Madden-Julian Oscillation:
Recent Evolution, Current Status and
Predictions
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Overview

e As was forecast last week, the past few days have shown renewed MJO activity over the Indian
Ocean, though the signal is not robust in many of the variable fields.

e GEFS and ECMWEF forecasts both indicate continued MJO activity through the next two weeks, with a

consistent phase speed indicating the signal is likely to reach the western Pacific by the end of Week-
2.

e Although the MJO is likely to affect the state of ENSO on subseasonal time scales, the low frequency
El Nifo signal will continue to play a dominant role in the evolution of the global tropical convective
pattern during the Boreal Spring months.

A discussion of potential impacts for the global tropics and those related to the U.S. are updated on Tuesday at:
http://www.cpc.ncep.noaa.gov/products/precip/CWlink/ghazards/index.php



http://www.cpc.ncep.noaa.gov/products/precip/CWlink/ghazards/index.php

200-hPa Velocity Potential Anomalies

Green shades: Anomalous divergence (favorable for precipitation).
Brown shades: Anomalous convergence (unfavorable for precipitation).
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* The MJO, which was consistently active throughout the fall and winter, became inactive during mid-March.

* Since the beginning of March, the pattern has been dominated by low-frequency signals, with some
modulation by Rossby and Kelvin wave activity.

* Mid-April shows the beginning of renewed eastward propagation; however, the spatial pattern shows a very
noisy 200-hPa field with no clear subseasonal signal.




200-hPa Wind Anomalies

Shading denotes the zonal wind anomaly. Blue shades: Anomalous easterlies. Red shades: Anomalous westerlies.
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* As seen in the upper-level VP field on the previous slide, the MJO became inactive during mid-March.

* Anomalous cross-equatorial flow has set up over near 160W on the Equator in the past week, breaking up
the anomalous westerlies seen over previous weeks.

* Most anomalies along the equator have weakened, especially the convergence in the Indian Ocean.

a



850-hPa Wind Anomalies

Shading denotes the zonal wind anomaly. Blue shades: Anomalous easterlies. Red shades: Anomalous westerlies.
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* The low-level wind field shows the potential of the re-emerging MJO signal over the Indian Ocean.
* Westerly wind anomalies over the east-central Pacific have strengthened in the past week, but still remain

unimpressive and disorganized.

* The extratropical pattern over the Northern Hemisphere has weakened, with a breakdown in the anti-cyclone

off the western coast of North America. Transport across the Equator is weak.



Outgoing Longwave Radiation (OLR) Anomalies

OLR wlith CFSI forecelzlsts
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Blue shades: Anomalous convection (wetness). Red shades: Anomalous subsidence (dryness).
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* The low-frequency active convection around the Date Line continued into April, and has been the most

consistent signal during 2019.

* Several modes of variability (Kelvin, Rossby and MJO) are present over the Indian Ocean, where the RMM
index indicates the convective envelope of the MJO is re-emerging. The Kelvin wave is likely to
constructively interfere with the MJO signal and aid in eastward propagation.



SSTs and Weekly Heat Content Evolution in the Equatorial Pacific

SST Anomalias
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* SST anomalies remain above climatology across much of the equatorial central and east Pacific, consistent

with an EIl Nifio event.
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* In the far eastern Pacific, weak negative anomalies emerged mid-April, impacting the Nino 1+2 index;
however, these anomalies appear to already have disappeared, likely impeded by the strengthening of
westerly wind anomalies along the equatorial eastern Pacific.

* Positive oceanic heat content anomalies have been observed over most of the Pacific basin since last April,

with a decrease in the strength of the anomalies over the West Pacific in 2019.



MJO Index: Recent Evolution

* The RMM index depicts an incoherent signal ‘L[RM]'\"II. RMM2] Phase Space for 13-Mar-2019 to 21-Apr-2019
through most of March and April. It appears that 7 ‘?::lli—l':' 6
the signal has started to re-emerge over the
Indian Ocean in the past few days. :
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MJO Index: Forecast Evolution

[RMM1, RMM?2] forecast for Apr-21-2019 to May-05-2019 MIO Index Forecast for 21 Apr2019-05May2019
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* The GEFS favors renewed MJO activity, with a quick amplification of the signal over the Indian Ocean, likely
due to constructive interference with other modes of variability. The signal weakens, but remains active
through the next two weeks.

* The ECMWF shows a more conservative solution for the re-emerging signal, but also continues eastward
propagation through the coming weeks. As the signal reaches the Western Pacific, likely interference with
the El Nino event leads to a decline in the signal. It should be noted the spread among the ensemble
members for the ECMWEF solution is fairly wide.



MJO: GEFS Forecast Evolution

Figures below show MJO associated OLR anomalies only (reconstructed from RMM1 and RMM2) and do not include
contributions from other modes (i.e., ENSO, monsoons, etc.)

Prediction of MJO-related anomalies using GEFS operational forecast Reconstructed anomaly field associated with the MJO using RMM1 & RMMZ
Initial date: 21 Apr 2019 OLR [7.5°5,7.5°N] (cint:4Wm™) Period:19—0ct—2018 to 20-Apr—2019
QLR The unfilled contours are GEFS forecast reconstructed anomaly for 15 days

300
200
100
EQ
105
205
Jos
J0m
Z0M
iom
EQ
10s
0%
305
A08
2om
1o

Initial Date
(21 Apr 2018}

Daye 1-5 Ava

Foracast

JAMZO1S

Days B=10 Ave
105 Forecast
205
3as
30
Z0M

1o

FEB2019 4

Days 11-15 Ava 3
108 Foracost WAR2019 1 i) - I'-_
205 -

b o]

J0E E0E S0€ 1206 1HOE 180 10w 120W  G0W oW S

-40-35-30-25-20-15-10-5% & 1¢ 16 20 25 30 35 40 000 sgmas

APR2019 A

* Consistent with the RMM forecasts, enhanced | ﬂ
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propagating over the Maritime Continent in
Week-2.

* The suppressed convection forecast over the
west-central Pacific would represent a
significant pattern shift.




MJO: Constructed Analog Forecast Evolution

Figures below show MJO associated OLR anomalies only (reconstructed from RMM1 and RMM2) and do not include

contributions from other modes (i.e., ENSO, monsoons, etc.)

OLR prediction of MJO-related anormalies using CA maodel
reconstractiaon by RMM1 & RMMZ (21 Apr 2019}

i)
200
104

Initial Date
105 {21 Apr 2019)
205
0s
i)
20N
gl
EQ
195
05
05
30
Z0M

104

M0E  BDE  SDE  10E 150 180 1S 120w Gow

Days 1-5 Ave
Forecast

Days B=10 Ave
105 Forecast
205
305
30
20

T

Days 11-=15 Ava
10% Forecast
205

W5

HE BIE S0E 120€  150E 180 ISt 120W 0w oW W o

=40=35=30=28=20=15=10 =56 & 10 15 20 25 30 35 40

* The constructed analog features a very
similar solution as the GEFS, albeit
maintaining a slightly slower phase speed.

Reconstructed anomaly field associoted with the MJO using RMM1 & RMMZ
OLR [7.5°5,7.5°N] (cinL:4Wm™) Period:20-0et—-2018 to 21-Apr—2019
The unfilled contours are CA forscast reconstructed anomaly for 15 days
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MJO: Tropical Composite Maps by RMM Phase

850-hPa Velocity Potential and
Wind Anomalies (Nov - Mar)

Precipitation Anomalies (Nov - Mar)
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MJO: CONUS Composite Maps by RMM Phase - Temperature

Left hand side plots show
temperature anomalies by MJO
phase for MJO events that have
occurred over the three month
period in the historical record. Blue
(orange) shades show negative
(positive) anomalies respectively.

Right hand side plots show a
measure of significance for the left
hand side anomalies. Purple
shades indicate areas in which the
anomalies are significant at the
95% or better confidence level.
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More information: http://www.cpc.ncep.noaa.gov/products/precip/CWIink/MJO/mjo.shtml



http://www.cpc.ncep.noaa.gov/products/precip/CWlink/MJO/mjo.shtml

MJO: CONUS Composite Maps by RMM Phase - Temperature

P composites (JFM) Significance (%) (JFM)

Left hand side plots show
precipitation anomalies by MJO
phase for MJO events that have
occurred over the three month
period in the historical record.
Brown (green) shades show
negative (positive) anomalies
respectively.

Right hand side plots show a
measure of significance for the left
hand side anomalies. Purple
shades indicate areas in which the
anomalies are significant at the
95% or better confidence level.
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More information: http://www.cpc.ncep.noaa.gov/products/precip/CWIink/MJO/mjo.shtml



http://www.cpc.ncep.noaa.gov/products/precip/CWlink/MJO/mjo.shtml

