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The A-Train
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CHARACTERIZIING

TROPICAL COlIVECTION

* 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)
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» 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 (g) data extending from the surface into the
stratosphere (to about ~200 hPa). 23°7/8+ channels.

 Retrievals 1n areas up to 70% cloudy. Systematic biases over land due to
emissivity challenges.

* The AIRS record now extends from Sept 2002, ~4.5 years.
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IPCC Models: Global Average Cloud Fraction
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This disagreement needs to be reduced.
So, where have the observations been?
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JANUARY 2005 OR CLIMATOLOGICAL JANUARY VALUES (LI ET AL. 2005)
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Metrics [NPERNATIONAL
Terms of Reference

Develop a set of metrics to be used for assessing MJO simulation fidelity and forecast skill.

Develop and coordinate model simulation and prediction experiments, in conjunction with model-data comparisons,
which are designed to better understand the MJO and improve our model representations and forecasts of the MJO.

Raise awareness of the potential utility of subseasonal and MJO forecasts in the context of the seamless suite of
predictions.

Help to coordinate MJO-related activities between national and international agencies and associated programmatic
activities.

Provide guidance to US CLIVAR and Interagency Group (IAG) on where additional modeling, analysis or
observational resources are needed.
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MJO & Weather-Climate Interactions

MJO Overview (coming soon for now see links)
MJO Weather Climate Interactions

NSO

Austratian Monsoon
Hignh Latitude VWeatner

Seoan Ciompha WEB SITE
e — =

Atmospheric Angular Momentum and Length of Day E S O U R C E S

MEETINGS

Relevant Science Meetings and Workshops

Workshop on the Organization and Maintenance of Tropical Convection and the Madden Julian TH VIt PAGES
Oscillation 13-17 March 2006 (Trieste, ltaly) 8C
Diagnosing, Modeling and Forecasting Subseasonal Atmospheric Variability, AGU, 23-25 May

2006(Balitmore, MD)
Tropical Convection and The Weather Climate Interface 10-14 July 2006 (NCAR - Boulder, CO) WG ACTIVITI ES

MJO WG meeting 24-25 July 2006 (Breckenridge, CO - prior to the U.S. CLIVAR Summit)

Celebrating the Monsoon 24-28 July 2007 (Centre for Atmospheric & Oceanic Sciences Indian Institute of
Science - Bangalore)

3rd WGNE Workshop on Systematic Errors in Climate and NWP Models 12-16 Feb 2007 (San Francisco,
CA)

Working Group Meetings/Teleconferences

Teleconference Agenda (pdf) and Minutes (pdf) from 3 May 2006
Teleconference Agenda (pdf), Minutes (pdf) and Attachment 1 (pdf) from 31 May 2006
Teleconferece Minutes (pdf) and Attachment (pdf) from 27 June 2006
Teleconference Minutes (pdf) from 18 July 2006
MJO Metrics (26 July 2006) (pdf)
1st MJO WG Meeting (July 2006) at the U.S. CLIVAR Summit
o Climate Weather Interface presentation by A. Ray(pdf)
o Experimental Global Tropics Benefits/Hazards Assessment presentation by W. Higgins(pdf)
o MJO Simulation Metrics - Summary to Date (pdf)
o Summary presentation of WG Activities at US CLIVAR Summit (pdf)
Teleconference Agenda (pdf), Minutes (pdf) and Draft Metric Calculations (pdf) from 16 October 2006
Teleconference Minutes (pdf), Attachment (ppt) and Draft Metric Website from 29 November 2006
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MJO Weather-Climate Interactions

The MJO and Hurricanes:

Could MJO Predictions Help Forecast Periods of Enhanced Hurricane Activity?

Motivation

The MJO produces a strong modulation of tropical cyclone activity in many regions of the tropics, including the
Atlantic Ocean, Gulf of Mexico, and east Pacific Ocean. The MJO is associated with variations in sea surface
temperature, organized precipitation, low-level winds, vertical wind shear, and atmospheric humidity and temperature,
important factors in tropical cyclone formation and maintenance. Forecasts of the MJO at 2-3 week lead times might
aid in forecasting periods of enhanced tropical cyclone formation.

Research Summary

Tropical cyclogenesis preferentially occurs during certain phases of the MJO. Figure 1 shows the composite eastward
propagation of Northern Hemisphere summer velocity potential and tropical cyclone genesis locations associated with
the MJO during 1979-1997 (adapted from Higgins and Shi [2001]). Green areas indicate anomalous upper level
divergence, where precipitation is enhanced and tropical cyclogenesis preferentially occurs. Brown areas indicate
anomalous upper level convergence, where precipitation and tropical cyclogenesis are suppressed. One notable feature
is the enhancement of tropical cyclogenesis in the Americas during periods of enhanced upper level divergence and
enhanced precipitation (e.g. Day 0 and Day +5 of Figure 1). For example, an analysis during 1949-1997 indicates that
the MJO strongly modulates Gulf of Mexico and Caribbean Sea hurricanes and tropical storms (Figure 2, adapted
from Maloney and Hartmann 2000). Gulf of Mexico and Caribbean Sea hurricanes are four times more likely to occur
when the MJO is producing enhanced precipitation and divergent upper level winds than when precipitation is
suppressed and upper level winds are convergent. The modulation of major hurricanes (Categories 3-5) by the MJO is
even more pronounced. Similarly, when the divergent (convergent) phase of the MJO is located over the Indian or
west Pacific Ocean, typhoon activity in increeased (decreased).

A ERAEGEIVIAREEEME PAGES

EXANVIPEESVI@ S FIURRICGANES
By BRI VIAE@NIEY

Figure 1.

Composite Evolution of 200-WPa Veloclty Potentiol Anomates (10%w's) end
points of origin of opical systems et developed nto huricones / typhosss

\‘
L W/

ude

G oSN E o s UGN S o s Uk B o UBEB s s RS BYY

2 o Easterly
S Phase o
’ < //;‘
-
- a4

Longitude

Adapted from Higgins and Shi (2001)

Maloney and Hartmann (2000)

Implications

Given the evidence that the MJO is predictable with 2-3 week lead-times, periods of enhanced or suppressed
hurricane activity may be predicted at similar lead times. Such knowledge would have implications for public safety,
energy production, recreation/tourism, among other interests.

Future Work
Two avenues of further investigation include: 1) understanding how the MJO modulates hurricane activity, and 2)

determining whether 2-3 week predictions of the MJO can be used to predict periods of enhanced tropical cyclone
activity.
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DOCUMENTS

MJO Working Group Proposal (pdf)

MJO Working Group Prospectus revised Spring 2006 (pdf)

BAMS report from ENSO-MJO workshop (pdf)

Report from NASA subseasonal workshop (pdf)

Report from NASA/USCLIVAR MJO workshop (pdf)

Report from ECMWF-MJO workshop

The Experimental MJO Prediction Project (pdf)

Report from the Trieste Organized Convection/MJO Workshop (pdf)
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Madden Julian Oscillation (MJO) Metrics

An activity led by US CLIVAR and supported by International CLIVAR

Introduction Description Observations | Simulations

DESCRIPTION

LEVEL 1

LEVEL 2 .

OTHER

Description

This section describes the metrics developed by the US CLIVAR MJO Working Group for assessing the fidelity of the simulatior
Madden-Julian Oscillation and the boreal summer intraseasonal oscillation in climate models. For brevity, the term MJO will be u
includes the broader category of eastward (and northward) intraseasonal oscillations that occur on time scales of 30-70 days. Th
metrics was a protracted procedure carried out by the MJOWG, with exhaustive sensitivity tests using observational data to assess
for such issues as stratifying the analysis by season, domains for analysis, the need (or lack thereof) of using tapering or de-t
analysis, developing simple methods for assessing statistical significance etc.

The information and discussion below are meant to provide a brief description of the metrics chosen and the specific steps used
and in some cases the motivation for these choices and steps. The metrics are categorized into two levels of increasing complexity:

Level 1: These metrics are meant to provide a basic indication of the spatial and temporal intraseasonal variability that can be cas
calculated by the non-MJO expert. Ease of use dictated that the analytic procedures be as simple as possible and as similar as pos§
winter calculations. These metrics include assessing variance in preferred frequency bands, spectral analysis over key domains
orthogonal function (EOF) analysis of bandpass filtered data, statistical significance assessment of the EOFs, and lead-lag assess
intraseasonal principal component (PC) time series. Variables include OLR, precipitation and zonal wind at 850 and 200 hPa
discussion.

Level 2: These metrics provide a more comprehensive diagnosis of the MJO through multivariate EOF analysis and freg
decomposition. Sensitivity tests indicated that the multivariate EOF analysis could be performed on data encompassing the full
compromise in capturing the more complex intraseasonal variations that occur during the boreal summer (e.g., including the nort}]
convection that occurs over the Asian monsoon domain). The dominant intraseasonal PC's are also used to generate composites
MIJO life-cycle (alternatively, they can be used in lag regression to assess the mechanisms of MJO variability), and coherence-square]
the PC's are calculated to determine the fidelity of the eastward propagation. Multivariate EOF analysis is based on OLR and zonal
hPa. However, a number of other variables are included in life cycle composites and mean field descriptions. See more specific disd

General: For both level 1 and level 2 metrics, unfiltered anomalies are computed by subtracting the climatological daily (or penta
means calculated using all years of the data. The 20-100 day filtering discussed below is based on applying an 201-points Lancz(
while the EOF analysis is performed on 20-100 day filtered data, the statistical significance of the EOFs is assessed by projecting the]
(with only the seasonal cycle removed) back on to the EOFs to ascertain the significance of spectral peaks at intraseasonal time scall
background. Note that when the EOF analysis is applied to models, one can calculate and examine the EOFs of the model data di
recommended that the bandpass filtered anomalies from the models be projected onto the observed modes of variability to assesq
simulates the observed MJO. For these metrics, the seasons have been defined as: 1) boreal summer is May through October, a
November through April. For some metrics, computations are performed for specific domains of interest. These domains are givg
were determined from examination of the VARIANCE MAPS to isolate regions where the observed variability is large. Finally, fo
unless otherwise noted, no windowing/tapering or de-trending was applied.

WEB SIiE
METRIGS

CENERAL
SITRATEC(
&
DESCRIPTION |
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VIENRIGS

DESCRIPTION
Description - Level 2 Metrics
LEVEL 1

LEVEL 2

-, 1) FREQUENCY-WAVE SPECTRA
o RECIPE FOH
a) Using data averaged between 10°N-10°S, separate the data into_individ alendar years, remove the time mean from each
frequency-wavenumber for each year of data, and average the C ALC U L ATI N G
b) Same as a), except stratifying by season. Figures
WIETRICS

2) COMBINED EQFs.
i) Average the 20-100 day filtered anomalies (all the data, not seasonally stratified) of OLR, u850, and u200 between 15°N-15°S.

ii) Normalize cach of three ficlds separately by the square-root of the zonal mean of their temporal variance at cach longitudinal poi

iii) Considering all three fields together, compute the combined EOF of the data. Figures P LAN TO M AKE

iv) Compute the variance explained in the normalized data set by each of the EOF modes as well as the variance explained in thg
(i.e. filtered anomalies) by each of the EOF modes. C ALC U LATI O N

v) Compute the variance explained by each of the three input fields for each EOF mode. C O D E S AV AI L AB LE

vi) Calculate the lag correlation between PC-1 and PC-2 as in level 1 metrics 4a. Figures

vii) Assess the statistical significance of the EOF's as described in General. Figures

viii) Compute the mean coherence? and phase of PC-1 and PC-2. Figures

3) LIFE-CYCLE COMPOSITES.

i) Identify MJO events through plots of PC-1 vs. PC-2 from the combined EOFs. Specifically, select points exceeding a root-mear
[i.c. sqrt(PC-12 + PC-22) > 1].

ii) Based on a two dimensional phase diagram of PC-1 and PC-2 (Figures), define eight different phases of the MJO and generatd
spatial composites of the selected points according to these phases. Figures
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Observations - Level 2 metrics figure tables

1) FREQUENCY-WAVE SPECTRA (see Description)

a) Annual data
OLR PRCP U200 usso Usfc
All season sptectra (with annual cycle)
CMAP NCEP1 NCEP1
AVHRR TRMM NCEP2 NCEP2 NCEP1
GpCP ERA40 ERA40
b) Seasonally stratified data
OLR PRCP U200 usso Usfc
Seasonally stratified spectra (Winter : November to April, without annual cycle)
AVHRR NCEP1
CMAP NCEP1 NCEP1
AVHRR TRMM NCEP2 NCEP2 NCEP1
GPCP ERA40 ERA40

2) COMBINED EOQOFs (see Description)
a) Combined EOFs
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Equatorial Space—Time Spectra

8 U850 (NCEP1), November—April without annual cycle
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Equatorial Space—Time Spectra

8 UB50 (ERA40D), November—April without annual cycle
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power x frequency

power x frequency

AVHRR, 75E—100E, 5N—10S, Winter
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Table 1. Domains for time series power spectra metrics

[NFFEREST

103-5N,
75-100E

Precipitation

Boreal Winter (November to April)

108-5N,
75-100E

1.25°3-16.25°8,
68.75°E-96.25°E

3775N-21.25N,
56.25E-78.75E

208-58,
160E-185E

203-58,
160E-185E

1.25°N-13.75°5,
163.75°E-191.25°E

3.75N-21.25N,
12375E-151.25E

115-145E

2.55-17.53,

2.58-17.55;
115-145E

103-5N,
75-100E

Boreal Summer (May to October)

108-5N,
75-100E

21.25°N-3.75°N,
68.75°E-96.25°E

1.25N-16.258,
256.25E-278.75E

1.25°N-16.25°8,
43.75°E-71.25°E

10-20N,
80-100E

10-20N,
80-100E

10-25N,
115-140E

10-25N,
115-140E

375°N-21.25°N,
118.75°E-146.25°E

3775N-21.25N,
123.75E-151.25E

frequency (cycles/day)

6.25N-16.25N,
241.25E-266.25E

1.25°N-16.25°3,
238.75E-266.25E




MJO Life cycle composite

November to April
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MJO Life cycle composite
Specific humidity (EN-5S, NCEP1)
Phase 1: 336 days Phase 2: 305 days

November to April

Phase 3: 452 days Phase 4: 393 days
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MJO Life cycle composite
Zonal wind (5N-5S, NCEP1)
Phase 1: 336 days Phase 2: 305 days

November to April

Phase 3: 452 days Phase 4: 393 days
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Seasonal Mean (1379—-2005) WEB SITE
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Vi@ eRECASTTVIETRICS

Metrics to Assess in Common Terms MJO Forecast Skill/Pre '*‘
and Prediction Targets Focused on Users and Application

e Similar Considerations as with Simulations Metrics

e  Connect to the Simulation Metrics As Much as Possible

e Real-time Constraints Introduce Challenges in Identifying the MJO

e Less Groundwork to Rely On - Will Need to Entrain Operational Weather and
Seasonal Forecast Expertise.

* Dissemination - Similar to Simulation Metrics

Hope to be here by
Summer
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* DIURNAL CYCLE - STRONGEST
“FORCED” SIGNAL IN THE CLIMATE
SYSTEM.
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Kelvin Waves.
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* SYNOPTIC WAVES AND EASTERLY
WAVES, INCLUDING DEVELOPMENT &
EVOLUTION OF HURRICANES AND
TROPICAL CYCL.ONES

 MADDEN-JULIAN OSCILLATION
(MJO) AND OTHER LARGE-SCALE
CONVECTIVELY-COUPLED WAVES

TIME (MONTH-DAY}!

e MONSOON VARIABILITY, INCLUDING
ONSET AND BREAK ACTIVITY.
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ay forecast

e TROPICAL MEAN STATE, INCLUDING
ITCZ AND DISTRIBUTIONS OF
RAINFALL OVER OCEANS &
CONTINENTS
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Dominant Convectively-Coupled Tropical Waves Projected
onto OLR Anomalies. Wheeler and Weickmann, 2001
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ARRBIVAL OF TEHIE EC)SHERA

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

TOPEX: sea surface height

QuickScat: ocean surface winds Satellite Growth
TRMM: pr€Cipitati0n (: ) DData Rate (Mbps) @Instruments dp:atn 3_
TMI: sea surface temperature w/clouds , 40 — n

AIRS: temperature and water vapor profiles i
CloudSat: cloud profiles E E
Calipso: aerosol/thin-cloud profiles ﬁ ol ml i
AMSRE: ocean precip, water vapor, liquid water T e T
MLS: upper tropospheric water vapor, cloud ice, temperature

CERES: TOA and surface radiative fluxes
ODIS: cloud characteristics, ocean color, land characteristics
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YEAR OF COORDINATED OBSERVING, MODELING
AND FORECASTING OF TROPICAL CONVECTION

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.

- 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.

-
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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?

R
El"t

5%
The MJO (ENSO)  Fast dry Kelvin wave

™ Slow moist Kelvin-Rossby wave
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YEAR OF COORDINATED OBSERVING, MODELING
AND FORECASTING OF TROPICAL CONVECTION :

Potential Target Phenomena

» Madden-Julian Oscillation (MJO)-Advances in our modeling capabilities in the
MIJO 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 (CCWSs) - 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).

i

?

» 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. /"T\
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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:

¢

e Medium-range tropical weather forecasts, particularly
disturbed conditions associated with organized convection.

e Extended-range/subseasonal forecasts of the MJO.

o Medium-to-extended range extratropical forecasts derived |
from improved tropical weather/climate and tropical- 1
extratropical interactions.

Northern hemisphere Southern hemisphere |
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YEAR OF COORDINATED OBSERVING, MODELING ¢
AND FORECASTING OF THE TROPICS 1

Resources / Implementation

Research Agenda
e 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),
e
* Enhanced in-situ measurement programs (e.g., ARM, GEWEX/CEOP) !

 IOPs of opportunity (e.g., AMMA, VOCALS, TACE, T-PARC) :

/ I
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YEAR OF COORDINATED OBSERVING, MODELING ¢
AND FORECASTING OF THE TROPICS 1

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
e 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 - ECMWEF, CMA, I\/IW

|
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YEAR GF T ROPICAL CONVECTIC
Development & Tentative TimeLine

___

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

Trieste Workshop - i]
Inception

Refine & Expose
Concept

WCRP + WWPR JSCs
Formalize(?)

SSC / Working Groups JJ /5

Data "Acquisition" /|
Processing

Formal Research
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