : 31R1: starting operational on Sep 13th 2006.

The changes in the moist processes are:

a) New parameterization to allow ice-phase supersaturation

a) Revised ice crystal sedimentation and snow
autoconversion

Recent Updates toRecent Updates to
ECMWF Forecast System - motivatedECMWF Forecast System - motivated

in part by in part by mls iwc mls iwc comparisonscomparisons
Moist Package Revisions



Cloud Ice Values  & Impact onCloud Ice Values  & Impact on
ECMWF Integrated Forecasting SystemECMWF Integrated Forecasting System

MLSMLS CloudSatCloudSat

ECMWF_OLDECMWF_OLD ECMWF_NEWECMWF_NEW

Data are all from Jul07-Aug13, 2006 @ ~ 14kmData are all from Jul07-Aug13, 2006 @ ~ 14km

% change =>
In the RightIn the Right
DirectionDirection



Cloud Ice Values  &Cloud Ice Values  &  MMFsMMFs
ANNUALANNUAL  MEANSMEANS

CSUMMFCSUMMF

fvMMFfvMMF

ECMWFECMWF

MLSMLS



Observational Sensitivity & Model RepresentationsObservational Sensitivity & Model Representations
(falling and/or floating - what is measured/modeled?)(falling and/or floating - what is measured/modeled?)

Graupel

Ice

Snow

fvMMF



Data Summary:Data Summary:

there are a number of new satellitethere are a number of new satellite
datasets that offer altogether newdatasets that offer altogether new
opportunities for characterizing tropicalopportunities for characterizing tropical
convection/clouds, And Reducing Modelconvection/clouds, And Reducing Model
Uncertainties.Uncertainties.

Switch Gears to MJO Working GroupSwitch Gears to MJO Working Group……Building aBuilding a
Framework to Utilize these ObservationsFramework to Utilize these Observations



US CLIVAR MJO Working Group:US CLIVAR MJO Working Group:
MJO Simulation MetricsMJO Simulation Metrics

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



MembershipMembership
& Terms of& Terms of
ReferenceReference

InternationalInternational
participation isparticipation is

facilitated/facilitated/
supported bysupported by
InternationalInternational

CLIVARCLIVAR

Link to
Metrics



Near-Term GoalsNear-Term Goals

1)1) Develop MJO WG Web Site.  Develop MJO WG Web Site.  DONEDONE

2)2) Metrics for Assessing/Diagnosing ModelMetrics for Assessing/Diagnosing Model
Simulations of the MJO.    Simulations of the MJO.    NEARLY DONENEARLY DONE

3)3) Prediction Targets and Metrics for MJOPrediction Targets and Metrics for MJO
Forecasts.   Forecasts.   STARTEDSTARTED

4)4) Using the Above, Develop an Experimental/Using the Above, Develop an Experimental/
Diagnostics Theme for Modeling/Predicting theDiagnostics Theme for Modeling/Predicting the
MJO in Conjunction With a Workshop. MJO in Conjunction With a Workshop. HORIZONHORIZON

 US CLIVAR: MJO WORKING GROUPUS CLIVAR: MJO WORKING GROUP



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



Web SiteWeb Site
ResourcesResources

Past ReportsPast Reports
ReferencesReferences

LinksLinks



Web SiteWeb Site
MetricsMetrics

GeneralGeneral
StrategyStrategy

&&
DescriptionDescription



Web SiteWeb Site
MetricsMetrics

Recipe forRecipe for
CalculatingCalculating

MetricsMetrics
________________________

Plan To MakePlan To Make
CalculationCalculation

Codes AvailableCodes Available



Web SiteWeb Site
MetricsMetrics

Plan To MakePlan To Make
The ActualThe Actual

Map/Plot DataMap/Plot Data
AvailableAvailable

________________________

SummarizeSummarize
ResultsResults

in a Journalin a Journal
ArticleArticle



Web SiteWeb Site
MetricsMetrics

EquatorialEquatorial
Space-TimeSpace-Time

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

NCEP1,NCEP1,
NCEP2,NCEP2,

&& ERA40 ERA40

NCEP1NCEP1

ERA40ERA40



Web SiteWeb Site
MetricsMetrics

Time SeriesTime Series
 Spectra Spectra

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

InterestInterest

OLR-IO

U850 - EP



Web SiteWeb Site
MetricsMetrics

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



Web SiteWeb Site
MetricsMetrics

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)



Web SiteWeb Site
MetricsMetrics

ImportantImportant
Mean StateMean State
QuantitiesQuantities

Mean SSTMean SST

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



• Similar Considerations as with Simulations Metrics
• Connect to the Simulation Metrics As Much as Possible
• Real-time Constraints Introduce Challenges in Identifying the MJO
• Less Groundwork to Rely On - Will Need to Entrain Operational Weather and

Seasonal Forecast Expertise.
• Dissemination - Similar to Simulation Metrics

MJO Forecast MetricsMJO Forecast Metrics

Metrics to Assess in Common Terms MJO Forecast Skill/Predictability
and Prediction Targets Focused on Users and Applications

Hope to be here byHope to be here by
SummerSummer



• New Thinking:
 Multi-scale structure, Emphasis on Vertical StructureMulti-scale structure, Emphasis on Vertical Structure
Analysis, Utility of Forecast Framework, A Bridge BetweenAnalysis, Utility of Forecast Framework, A Bridge Between
Weather-ClimateWeather-Climate

• New Tools & Resources:
New Era of Satellite Observations, GOOS/IO Array, Multi-New Era of Satellite Observations, GOOS/IO Array, Multi-
Scale Modeling.Scale Modeling.

• Principle Focus Areas:
----> Metrics Application & Vertical Structure ->----> Metrics Application & Vertical Structure ->
-> Experimental Framework for Multi-Scale Models  --->-> Experimental Framework for Multi-Scale Models  --->
-> Experimental Framework for Forecast Experiments --->-> Experimental Framework for Forecast Experiments --->

Proposed Workshop ThemeProposed Workshop Theme
New Thinking, Tools & ResourcesNew Thinking, Tools & Resources for Assessing & for Assessing &
Improving simulations and forecasts of the MJOImproving simulations and forecasts of the MJO

-> CMMAP INPUT WELCOME-> CMMAP INPUT WELCOME

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



And now for aAnd now for a
Broader ContextBroader Context



A recommendation from the THORPEX/WCRP/ICTP Workshop on Organization and
Maintenance of Tropical Convection and the MJO, in Trieste, March 2006.  If implemented in
2008/9, this would be  a WCRP/THORPEX contribution to the UN Year of Planet Earth.

A Joint WCRP/THORPEX Proposed Activity

Year of coordinated Observing,Year of coordinated Observing,
modeling and Forecasting:modeling and Forecasting:
Addressing the Challenge ofAddressing the Challenge of
Organized Tropical ConvectionOrganized Tropical Convection

AKA : Year of Tropical Convection (YOTC)AKA : Year of Tropical Convection (YOTC)



Our shortcomings in tropical convection severelyOur shortcomings in tropical convection severely
limit the representation of key physics in weather &limit the representation of key physics in weather &
climate modelsclimate 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
Rossby WavesRossby Waves

MJOs

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



Mean Asian Summer (May-Sep) Monsoon Rainfall

New and/or consolidated approaches are needed, approaches that areNew and/or consolidated approaches are needed, approaches that are
able to coordinate and focus the vast new resources developed inable to coordinate and focus the vast new resources developed in
recent years .  Past attempts included programs such as recent years .  Past attempts included programs such as GATE, FGGE &GATE, FGGE &
TOGA COARETOGA COARE..

Our new approaches should Our new approaches should combine the strengthscombine the strengths of such  efforts of such  efforts
with our vastly expanding observational infrastructure & thewith our vastly expanding observational infrastructure & the
tremendous gains seen in computational power.tremendous gains seen in computational power.

Observations 
Global Atmospheric
Models  

Waliser et al., 2003



The past 10-15 years have marked extraordinary gains in
observations, modeling and technological infrastructure.
In particular:

Significant Advances in Resources Significant Advances in Resources 

••Substantial progress Towards Substantial progress Towards GOOSGOOS
••  Established Established Enhanced In-SituEnhanced In-Situ Observational Sites Observational Sites
••Arrival of EOS-eraArrival of EOS-era of Satellite Observations of Satellite Observations
  The Tropical The Tropical Atmos-Ocean-Land Atmos-Ocean-Land System hasSystem has  never been so well observed.never been so well observed.

•• Arrival of  Arrival of Global Cloud-system Global Cloud-system ““ResolvingResolving”” Models Models

 we have come to appreciate in many cases:
••Short-term weather errors <-> Long-term climate biasesShort-term weather errors <-> Long-term climate biases
These advances in resources, technology and thinking need
to be, woven together to maximize return on investment.



Progress towards  GOOSProgress towards  GOOS

PIRATA



Enhanced In-situEnhanced In-situ
Observation ProgramsObservation Programs

GEWEX/CEOP
ARM TWP



Arrival of the EOS-era of Satellite ObservationsArrival of the EOS-era of Satellite Observations

TOPEX: sea surface height
QuickScat: ocean surface winds
TRMM: precipitation 
TMI: sea surface temperature w/clouds
AIRS: temperature and water vapor profiles
CloudSat: cloud profiles
Calipso: aerosol/thin-cloud profiles
AMSRE: ocean precip, water vapor, liquid water
MLS: upper tropospheric water vapor, cloud ice, temperature
CERES: TOA and surface radiative fluxes
MODIS: cloud characteristics, ocean color, land characteristics
AURA platform: atmospheric composition/chemistry
MISR: aerosol and cloud structure

COARE: 120-day  IOP
         ~6000 soundings

Merely a sample, consider where we
were 10-15 years ago…

Tropical Soundings:
AIRS: ~100,000/day
CloudSat: ~90,000/day



Global Cloud-system  ResolvingGlobal Cloud-system  Resolving Models Models

Far from a single enterprise anymore…

A CRM

MMF; “superparameterization”

A CRM

A GCM cell

Rossby Rossby radiusradius
~100km~100km4km4km

DARE

Courtesy Kuang

@ CSU, LLNL, GSFC & PNNL@ CSU, LLNL, GSFC & PNNL

Courtesy Satoh Frontier Research Center for Global ChangeFrontier Research Center for Global Change
NCAR 

 CHANNEL 
Model”



CAPT* ProjectCAPT* Project  runs climate models in weather forecast moderuns climate models in weather forecast mode
Perfectly suited to a “focus year” Approach

NCAR Day 3 Precipitation ErrorNCAR Day 3 Precipitation Error
for DJF 1992-93for DJF 1992-93

*The CAPT project is a joint project at LLNL of the DOE CCPP and ARM Programs

Courtesy S. Klein

Short-term weather errors <-> Long-term climate biasesShort-term weather errors <-> Long-term climate biases

NCAR Precipitation ErrorNCAR Precipitation Error
for DJF Climatologyfor DJF Climatology



Year of Coordinated Observing, Modeling
and Forecasting Of Tropical Convection

Proposal: Focus Year of Observation, Modeling & Prediction.
Timeframe:  ~2008 for ~ 1 Year
Region: ~ 40N - 40S : tropical-extratropical interests may warrant extending this.
Time Scales: Diurnal to Seasonal.
Case Study with Detailed Analyses, Modeling & Forecasting.
Central Repositories of in-situ, satellite & model data to store/disseminate data.
Leverage/Coordinate existing resources.

Motivation
Leveraging the vast new observational datasets and computational

resources in conjunction with new / high-resolution modeling frameworks
to better characterize, understand, model and forecast multi-scale

convective processes / dynamical interactions.



Year of Coordinated Observing, Modeling
and Forecasting Of Tropical Convection

Fundamental Science Questions

• What are the most crucial elements of the large-scale circulation
that influence the development, organization and maintenance of
tropical convection?

• Under what circumstances and with what mechanisms is energy
and momentum transferred between the convective, mesoscale,
synoptic scale, and the large/planetary scale?

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



Year of Coordinated Observing, Modeling
and Forecasting Of Tropical Convection

Potential Target Phenomena

• Madden-Julian Oscillation (MJO)-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.

• Convectively Coupled Waves (CCWs) - Considered to be important building
blocks of tropical convective variability and its organization (including the MJO), it is essential that
such fundamental modes of variability be properly represented in our weather and climate models.

• Easterly Waves - An important triggering mechanisms for tropical storms and cyclones, this
organizing mechanism is crucial for properly forecasting high impact events as well as simulating an
important land-atmosphere-ocean interaction and its impact on mean state features (e.g., ITCZ).

• 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, CCWs, the MJO, and land-atmosphere-ocean interaction.



Year of Coordinated Observing, Modeling
and Forecasting Of Tropical Convection

Overarching Goals
Through better understanding, improved data assimilation techniques/resources,
and modeling capabilities, achieve significant gains in forecast skill by 2010 in:

• 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



Year of Coordinated Observing, Modeling
and Forecasting Of The Tropics

Resources / Implementation

Research Agenda
• A set of “Target Phenomena” working groups and a series of international

workshops designed to identify the most pressing and tractable problems from
the Focus Year, design and coordinate activities, share modeling strategies and
successes, report results, and iterate on additional problems or future Years.

Observations
• Traditional aspects of the operational in-situ and satellite network.
• The wide array of new, research-oriented satellite missions.
• Time-scale relevant aspects of the GOOS (e.g., buoy arrays, drifters, floats),
• Enhanced in-situ measurement programs (e.g., ARM, GEWEX/CEOP)
• IOPs of opportunity (e.g., AMMA, VOCALS, TACE, T-PARC)



Year of Coordinated Observing, Modeling
and Forecasting Of The Tropics

Resources / Implementation, Continued

Modeling & Forecasts
• THORPEX Interactive Grand Global Ensemble (TIGGE). Examine forecast

error growth to investigate model parameterization shortcomings as well as
initial condition errors, with special emphasis on identified cases/events.

• A variety of research-oriented multi-scale simulation/hindcast modeling
components (e.g., global and regional CRM, MMFs, channel models, AGCMs,
CGCMs).  Improving understanding and modeling of multi-scale organized
convection, and transitioning knowledge into improved parameterizations and
forecasting capability.

Potential/Additional Data Archiving/Dissemination Resources
• Multi-Component: WIS - WMO Information System
• Field Programs: NCAR/EOL - formerly JOSS
• Satellite: NASA GES DISC (e.g., Giovanni, ATDD)
• Analyses & Forecasts: TIGGE Archive Centers - ECMWF, CMA, NCAR



Year of Tropical ConvectionYear of Tropical Convection
Development & Tentative TimeLine

Stems from WCRP-THORPEX Joint Efforts/Discussions on Tropical ConvectionStems from WCRP-THORPEX Joint Efforts/Discussions on Tropical Convection

< WCRP-THORPEX Sponsored

e.g., CLIVAR, USCLIVAR, GEWEX/CEOP, NCAR/NSF/Tiimes, WGNE,
NASA, EOL, ARM, NERC , NSF, NOAA/NCEP, TIGGE/THORPEX

< Present Efforts

$ Meetings >

< $$ Data Support
TIGGE, Satellite, Field

$$$ Research Support >



EERRRROORRSS

ForecastForecast
SimulateSimulate

AssimilateAssimilate

CompareCompare
WithWith

ObservationsObservations

ImproveImprove
Model, ICs,Model, ICs,

MethodsMethods

2007 2008 2009

diurnal cycle, synoptic systems, 
intraseasonal, seasonal, 

mesoscale-to-planetary-scale organization

Year ofYear of
CoordinatedCoordinated

Observing,Observing,
Modeling andModeling and

Forecasting Forecasting OfOf
TropicalTropical

ConvectionConvection

2010


