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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.




USISINVARSVIIONVEORKING GROUP

[ EARTERM CGOALS
PDEPEVEReP VIU@NWWEWES SiTE, DONE

2INNVIETRICS FOR ASSESSING /DIAGNOSING MoODEIL
SIVIUEAIGNS @E TRHE VU@,  NEARIEYAID@INIE

BINEPREDICTHON TARGETS AND METRICS FOoR VU@
FoRECASTS, SIFAFTEDR

A)r USING THE ABOVE, DEVEILOP AN EXPERIMENTIAIL/
PIAGN@SHES THEME EeoR V@b ELNE/ZERED EmiNEIEE
Vi@ NI EoNUUNCH@ONNVInE AN oORIKSEH@ENS @IRIvA®IN




S ERVARSVIE@ON@EKING. GROUP
INVENSINE @EACTVITES

AGU Session )
Subseasonal Working Group

** Meeting **

WCRP/Thorpex NCAR/TIIMES -

Trieste Convection .
Retreat Convection WGNE CLIVAR
Systematic Errors AAMP
L 4

Meetings
Telecons NI h
Simulation Metrics

Forecast Metrics
Workshop —

' \
Model Exp ’

Web Site

(3 o o v 1 1 1 \-J
W e ofv‘DG&‘” P ge? e gt




MJO & Weather-Climate Interactions

MJO Overview (coming soon for now see links)

MJO Weather Climate Interactions

AUstratizn Monsoon
High Latitude Weather W S

Ocean Chlorophyll E B ITE
Global Benefits and Hazards
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MEETINGS

Relevant Science Meetings and Workshops

Workshop on the Organization and Maintenance of Tropical Convection and the Madden Julian TH EVIE PAGES
Oscillation 13-17 March 2006 (Trieste, Italy) &
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), Atachment (ppt) and Draft Metric Website from 29 November 2006
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Climate Variability and Predictability

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 p ially 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).
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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.

Selected References
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Hall,J. D., A. J. Matthews and D. J. Karoly. 2001: The Modulation of tropical cyclone activity in the Australian
region by the Madden—Julian oscillation. Mon. Wea. Rev., 129, 2970-2982.

Higgins, W and W. Shi, 2001: Intercomparison of the principal modes of interannual and intraseasonal
variability of the North American monsoon system. J. Climate, 14,403-417.

Liebmann, B., H. H. Hendon, and J. D. Glick, 1994: The relationship between tropical cyclones of the western
Pacific and Indian Oceans and the Madden-Julian oscillation. J. Meteor. Soc. Japan,72,401-411.

Maloney, E. D., and D. L. Hartmann, 2000: Modulation of hurricane activity in the Gulf of Mexico by the
Madden-Julian Oscillation. Science, 287, 2002-2004

Mo, K. C., 2000: The association between intraseasonal oscillations and tropical storms in the Atlantic basin.
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MJO Weather Climate Interactions
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MEETINGS

Relevant Science Meetings and Workshops

Workshop on the Organization and Maintenance of Tropical Convection and the Madden Julian
Oscillation 13-17 March 2006 (Trieste, Italy)

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)

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), Atachment (ppt) and Draft Metric Website from 29 November 2006
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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)

REFERENCES WEB SITE

LINKS

e CPC Infraseasonal Monitoring, Outlooks, Links to Weather and Educational Material

Madden, R. A., and P. R. Julian (1971), Detection of a 40-50 day oscillation in the zonal wind in the tropical Pacific,
J. Atmos. Sci., 28, 702-708.

RESOURECES

Reviews

Madden, R. A, and P. R. Julian (1994), Observations of the 40-50-Day Tropical Oscillation - a Review, Monthly
Weather Review, 122, 814-837.
Lau, W.K. M., and D. E. Waliser (Eds.) (2005), Intraseasonal Variability of the Atmosphere-Ocean Climate System,

474 pp., Springer, Heidelberg, Germany.
Zhang, C. (2005), The Madden Julian Oscillation, Reviews of Geophysics, 43, RG2003, PAST RE FORIES
HEFERECES

doi:10.1029/2004RG000158.

Waliser, D. E. (2006), Intraseasonal Variability, in The Asian Monsoon, edited by B. Wang, p. 844 Springer,

Heidelberg, Germany. ]_I NZS
Multi-Model Analyses

Slingo, J. M., et al. (1996), Intraseasonal oscillations in 15 atmospheric general circulation models: Results from an
AMIP diagnostic subproject, Clim. Dyn., 12, 325-357.
Sperber, K. R,, et al. (2000), Predictability and the relationship between subseasonal and interannual variability
during the Asian summer monsoon, Quarterly Journal of the Royal Meteorological Society, 126, 2545-2574.
Waliser, D. E., et al. (2003), AGCM simulations of intraseasonal variability associated with the Asian summer
monsoon, Clim. Dyn., 21, 423-446.
Lin, J. L., et al. (20086), Tropical intraseasonal variability in 14 IPCC AR4 climate models. Part I: Convective signals.,
J. Climate, In Press.
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the Madden-Julian Oscillation in Four Pairs of Coupled and Uncoupled Global Models. Climate Dynamics, DOI:
10.1007/s00382-006-0148-2.

MJO Simulation Metri

CPC hazards assessment

CPC MJO Weekly Update

CDC MJO experimental prediction website

CDC MJO monitoring page

Australian Bureau of Meteorology MJO monitoring and prediction web site



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 simulatios
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 eas
calculated by the non-MJO expert. Ease of use dictated that the analytic procedures be as simple as possible and as similar as posj
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 disg

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 secasons 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 givd
were determined from examination of the VARIANCE MAPS to isolate regions where the observed variability is large. Finally, fog
unless otherwise noted, no windowing/tapering or de-trending was applied.
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Madden Julian Oscillation (MJO) Metrics hsaiia: S

An activity led by US CLIVAR and supported by International CLIVAR

Introduction | Description | Observations | Simulations |

Description - Level 2 Metrics

1) FREQUENCY-WAVE SPECTRA

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 @

b) Same as a), except stratifying by season. Figures

2) COMBINED EOFs.
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
iif) Considering all three fields together, compute the combined EOF of the data. Figures

iv) Compute the variance explained in the normalized data set by each of the EOF modes as well as the variance explained in th
(i.e. filtered anomalies) by each of the EOF modes.

v) Compute the variance explained by each of the three input fields for each EOF mode.
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-m
[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 genera
spatial composites of the selected points according to these phases. Figures
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Madden Julian Oscillation (MJO) Metrics
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An activity led by US CLIVAR and supported by International CLIVAR

Introduction |

Description | Observations | Simulations
Observations - Level 2 metrics figure tables
1) FREQUENCY-WAVE SPECTRA (see Description)
a) Annual data
OLR PRCP U200 usso0 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 EOFs (see Description)

a) Combined EOFs
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Equatorial Space—Time Spectra

8 U850 (NCEP1), November—April without annual cycle

: WERB SITE
NCEPI METRICS

Wavenumber

B O)ATORIAL

SPACE-TNME

-0.04 -0.03 -0.02 -0.1 ] 0.01 0.02 .03 0.04 S P E CTRA
Frequency (cycles/day)
U RAING @15

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—105, Winter

frequency (cycles/day)

NCEP2, 241.25E-266.25E, 6.25N—-16.25N, Summer

U850 - EP

Table 1. Domains for time series power spectra metrics
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I0

105-5N,
75-100E

Precipitation

Boreal Winter (November to April)

108-5N,
75-100E

1.25°8-16.25°5,
68.75°E-96.25°E

3.75N-21.25N,
56.25E-78.75E

WP

203-58,
160E-185E

208-58,
160E-185E

1.25°N-13.75°8,
163.75°E-191.25°E

3775N-21.25N,
12375E-151.25E

MC

2.55-17.53,
115-145E

2.58-17.53;
115-145E

EP

1.25N-16.2583,
256.25E-27875E

Boreal Summer (May to October)

I0

105-5N,
75-100E

105-5N,
75-100E

21.25°N-3.75°N,
68.75°E-96.25°E

1.25°N-16.25°3,
4375°E-71.25°E

BB

10-20N,
80-100E

10-20N,
80-100E

WP

10-25N,
115-140E

10-25N,
115-140E

375°N-21.25°N,
118.75°E-146.25°E

3775N-21.25N,
12375E-151.25E

frequency (cycles/day)

EP

6.25N-16.25N,
241.25E-266.25E

1.25°N-16.25°S,
238.75E-266.25E




MJO Life cycle composite

November to April
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MJO Life cycle composite

Specific humidity (SN—5S, NCEP1)
Phase 1: 336 days Phase 2: 305 days
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MJO Life cycle composite

Zonal wind (5N—5S, NCEP1)
Phase 1: 336 days Phase 2: 305 days
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Metrics to Assess in Common Terms MJO Forecast Skill/P
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

 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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