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INTRODUCTION OBJECTIVE 1: MJO AMPLITUDE

The Madden Julian Oscillation (MJO) is the dominant mode of tropical intraseasonal In order to isolate the MJO amplitude parameter, we utilized our Wheeler and Hendon RMM index to segment our data based on various MJO
variability, with a period of roughly 30—-90 days (Wheeler and Kiladis 1999; Wheeler amplitude limits. An active MJO has been defined as having an amplitude greater than 1.0 on the RMM index (Wheeler and Hendon 2004).
and Hendon 2004). Physically, the MJO is a system of tropical convection that Thus, any amplitude less than 1.0 represents a weak, inactive MJO, and any amplitude greater than 1.0 represents an active MJO. We defined
propagates about the equator in an eastward direction. The MJO has two 5 different amplitude limits: MJO amplitudes < 1.0, > 1.0, > 1.5, > 2.0, > 2.5. These limits were chosen in order to capture the difference
components, the first being a large vertical column of enhanced rainfall (convective between an inactive MJO and an active MJO, over a broad range of active thresholds. We created a wavenumber frequency power spectra

column), and the second being the vertical columns of suppressed rainfall on either For each segmented amplitude, and subtracted out the all data power spectra

(a) All Data MJO Season Segmentation Method : R E R ";-..'; ' | - s L —
side of the central column (Figure 1). Due to its size and scale, the MJO acts as the ? - ¥ to analyze the percent difference between the two (Figure 3). This poster| ./ . 1 — N A | N |
primary driver of precipitation in the tropical latitudes, and bridges the gap between R 4 GG 045 focuses on the results from an MJO amplitude less than 1, and an MJO . —_— __ER - MO
local weather patterns and large scale [Faddeninosciaton X 31 RIS , 1 amplitude greater than 2.5 (Figure 4). ‘ T
climate patterns across the globe. i ® o | o= } WAL S MJO Amplitude < 1.0:

Equatorial Waves (EWs) are propagating ' ' ‘ ®. // / | The SOLR spectra demonstrates that there is no enhanced, or weakened signal
disturbances, with periods of a few days for either the Kelvin wave or ER wave, indicating that inactive MJO occurrences
to several weeks, that are “trapped” |. | | [ 5 g _ have no influence on symmetric EW activity (Figure 5(a)). The AOLR spectra
between the tropical latitudes of the v | e _— e -l " demonstrates the same conclusion for MRG waves (Figure 5(b)).
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to probe Changes in weather (Wheeler 7t - o N o around 6 (Flgure S(C))' There are several enhanced S|gnals for the ER WaVe, Figure 4. (Left) Four different versions of our Wheeler and Hendon RMM index are shown, to visualize the MJO amplitude segmentation process. Plot (a) shows all

longitude . . .
2003). : - - Figure 3. Total data spectra (symmetric only) (a) and amplitude segmented 3ngine a5 high as 15-20% (Figure 5(c)). Therefore, extreme strengths of MJO ' ' ' '
) Figure 1. The physical structure of the Madden-Julian spectra for the MJO amplitude of interest (b). By subtracting the total data ging g 0 ( g ( )) ) g MJO amplitudes. Plot (b) shows only MJO amplitudes less than 1. Plot (c) shows MJO amplitudes greater than 1. Plot (d) shows MJO amplitudes greater than 2.5. The

The Problem: Through interactions with  Oscillation (MJO). A column of enhanced convection spectra from the amplitude segmented spectra, and dividing it by the total data have a substantial influence on ER wave activity. Interestingly, there are no pinkand green boxes over plot (b) and (d) respectively identify the two amplitudes presented on this poster.

EWs, the MJO is able to influence /flanked by columns of suppressed convection (only one spectra, plot (c) is produced. Plot (c) shows the percentage difference of signal substantial signals along the Kelvin dispersion (Figure 5(c)). The AOLR spectra

i shown). The MJO typically spans vertically from 850mb stren - - -
. gth due to the amplitude of interest compared to the average behavior.
et e RaCIOSsREIE gIObe' UnderStandmg (*1500m) to 200mb (~12000m). The whole system is Red colors indicate signals that are stronger than the total data, while blue

these Interactions Is CrUC|aI to II"ICFeaSII"Ig propagating eastward across the equator (GOttSChGICk colors indicate signals that are weaker than the total data. The shallow water
our ability to predict global weather. 2R dispersion curves for Kelvin waves and Equatorial Rossby waves are plotted as  eastward MRG signals are stronger, with signals that are 10-15% stronger (Figure

RESEARCH OBJECTIVES ook ines 5(d)).
1. How does changing MJO amplitude/strength impact the interactions with OBJECTIVE 2A: MJO SEASON ” -

equatorial waves? , . o Sl Rer e an . - | TSI
How does changing MJO seasonality and geographic phase impact the In order to isolate the MJO season parameter, we segmented our data based on four different 3 month season limits, for | - DY ' V. IV - W&

interactions with equatorial waves? Winter, Spring, Summer, and Fall. Our segments were created by capturing the 9 months of OLR data outside of the desired

How does MJO variability impact the physical structure of equatorial waves and
the atmosphere at large?
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. Figure 5. (Right) The symmetric OLR (SOLR) spectra are shown for MJO amplitudes of (a) less than 1, and (c) greater than 2.5. The antisymmetric OLR (AOLR) spectra
demonstrates that westward MRG (negatlve wavenumbe FS) are how much gre shown for MJO amplitudes of (b) less than 1, and (d) greater than 2.5. The pink and green boxes identify which RMM index from Figure 4 produced the spectra in

wea ker’ showing signals about 10-20% weaker (Figu re 5(d))_ Interestingly, Figure 5. Each plot was made in accordance with Figure 3 (c). In plots (a) and (c), The shallow water dispersion curves for Kelvin waves and Equatorial Rossby waves
are plotted as solid black lines. Colored boxes provide a visual locator for the two waves, as well as the MJO. In plots (b) and (d), The shallow water dispersion curves

for Mixed Rossby Gravity waves are plotted as solid black lines. A green colored box provides a visual locator for the wave.

season, creating a wavenumber frequency power spectra, then subtracting the 9 month spectra from the total data spectra
(Figure 6). This segmentation method was used to maximize the number of segments available, in an effort to reduce noise.

Winter: The MJO signal is stronger in the Winter season. The
- 1] ER and Kelvin signals show some enhancement as well, though
METHODS ”"’"'WH — ., T 7 4 noise makes it hard to deduce a strong relationship (Figure
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(a) All Data MJO Season Segmentation Method

(c) All Data — Season Segmented

Wavenumber Frequency Power|. ~&Cg /8. PN, ‘ [ 5] BUEREIAS . O Er Snd ), 5k, 7(a)). East and west MRG signals are stronger, however some| E mee SR 0 4 0 s 0 0 % 45 A0 6 0 5 0 a5 2 b o5 o v ‘
Spectra: This project combines|i- | “ LN o i | B e =d e/ coall K higher frequency east MRG signals are weakened (Figure 8(a)). i Waverumter
two widely used tools in MJO * Spring: The MJO signal is stronger in the Spring season. Kelvin
literature. This power spectra, and ER signals are both weaker during the Spring (Figure 7(b)).

visualizes the wavenumbers and East and west MRG signals are both stronger in the Spring

frequencies for equatorial waves |. LRSS L bt (Figure 8(b)).

(EWs) and the MJO, as well as )/ Bl B ey '":’.’{.;:.'-.}"-:_‘.:.,.I._-.-}-.:‘§'--.'..-.: : _'_'I. L »' 2 RN * _ Summer: The MJO signal is weaker in the Summer season.
their associated power (Wheeler| -~ | T i 3‘ | ¢ Nt il R Kelvin signals are weaker, while ER signals are weaker, at
and Kiladis 1999). NI R 482 - ‘ R v = ] b Cam . Wavencber higher wavenumbers (Figure 7(c)). East MRG signals are
RMM Index: The RMM Index Figure 2. Symmetric OLR (SOLR) power spectra (a), and antisymmetric weaker at higher frequencies, while west MRG signals are

utilizes 200mb winds, 850mb OLR (AOLR) power spectra (b), with colors showing the spectral power Figure 6. Total data spectra (symmetric only) (a) and season segmented spectra unchanged (Figure 8(c)).

winds. and OLR to create an index for the. MJO, Kelvin wave, and EI? wave (a), and.MRG wave (b). MJO for the 9 months of the year besides the season of interest (b). By subtracti.ng Fall: The MJO signal is much weaker in the Fall season. Kelvin Figure 7. (Left) The symmetric OLR (SOLR) spectra are shown for all four seasons, (a) Winter, (b) Spring, (c) Summer, and (d) Fall. Winter covers the months of December, January, and
’ RMM index (c) shows the amplitude and location of the MJO at a the 9 month segmented spectra from the total data, plot (c) is produced, which February (DJF). Spring covers the months of March, April, and May (MAM). Summer covers the months of June, July, and August (JJA). Fall covers the months of September, October, and

that quantifies the location each day within our data set (_1975'201_4)' By combining the power shows the signal difference during the season of interest, compared to the total _ _ . , November (SON). Each plot was made in accordance with Figure 6 (c). The shallow water dispersion curves for Kelvin waves and Equatorial Rossby waves are plotted as solid black lines.
(phase) and strength of the MJQ Sspectra and RMM index, we isolate different MJO parameters to data. Red colors indicate signals that are stronger than the total data, while frequencies, while ER signals are weaker (Figure 7(d)). West yjored boxes provide a visual locator for the two waves, as well as the MJO.

(Wheeler and Hendon 2004) visualize the effects on equatorial waves (EWs). blue colors indicate signals that are weaker than the total data. The shallow \RG signals are much weaker, while east MRG signals are
) water dispersion curves for Kelvin waves and Equatorial Rossby waves are ’

Our Data: We used global daily OLR, tropical daily 200mb zonal wind, and tropical daily plotted as solid black lines.
850mb zonal wind. This data was provided by the NOAA PSL, in Boulder, Colorado, and (Figure 8(d)).
covers 40 years, from 1975 to 2014. All the data was confined to the tropical latitudes of
1SN to15°%s. o FUTURE WORK REFERENCES | |
Our Method: To investi gate our three ob jectives: Gottschalck, J., 2014: What is the MJO, and why do we care?. NOAA, Accessed 10 November 2023, https://www.climate.gov/news-features/blogs/enso/what-mjo-and-why-do-we-care.
= Recreate the power spectra and the RMM index, using our daily OLR and wind data,
and combine these two tools (Figure 2).
Segment the OLR data into different MJO amplitudes, phases, and seasons, and
create power spectra
Compare and analyze against the all data power spectra, to quantify the interactions
between MJO variability and EWs.
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signals are stronger at low frequencies and weaker at high

Figure 8. (Right) As in Figure 7 for the antisymmetric OLR (AOLR). The shallow water dispersion curves for Mixed Rossby Gravity waves are plotted as solid black lines. A green colored box
provides a visual locator for the wave.

weaker at higher frequencies, but stronger at lower frequency
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