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Madden-Julian Oscillation (MJO)
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Discovered in the early 70’s by Madden and Julian

Planetary-scale envelop of cumulus clouds that are coupled to circulation
Propagates eastward at a 5 m/s phase speed over the warm pool

Dominant mode of tropical intraseasonal variability that affects the global weather-
climate-environment system (e.g., TCs, extreme precipitation events)
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Satellite view of an MJO event (ssm/1 Precip, April 20-May 25, 2002)




MJO provides the dominant source of predictability in the
intraseasonal time scale, bridging the gap between weather and
seasonal prediction
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Significant untapped predictability exists in the MJO prediction
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WGNE MJO Task Force

Goal

Facilitate improvements in the representation of the MJO in weather and climate
models in order to increase the predictive skill of the MJO and related weather
and climate phenomena.




Historical Background

* CLIVAR MJO working group (2006-2009)

* MIJO Task Force established in 2010 within the framework of WCRP-WWRP/THORPEX YOTC
activity (2010-2012)

* MIJO Task Force was reformulated under WGNE in early 2013 (2013-present)
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Goal

Facilitate improvements in the representation of the MJO in weather and climate models
in order to increase the predictive skill of the MJO and related weather and climate
phenomena.

Current Subprojects

MJO Mechanisms and Simulations

Develop diagnostics and experimental designs to elucidated key mechanisms for MJO and its
simulation in models

MJO Prediction (in collaboration with $25)

Perform evaluation of real-time forecasts and hindcasts of tropical intraseasonal variability,
including assessment of hindcasts in the S2S model database

MJO-Extratropics Interactions (in collaboration with S2S)

Develop, coordinate, and promote analyses of MJO interactions with the extratropics in climate
model simulations and hindcasts

MJO and the Maritime Continent (in collaboration with $2S and YMC)

Advance understanding of MJO interactions with the Maritime Continent (joint activity with S2S
and YMC)




MJO Mechanisms and Simulations — Role of the Mean State

Action items
=  Continue to develop diagnostics to elucidated key mechanisms for MJO and its
simulation in models, including
o Sensitivity to parametrized physics (including impact of explicit representations)
o Role of air-sea interaction including biases in “coupling strength”
= Understanding interannual variability in MJO
o Role of interannual modes of variability (ENSO, QBO)
o Impact of simulated interannual variability on metrics of MJO activity

Accomplishments/Findings

= Models with a good representation of the mean moisture (gradients) tend to have a
good simulation/prediction skill of the MJO (e.g. Jiang, 2017; Gonzalez and Jiang,
2017; Kim, H. 2017; Lim et al., 2018; Kim, H. et al. 2019)

o Relation to moist static energy budget of the MJO and “moisture mode” theories for
the MJO (Adames and Kim 2016)

o Importance of horizontal advection of the mean moisture by the MJO winds in MSE
budget

= QOcean feedbacks improve MJO propagation by affecting convective moistening profiles
and sharpening meridional moisture gradients (DeMott et al. 2019; Kim, D. et al. in

prep)




MJO as a “moisture mode”

1. Deep convection occurs preferentially over the area of high column moisture
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MJO as a “moisture mode”

2. Tropical atmosphere responds to diabatic heating anomalies in the form of the
Matsuno-Gill response, re-distributing moisture by acting upon the mean state
moisture gradient

Drying




Coupled Uncoupled Mean CWV (Nov-Apr)
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Coupled — Uncoupled: p(R > 5 mm/day)

SPCCSM: p(R > 5 mm day '), ACWV
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® Coupling sharpens mean
meridional moisture gradients,
which aid MJO propagation.

® Coupling changes the distributions
of rainfall rate and convective
moistening (i.e., -Q2/Lv) such that
low-level moistening is enhanced
at high rainfall rates.

® High rainfall rates, and hence
enhanced moistening, are most
common near the Equator.




MJO Mechanisms and Simulations — Diagnostics and Evaluations

Action items

Continue developing process-oriented MJO simulation diagnostics

Application of existing and new process-oriented diagnostics and air-sea interaction
diagnostics to CMIP6

Accomplishments/Findings
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Leading model analysis of MJO in CMIP6 models including application of MJO process
diagnostics (Ahn, D. Kim et al. in prep)

Collaborating with Peter Glecker’s team at PCMDI in implementing basic MJO metrics
into PCMDI Metrics Package

Led the development of the MJO Diagnostics for the NOAA MAPP Model Diagnostics

Task Force to develop and implement a process oriented model national modeling
center diagnostics package

East/West Power ratio
OBS CMIP5 CMIP6




MJO Prediction

Action items

Continued analysis of MJO Prediction skill and its dependence on variability of e.g. MJO,
basic state; and model configuration

Explore relationships between ensemble spread and skill
Representation of MJO impacts in prediction systems

Accomplishments/Findings

Participated in the development of global cloud resolving model and led its evaluation
in terms of prediction skill (Satoh et al, 2017)

Assessment of the MJO prediction skill in the S2S database (Lim et al 2018) and SubX
(Kim, H et al. 2019), including the analysis of the relationship between prediction skill
and the mean moisture and cloud long-wave feedback (Kim, H. 2017, Lim et al 2018;

Kim, H. 2019)

Led a review paper and book chapter on MJO prediction and predictability (Kim, H. et
al. 2018)

= Variable MJO prediction skill across models

= MJO predictions are under-dispersive

= Better skill for initially strong MJO events

= Maritime Continent is probably a prediction barrier rather than predictability barrier




MJO prediction skill in S2S and SubX reforecasts

RMM Prediction Skill

0.9-
0.8-
0.7 4
0.6

0.5
0.4-
0.3-
0.2-
0.1-

0 v ' T T T v

Correlation

0 ) 10 15 20 25 30

Forecast lead day
NCAR-CESM1 ECMWF-CY43R3
ESRL-FIM NCEP-GEFS NASA-GEOS5

® Range of “skill” from 3-4.5 weeks
® Most models biased weak and slow

Kim, H. et al. (2019)
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MJO prediction skill in S2S and SubX reforecasts

Winter mean moisture (Q850) bias: MME-ERAI
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MJO and the Maritime Continent

Action items

Continued analysis of representation of key physical processes for simulation of
MJO propagation in Maritime Continent

Exploit observations and modelling efforts from YMC

Accomplishments/findings

Leading ongoing or planned field campaigns within YMC activity

Analysis multi-scale interactions between the diurnal cycle and MJO in BMKG
radar observations (Permana et al. in prep)

Interaction of the MJO with seasonal cycle and NE cold surges in the Maritime
Continent (Lim et al, 2017; Xavier et al, 2019)

Led a review book chapter on MJO interactions with the Maritime Continent for
“The Global Monsoon” (Kim, D et al, in press)

Sensitivity to strength of MC land convection in a GCM and relationship to mean
moisture basic state (Ahn, D. Kim et al, accepted)

Mechanistic Analysis and Experiments of MJO propagation through Maritime
Continent (Neale et al. in prep)




Impacts of the MJO on the Spatial Distribution of Diurnal Rainfall
Peak near Bengkulu (SW Sumatra)
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® The DC rainfall peaked between the
late night (21-24 LT) to early morning
(00-06 UTC) over the Indian Ocean
and in the afternoon (12-21 LT) over
Bengkulu.

® When the MJO wet phase moves
eastward over the Indian Ocean, the
DC peak migration tended to migrate
westward (offshore). While during
the dry phase, the peak of DC rainfall
shifted into the morning (06-12 UTC)
over the Indian Ocean
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Regional Maritime Continent Characteristics and the MJO
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® Community atmosphere model in CESM (CAMS6)
® Poor MJO in AMIP, good in coupled

® Maritime continent (MC) AMIP sensitivity experiments
O Ox orography and 2x orography height
O Replace MC with SSTs

_ O Replace obs. SSTs with coupled SSTs
Neale et al. (in prep)




Regional Maritime Continent Characteristics and the MJO
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MJO-Extratropics Interactions

= Joint activity with new S2S teleconnections sub-project

Action items

Continued analysis of sensitivity of MJO teleconnections to details of MJO and
basic state

Develop and apply metrics for MJO teleconnections and sources of error in their
representation in models

Assess impact of MJO teleconnections on predictability and prediction skill for
Extra-tropics

Accomplishments/Findings

A number of studies looking at MJO teleconnections to the Northern Pacific, N
America and Northern Atlantic and the dependence on the slowly varying
background state

MJO-NAE regimes MJO-NAO+ teleconnection stronger in El Nifio and barely
present in La Nifa (Lee et al, 2019)

Development of MJO teleconnection metrics for Climate Models and S2S models
highlighting importance of both basic state and MJO heating (Henderson et al,
2017; Wang et al. 2019a, b)




MJO teleconnection metrics (over the PNA region)

Z500a (5-9d lag) after MJO phase3
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Joint activity with S2S and YTMIT

Develop a “standardized MJO teleconnection
metrics” for i) objective evaluation of model
simulations, ii) fair model-to-model comparison,
iii) consistent tracking of model improvement

MJO teleconnection metrics include:
O Five performance-based metrics: Z500 anomaly
pattern, amplitude, east-west position, etc.
O Two process-oriented metrics: Rossby wave
source pattern and amplitude

MJO teleconnection biases (in 29 CMIP5 &
GASS/YOTC): Larger amplitude/Eastward
shift/Longer persistence of MJO teleconnections

Sources of errors (GCMs and LBM test)
O Less coherent MJO propagation
O Large amplitude in basic state (Westerly Jet)
O Biasesin jet position




Summary of MJO TF connections to other WMO groups

Subseasonal-to-seasonal (S2S) project
= A past outcome of the MJO-TF has been in implementation of MJO monitoring

and prediction at many operational centres (e.g. NCEP, ECMWEF, BoM), and an
associated improvement of forecast models based on this MJO focus.

Charlotte DeMott is co-leading a S2S-oceans focus group within the S2S
Working Group.

MJO TF members (Hyemi Kim, Daehyun Kim, and Eric Maloney) are leading the
effort on developing standardized MJO-teleconnection metrics with S2S working

group

Years of Maritime Continent (YMC)

Matt Wheeler is co-leading the YMC cruise of the RV Investigator, during Oct-
Dec 2019.

Adrian Matthews, Steve Woolnough, Nick Klingaman and Prince Xavier are part
of TerraMaris, the UK contribution to YMC, with Adrian as the overall PI.
Daehyun Kim, Eric Maloney, Xianan Jiang, and Samson Hagos are Pls
performing research under the NOAA CVP YMC program

YMC has accounted MJO TF to cover its modeling theme

Tropical Pacific Observing System (TPOS) 2020

Charlotte DeMott and Nick Klingaman have provided input (a 2-page letter) to the
TPOS2020 group for design considerations that could improve observations of
MJO air-sea interactions.
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