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GOALs/ PROGRESS. SUMMARY

1) DEVELOP MJO WG WEB SITE. www.usclivar.org/mjo.php

DIAGNOSTICS LINK, MEETING & TELECON UPDATES, THEME PAGES

2) DIAGNOSTICS FOR ASESSING MODEL. SIMULATIONS.
| ONWEBSITE. J. CLIMATE ARTICLE ~ ACCEPTED. ALSO ADOPTED BY NCAR/NCL.

| 3) APPLICATION OF DIAGNOSTICS TO MODELS.
| CAM3.5, CAM-3Z, spcaM, ECHAM4/0OPYC, CFS, SNU, GFDL, GEOS5

J. CLIMATE ARTICLE — SUBMITTED.

4) OPERATIONAL MJO FORECASTS & METRICS.
DESIGNED, IMPLEMENTED AT SEVERAL OPERTIONAL CENTERS, W/ WGNE HELP

BAMS ARTICLE PLANNED

5) WORKSHOP./ EXPERIMENTATION PLANNING
NOVEMBER 2007, lRVlNE, CA. BAMS MEETING SUMMARY IN PRESS.
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I. MJO Working Group

2. Developing Model
Simulation Diagnostics

NEED STANDARDIZED DIAGNOSTICS
TO ASSESS MODEL PERFORMANCE
WITH STANDARDICED MEASURES
AND TRACK INDIVIDUAL AND
COMMUNITY PROGRESS




Madden Julian Oscillation (MJO) Metrics heca, S8

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_individual calendar years, remove the time mean from cach,
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 each of three ficlds separately by the square-root of the zonal mean of their temporal variance at each longitudinal poir
iii) 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 thd
(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-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 generatc)
spatial composites of the selected points according to these phases. Figures
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Madden Julian Oscillation (M]JO) Metrics S =
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 U850 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 uUss0 Usfc
Seasonally stratified spectra (Winter : November to April, without annual cycle)
CMAP NCEP1 NCEP1
AVHRR TRMM NCEP2 NCEP2 NCEP1
GPCP ERA40 ERA40
Seasonally stratified spectra (Summer : May to October, without annual cycle)
CMAP NCEP1 NCEP1
AVHRR TRMM NCEP2 NCEP2 NCEP1
GpcP ERA40 ERA40

2) COMBINED EOQOFs (see Description)

a) Combined EOFs

4
MJO
DIAGNOSTICS
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RESULTS ARE
SUMMARIZED
IN A JOURNAL
OF CLIMATE
ARTICLE
(IN PRESS)



Wavenumber

Wavenumber

Equatorial Space—Time Spectra
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AVHRR, 75E—100E, 5N—10S, Winter MJO
DIAGNOSTICS
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OLR-IO

1.5

TIME SERIES
SPECTRA
EiEEAIN, OLRK

power x frequency

frequency (cycles/oiay) DOMAINS OF
INTEREST

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

Table 1. Domains for time series power spectra metrics
8 5 OLR Precipitation Uggg g9
10 10S-5N, 108-5N, 1.25°5-16.25°S, 3.75N-21.25N,
2 75-100E 75-100E 68.75°E-96.25°E 56.25E-78.75E
c WP 208-58, 205-58, 1.25°N-13.75°5, 3.75N-21.25N,
% 160E-185E 160E-185E 163.75°E-19125°E | 123.75E-151.25E
o 0.039 MC 2.55-17.55, 2.55-17.55;
o 115-145E 115-145E
<
EP 1.25N-16.255,
x 256.25E-278.75E
« 0.0Z24 Bore e 0 obe
5 a a
g 10 10S-5N, 105-51, 21.25°N-37%N, | 1.25°N-16.25°,
a 75-100E 75-100E 6875°E-96.25°E | 43.75°E-71.25°E
0.01 - BB 10-201, 10-20N,
: 80-100E 80-100E
WP 10-25N, 10-25N, 375°N-2125N, 3.75N-21.25N,
115-140E 115-140E 118.75°E-146.25°E | 123.75E-151.25E
9 EP 6.25N-16.25M, 1.25°N-16.25°S,
8.01 an 241.25E-266.25E | 238.75E-266.25E
frequency (cycles/day)




MJO Life cycle composite
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I. MJO Working Group

3. Applying Diagnostics to ’z:;
Contemporary Climate v
Models
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MJO Simulation Diagnostics
_Applieation to Contemporary Models

Model
(group)

Horizontal
Resolution
-AGCM

Cumulus parameterizatio
n

Integration

Reference

Mass flux 20 years
CAM3.5 1.9° lat x 2 26 Neale et al. {
NCAR (Zhang and McFariane 19 | 01JAN1986-
( ) .5° lon (2.2hPa) 95) 31DEC200S 2007)
Mass flux 15 years
arIor T42(2.8%) (2.5hpa) (zhang and McFariane 19 | 281an19so- | #N308 “ral-
- S5) 233JUL1S99SS
- &4 Mass flux wang et al. (2
T652(1.8%) (0.2hPa) (Hong and Pan 1998) <l yenrs 005)
2 lat x 24 Fass s Delworth et al
5° lon (2.5hPa) (RAS; 20 years (2006)
- Moorthl and Suarez 1992) :
) Roeckner et a
19 Mass Tlux I. (1996)
T42(2.87) (10hPa) (Tledtke 1989, adjustmen 20 years Sperber et 'al
t closure Nordeng 1954) (2005)
GEOSS 1°lat x 1.2 72 e ”_Ux 22 YeRTS To be docume
(NASA) s°lon (0.01hPa)> LIRASS DR DEE- 1995 nted
. - Moorthl and Suarez 1992) 30NOV2Z005
_ 20 years
SNUAGCM ° 20 Mass flux Lee et al. (20
T42(2.8%) 01JAN1986-
(SNU) (1LOhPa) {Numagutl et al. 1995) 31DECZ005 03)
Superparameterization 19 years
ATy T42(2.8%) 2 Enpa (Khalroutdinov and oiocTiess- | KLANeVEAnoY
B Randall 2003) 25SEP2005 :




MJO Simulation Diagnostics: Variance Precip & U850

Contour Unit : [m? s72]
Plot : 3m? s2 interval

a) CMAP/NCEP1
Thick solid : 9m? s72
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Figure 3 : As in Figure 1, except for variance of 20-100 day band pass filtered precipitation and 850hPa zonal wind. Contours of 850hPa zonal wind variance are plotted

every 3 m2 s-2, 9 m2 s-2 line is represented by thick solid line. The unit is mm2 day-2 for precipitation and m2 s-2 for zonal wind.



MJO Simulation Diagnostics: W-F Precip & U850
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Figure 4 : November-April wavenumber-frequency spectra of 100N-100S averaged precipitation (shaded) and 850hPa zonal wind (contoured). a) CMAP/NCEP1, b) CAM3.5, ¢)
CAM3z, d) CFS, e) CM2.1, f) ECHAM4/OPYC, g) GEOSS5 h) SNU and i) SPCAM. Individual November-April spectra were calculated for each year, and then averaged over all
years of data. Only the climatological seasonal cycle and time mean for each November-April segment were removed before calculation of the spectra. Units for the precipitation

(zonal wind) spectrum are mm2 day-2 (m2 s-2) per frequency interval per wavenumber interval. The bandwidth is (180 d)-1.
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Figure 10: Phase-longitude diagram of OLR (contour, interval-5, green-positive/purple-negative) and evaporation (shaded). Phases are from MJO life-cycle composite and

values are 5S-5N averaged. The unit of OLR and evaporation is W m-2.
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I. MJO Working Group

4. Metric ftor Operational
MIJO Forecasting

. —

» Use of a common forecast metric allows for:
v quantitative forecast skill assessment.
v targeted model improvements.
v even friendly competition to motivate
further improvements.
v developing a multi-model ensemble
forecast of the MJO.

ENSO - “Nino 3.4 Index”
Weather — 500 mb heights
MJO - ?




DEVELOPMENT OF AN MJO FORECAST METRIC

BASED ON REFINEMENTS OF WHEELER & HENDON 2004 BASED ON
OPERATIONAL CONSIDERATIONS
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INVITATION FROM WGNE & US CLIVAR MJO WG

To:  Operational Modelling Centres

From: The CAS/WCRP Working Group on Numerical Experimentation (WGNE)
and
6 US-CLIVAR Madden-Julian Oscillation Working Group

Date: January 2008

This letter seeks to gain the involvement of Operational Modelling Centres in an

activity to monitor and compare numerical model forecasts of the Madden-Julian

oscillation (MJO). The activity is a result of discussions and work of the U.S. Climate

Variability and Predictability (CLIVAR) programme’s MJO Working Group'. The

group is co-sponsored by international CLIVAR., and the activity has the support of

the Working Group on Numerical Experimentation (WGNE). The aim of the activity
-

| 'E?ARE AND SEND — OPERATIONALLY - A SELECT SET OF
" FORECAST FIELDS (U850, U200, OLR) IN ORDER TO
PARTICIPATE AND CONTRIBUTE TO THE POSSIBLE
DEVELOPMENT IN THE FUTURE OF A MULTI-MODEL ENSEMBLE.

CPC/NCEP & J. Gottschalck have agreed to receive the forecast
data and compute the metric from each center’s data, display it and
help develop and carry out validation capabilites.




CONTRIBUTORS, CONTENTS AND STATUS
COURTESY OF JON GOTTSCHALCK AND CPC/NCEP/NOAA

Center | Product | Ensemble | Forecasts Forecast Realtime | Version 1 Model
ID Members Start Length (Days) | pata FTP Plots Climatology
Available

/ NCEP NCPE 21 11/1/2007 15 - Yes No
NCEP NCPA 1/1/2008 15 ———-- Yes No
NCEP NCFS 4 1/1/2005 40 ———-- Yes Yes
CMC CANM 20 6/8/2008 16 Yes Yes No
UKMO UKMA 1 10/10/2007 15 Yes Yes No
UKMO | UKME 23 10/10/2007 15 Yes Yes No
ABOM BOMA 1 1/1/2008 10 Yes Yes No
ABOM BOME 32 -—--- 10 No No No
ABOM BOMC 1 1/1/2008 40 Yes Yes No
ECMWF | ECMF 51 6/9/2008 15 Yes Yes No
ECMWF | ECMM 51 6/9/2008 15 Yes Yes Yes
ECMWF | EMON 51 (W) 6/12/2008 32 Yes Yes No
ECMWF | EMOM 51 (W) 6/12/2008 32 Yes Yes Yes
CPTEC CPTIC | | e Yes No No

See web page for key to Product IDs : . .
http://www.cpc.ncep.noaa.gov/products/precip/CWlink/MJO/clivar wh.shtml

W: forecast sent only once per week




Examples — Display Format

[RMM1, RMM2] 15-day forecast for 02Mar2008 to 16Mar2008

4 7 YeEm 6 wrars | Observational RMM1 / RMM?2

: values for the past 40 days

i o | 15-day model forecasts

» 5?; "1'” °f | --Green line: Ensemble mean

| & ) 22 | week 1 (thick), week 2 (thin)
| ':l --Ensemble members

2| \

H licht gray shading:

3| 90% of forecasts

4 2 Ocean dark gray shading:

o2 a7 150% of forecasts




Preliminary Website — Main Page

Site Map

cast Comparisons

imate & Weather Linkage > US GLIVAR MJO Index
US CLIVAR MJO Working Group
I Climate Outlooks
Forecast Metrics
Climate & Weather Linl
' ElNino/La Nina
MJO
Teleconnections
AO
NAO
PNA
AAO
Blocking
Storm Tracks

B Forecasts

B Methodology
B verification
B References

B Forecasts

A key for the label headings in the figure box is provided below. Click on the headings 7 larger size
images and specific model-related information.

/

Note: Move cursor over product name to display. Click for large

AAA

Phase Plots of MJO Index Forecasts

NcPE NCFS cmer | ukme ] ukwa__]
ECMF | BOME | BOMA BOMC JMAN CPTC

[RMMI1, RMM2] 15-day forecast for 24Mar2008 to 07Apr2008
a

* Scroll-over Heading Labels

 Links to Model Specific
Information

tml

http://www.cpc.ncep.noaa.gov/products/precip/CWlink/MJO/clivar wh.sh

* A BAMS article, led by J.
Gottschalck, is in prepration
that will report on this activity
to the community.
Furthermore, a proposal led by
B. Wang was recently
submitted to NOAA to work
towards a multi-model
ensemble forecast.




v I. MJO Working Group
5. MJO Workshop - 2007

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

BAMS Meeting
Summary In Press

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



CLIVAR MJO WORKSHOP RECOMMENDATIONS
FOLLOW ON ACTIVITIES & FOCI OF COLLABORATION

Floating a preposal to renew MJOWG via WCRP/WWRP?

* 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, AMY, etc)

 Expand efforts to develop and implement MJO forecast metrics
under operational conditions. (e.g., boreal summer focus, ensembles)

* Develop an experimental modeling framework to assess MJ]O
predictability as well as forecast skill from contemporary/
operational models. (B. Wang et al. / CTB NOAA proposal)




