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Abstract

Local meteorology over the Great Barrier Reef (GBR) can significantly influence ocean temperatures, which in turn impacts
coral ecosystems. While El Nifio-Southern Oscillation (ENSO) provides insight into the expected synoptic states, it lacks
details of the anticipated sub-seasonal weather variability at local scales. This study explores the influence of the Madden-
Julian oscillation (MJO) on Australian tropical climate, both independently and in combination with ENSO, with a focus on
impacts to the GBR. We find that during El Nifio periods, a faster propagating MJO pattern can disrupt background warm, dry
conditions, and potentially provide cooling relief via increased cloud cover and stronger winds. Conversely, in La Nina periods,
the MJO is prevented from passing the Maritime continent, forcing it to remain in a standing pattern in the Indian Ocean.
This leads to reduced atmospheric convection over the GBR, decreased cloud cover and wind, and the generation of a warm

ocean anomaly.
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Key Points:

e Composite maps show how the Madden-Julian oscillation (MJO) can change
meteorological patterns on the Great Barrier Reef.

e Cluster analysis is used to show types of MJO propagation patterns likely to occur during
El Nifio and La Nifia periods.

e Ocean temperature variability is discussed with ENSO as the background driver and the
MJO as a sub-seasonal modulator.
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Abstract

Local meteorology over the Great Barrier Reef (GBR) can significantly influence ocean
temperatures, which in turn impacts coral ecosystems. While El Nifio-Southern Oscillation
(ENSO) provides insight into the expected synoptic states, it lacks details of the anticipated sub-
seasonal weather variability at local scales. This study explores the influence of the Madden-
Julian oscillation (MJO) on Australian tropical climate, both independently and in combination
with ENSO, with a focus on impacts to the GBR. We find that during EI Nifio periods, a faster
propagating MJO pattern can disrupt background warm, dry conditions, and potentially provide
cooling relief via increased cloud cover and stronger winds. Conversely, in La Nifia periods, the
MJO is prevented from passing the Maritime continent, forcing it to remain in a standing pattern
in the Indian Ocean. This leads to reduced atmospheric convection over the GBR, decreased

cloud cover and wind, and the generation of a warm ocean anomaly.

Plain Language Summary

Bleaching is likely when tropical corals are exposed to ocean temperatures above a
threshold for a prolonged period. In austral summer, tropical weather over the Great Barrier Reef
(GBR) can vary from hot and sunny to stormy with rain and strong winds. During El Nifio,
summer weather over the GBR is typically warm, still, and dry, increasing the likelihood of coral
bleaching due to increased exposure to solar radiation and decreased mixing. During La Nifia,
tropical storms, with cooling effects through increased rainfall and cloud cover, are more typical.
The Madden-Julian oscillation (MJO) is an eastward moving storm pattern near the equator that
can also influence the background climate over the GBR. We find that the MJO can significantly
influence the weather variability over the GBR during El Nifio and La Nifia periods.
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1 Introduction

The Great Barrier Reef (GBR), located along Australia’s northeast shelf, is the world's largest
coral ecosystem, extending more than 2300km and consisting of almost 3000 individual reefs. It is
renowned for its biodiversity, cultural significance (Marshall et al., 2019), and economic value,
contributing around AUS$6.4 billion annually to the Australian economy (O'Mahoney et al., 2017).
However, corals have been seriously threatened in recent times with significant coral bleaching events
(Hughes et al., 2017; McGowan and Theobald, 2023). Mass coral bleaching, due to prolonged,
abnormally high ocean temperatures associated with climate change, is seen as the greatest threat to coral
ecosystems (Ainsworth et al., 2016; Smith and Spillman, 2019; McWhorter et al., 2022). Although corals
can recover from bleaching, the ongoing stress from rising ocean temperatures and other concurrent
threats, such as ocean acidification and pollution, amplifies the risk of harm to the GBR (De’ath et al.,

2012).

Sustained periods of sunny, weak wind days during the summer months can significantly increase
the risk of coral bleaching, with reduced cloud cover leading to shallow water warming (Zhao et al.,
2021) and low wind speeds reducing mixing (Bainbridge, 2017; Burt et al., 2019). The 2002 coral
bleaching event in the GBR, for example, was attributed to anomalously low wind speeds and low
evaporation rates which led to an accumulation of ocean heat (Liu et al., 2006). Conversely, coral
bleaching risk tends to be reduced during periods of storms or high rainfall, as increased cloud cover can
act to decrease sea surface temperatures (Hughes et al., 2017; Zhao et al., 2021) and strong winds
increases evaporative cooling and mixing of warmer surface waters with cooler deep waters (MacKellar
and McGowan, 2010; Yee and Barron, 2010). The passage of tropical cyclones can also reduce ocean
temperatures across broad spatial scales, potentially mitigating mass coral bleaching events (Carrigan and
Puotinen, 2014), although they may instead cause physical damage to coral reefs (Harmelin-Vivien, 1994;
Dixon et al., 2022). Therefore, understanding the drivers of atmospheric variability over the GBR can
inform potential predictability of bleaching events, which is essential for effective coral reef conservation

and management (Smith and Spillman, 2019).

El Nifio-Southern Oscillation (ENSO) is one of the primary drivers influencing the climate of the
GBR region (Lough, 2007; Redondo-Rodriguez et al., 2011) with its peak phase aligning with the austral
summer (December, January, February), when coral are most at risk of bleaching (Spillman and Alves,
2009). Extreme El Nifio events, for example, were the leading drivers of the mass bleaching events in the
GBR that occurred in 1983, 1998 and 2016 (Hughes et al., 2017). ENSO drives ocean temperature

variability in this region indirectly through the local meteorology established by ocean-atmosphere
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feedbacks (McGowan and Theobald, 2017), as shown in Figure 1. During EI Nifio events, sea surface
temperatures (SSTs) are generally lower in the western Pacific Ocean during the early summer, reducing
evaporation rates and resulting in reduced rainfall, a weaker monsoon, and high-pressure systems, often
leading to increased surface ocean temperatures during the late summer months (Min et al., 2013; Gillett
et al., 2023). Lower wind speeds in high-pressure systems often produce clearer waters due to less mixing
and, combined with a lack of cloud cover, renders the coral more susceptible to damage through direct
sunlight (UV) exposure (Fordyce et al., 2019).

On the other hand, SST anomalies during the austral spring months (September, October,
November) of La Nifia periods are generally positive in the GBR. These increased ocean temperatures
result in the promotion of tropical storms, including tropical cyclones, that can prevent the accumulation
of heat through increased shading and mixing between the warm upper and cool lower layers of the
ocean. While these storm conditions may reduce the threat of extreme warming, it is important to note
that they are often responsible for physical damage to coral reefs (Harmelin-Vivien, 1994; Osborne et al.,
2011). Enhanced mixing, due to stronger winds, can also lead to more turbid conditions which, when
combined with increased cloud cover, reduces the risk of damage from direct solar radiation (Fordyce et
al., 2019). However, this does mean that the area is preconditioned to extreme warming if other factors
restrict the formation of such storm patterns. While these climatic patterns of atmospheric variability due
to ENSO are generally predictable on seasonal timescales, the instability of tropical weather often alters

these patterns on sub-seasonal timescales.
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Figure 1
Schematics showing the large-scale ocean-atmosphere feedback processes that occur during EI Nifio and La Nifia in

the Pacific Ocean (blue indicates cool SST anomalies while red indicates warm SST anomalies), and the influence
on local weather patterns over the GBR that contribute to significant ocean temperature variability and coral

exposure to solar radiation.

The Madden-Julian oscillation (MJO) is the leading driver of sub-seasonal atmospheric
variability in the tropics (Madden and Julian, 1994). Presenting as a slow, eastward moving storm pattern,
the MJO propagates along the equator over a period of 30-90 days on average (Madden and Julian, 1971;
Zhang, 2005). The MJO and ENSO are connected (Hoell et al., 2014), with seasonal MJO activity seen to
precede ENSO related SST anomalies by several months (Zhang and Gottschalck, 2002). There is
potential for the MJO to promote the onset of an El Nifio by contributing to the buildup of warm water in
the central equatorial Pacific This can be driven by zonal temperature advection through Kelvin waves
(Hendon et al., 1998), or through the migration of convective energy (Bergman et al., 2001). ENSO has
also been shown to impact the longitudinal extent of the MJO, causing an eastward shift during the
mature phase of El Nifio (Hendon et al., 1999; Kessler, 2001). However, the relationship is seasonally
dependent (Hendon et al., 2007) and non-linear in nature (McPhaden et al., 2006). Therefore, assessing
the interplay between ENSO, which provides the seasonal background context, and the MJO, capable of
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modifying this background state, is crucial for understanding potential summertime weather and climate
over the GBR.

In this paper, we investigate the relationship between ENSO and the MJO. We explore their
individual and combined influences on atmospheric properties that act to increase or decrease ocean
temperatures in the GBR, and that plays a role in enhancing or suppressing coral bleaching risk. By
considering the most common types of MJO propagation patterns during El Nifo and La Nifia phases, we
have uncovered an interesting negative feedback loop which can result in weather variations contrary to

what would be expected by considering the influence of ENSO alone.

2 Data and Methods

2.1 Data

To calculate the atmosphere-ocean heat fluxes in the GBR region, we used daily output from the
Bluelink ReANalysis (BRAN) 2020 (Chamberlain et al., 2021). This reanalysis dataset is produced by
assimilating ocean observations into an eddy-resolving, near-global ocean circulation model, the Ocean
Forecasting Australia Model (OFAM) v3 (Oke et al., 2013). This model is forced by atmospheric fluxes
from the Japanese Meteorological Agency 55-year reanalysis (JRA-55) (Kobayashi et al., 2015).

We used outgoing longwave radiation (OLR) data from the U.S. National Oceanic and
Atmospheric Administration (NOAA) OLR dataset estimated from polar-orbiting satellites and
interpolated to include global spatial coverage on a daily timescale (Liebmann and Smith, 1996). The
zonal and meridional wind fields used to show anomalous wind patterns in the MJO phases were taken
from the National Center for Environmental Prediction/National Center for Atmospheric Research
(NCEP/NCAR) Reanalysis 2 product. These data were generated using a forecast model that assimilates
observational data (Kanamitsu et al., 2002) and, with a relatively coarse spatial grid of 2.5 degrees, is well
suited for the analysis of large scale processes (Dufek et al., 2008).

Finally, SST data used to show the background state of the ocean during different MJO types
(typological classes) were from the NOAA Optimum Interpolation Sea Surface Temperature V2.1
(OISSTv2.1) dataset. These 0.25° gridded global SST data are from high-resolution infrared and
microwave satellites blended with in-situ observational data from ships and buoys, and comprise daily
SSTs from 1982 to the present day (Reynolds et al., 2007; Banzon et al., 2016; Huang et al., 2021).

2.2 Calculation of indices
The MJO index was calculated using the Real-time Multivariate MJO (RMM) method of Wheeler
and Hendon (2004), where the principal component time series of the leading pair of empirical orthogonal

functions from averaged fields of the 200 hPa and 850 hPa zonal winds and OLR near the equator are
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used to describe the strength (amplitude) and position (phase) of the MJO along the equator. We consider
the MJO to be in phase when the amplitude is >1.

NOAA's Oceanic Nifio Index (ONI) (Bamston et al., 1997) was used to indicate the phase of
ENSO. An EIl Nifio state was defined when SST anomalies in the Nifio 3.4 region (5°S — 5°N, 170°W-
120°W) exceeded +0.5°C for five consecutive months, using a three-month running mean. Conversely, a
La Nifia state was identified when SST anomalies fell below -0.5°C for that region for the same

consecutive period.

2.3 Heat flux anomalies

The additional heat entering the ocean due to positive heat fluxes during each of the phases of the
MJO was calculated by summing the net contributions from the shortwave (solar) radiation, longwave
(thermal) radiation, sensible heat exchange due to the difference between atmospheric and oceanic

temperature, and latent heat due to evaporation such that:

Qnet = Qsw + Quw + Qsen + Qrat (1)

and scaling by the seawater density (p), heat capacity (C,) and mixed layer depth (H).

Heat flux = 2zet @)
pCpH

Note that we ignore the effects of upper ocean advection in this basic heat flux calculation, which we

deem to play a much smaller role in the local heating response.

2.4 Diversity of MJO events

To group individual MJO events by their propagation patterns, we used a modified version of the
method employed by Wang et al. (2019). Following their study, we defined a MJO event during the
extended austral summer (from November to April for 1982-2023) when the 20- to 70-day band-pass—
filtered OLR anomalies in the eastern Indian Ocean region (10°S to 10°N and 75°E to 95°E) were less
than one standard deviation for at least five consecutive days. To identify the different propagation
patterns of these events, a k-means cluster analysis (Forgy, 1965) was performed on the latitudinally-
averaged Hovmodller plots of each of the events. The plots covered a longitudinal extent of 60°E to 180°E
from 10 days before to 20 days after the start day of each event, to consider its propagation from the
Indian Ocean eastward beyond Australia. Each of the events was assigned to one of the leading four

nodes (Supplementary Fig. 1). Of the 120 individual events detected, the patterns of 11 events did not
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sufficiently match any of the centroids of the clusters. For more information on this methodology, see
Wang et al. (2019).

3 Results
3.1 Influence of the MJO

The influence of the MJO on weather patterns in the GBR region and resulting heat flux changes,
during the extended austral summer (November to April), are shown in Figure 2. When the winds
converge in the Indian Ocean to develop the storm pattern in MJO phases 2-3, the GBR region
experiences clearer skies (Fig 2.a), and lower wind speeds (Fig 2.€), resulting in a positive heat flux into
the ocean (Fig. 2i). As this storm pattern moves over the maritime continent in MJO phases 4-5, the cloud
cover begins to increase in the GBR region (Fig. 2b), reducing the amount of heat entering the ocean (Fig.
2j). As the MJO passes the Australian continent and moves across the Pacific Ocean in MJO phases 6-7,
the cloud cover is at its maximum over the GBR region (Fig. 2c) and wind speeds increase (Fig. 29),
resulting in heat loss in the northern GBR (Fig. 2k). Finally, as the MJO continues to move across the
Pacific Ocean in MJO phases 8-1, the patterns of reduced cloud (Fig. 2d) and reduced wind speeds (Fig.
2h) result in a positive heat flux in the northern GBR region (Fig. 2l).

a) Ph.za_ses 2-3

144°E 148°E 152°E  144°E 148°E 152°F  144°F 148°E 152°F  144°F 148°F 152°F

_ -,.. Li:i-
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LRbsE s A B e R
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Figure 2

Composite maps for the extended austral summer (from November to April) during the phase pairs of the MJO,
together with their impact on the heat fluxes into the ocean in the GBR region. (a-d) OLR (shading) and wind

direction (vectors) anomalies, (e-h) local wind speed anomalies (shading), wind direction (vectors) and (i-1) heat flux
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anomalies, where positive values represent an increase of heat into the ocean. All composites were created using
data from 1993-2023.

3.2 The MJO and ENSO

Using the k-means cluster analysis, we grouped 109 individual MJO events into four categories —
standing, jumping, fast propagating and slow propagating, as in Wang et al. (2019). As we are interested
in the connection between ENSO and the MJO, we focused on the standing and fast propagating
categories as they are associated with ENSO phases, while the analysis of all four categories can be found
in the supplementary information (Supplementary Fig. 2). Figure 3 shows the evolution of OLR
anomalies (negative shown as dashed contours, positive shown as solid contours) and the background
SST anomalies (shading) during the standing and fast propagating MJO types, as composites of 5-day
groupings from 10 days before until 20 days after the start date of each event. The left column shows the
standing pattern connected to the La Nifia phase. Prior to the commencement of the MJO events, there is a
region of positive OLR anomalies in the western Pacific Ocean (Fig 3a). As the convective energy starts
to build in the Indian Ocean from five days prior (Fig 3.c) to 5 days after (Fig 3.e) the start date, the
region of positive OLR anomalies to the east of the Australia is drawn across the north of the continent.
During the first 20 days, the MJO fails to move past the Maritime Continent and remains in the Indian

Ocean, characteristic of its early phases.

The right column shows the fast propagation pattern connected with EI Nifio. From 10 days prior
to the start of these events until five days after, there is a notable pattern of positive OLR anomalies (i.e.
reduced cloud cover) to the north of Australia, associated with the EI Nifio state (see Figure 1). The
convective energy associated with the early phases of the MJO is seen to begin to build up in the Indian
Ocean as early as 5 to 10 days before the official start of these events (Fig. 3b) and continues to increase
until 5 to 10 days after the start day. At this point, the MJO can be seen to push through the positive OLR
anomalies (Fig. 3h) until it reaches the Pacific Ocean, where it acts to extend the reach of the cloud cover
(Fig 3.1).
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Figure 3

Composite maps of the propagation patterns (using 5-day windows) of two distinct typological classes of the MJO
and associated SST anomalies, where day 0 is the start day of a MJO event. The convective centre representing the
position of the MJO is shown by negative OLR anomalies (dashed contours). The standing pattern connected to La
Nifia is shown in the left column and the fast-propagating pattern connected to El Nifio is shown in the right column.
The n-values show the number of separate MJO events in each of these groups.



227

228
229
230
231
232
233
234
235
236
237

238
239
240
241
242
243
244
245
246
247

248
249
250
251
252
253

manuscript submitted to Geophysical Research Letters

4 Summary

Figure 4 is a schematic representation of the individual and cumulative influence of ENSO and
the MJO on the atmospheric states, resulting in changes to sea surface temperatures in the GBR region.
The orange panels include the expected seasonal background states during EI Nifio and La Nifia periods
(Figure 4). El Nifio phases are characterised by cooler SSTs in the western South Pacific Ocean that
reduce evaporation rates and act to reduce cloud cover and form fewer and/or less intense storms. Over
months, these conditions act to warm and further stratify the upper ocean. During La Nifia, warmer ocean
temperatures in the western South Pacific precondition the GBR region to warming. However, as warm,
moist air rises from the ocean surface over the region, it cools and condenses aiding in the formation of
deep convective clouds. This in turn leads to increased wind speeds and reduced solar radiation, cooling

the surface ocean.

However, the MJO plays an important modulating role. During EI Nifio, warmer SSTs in the
eastern Pacific and weaker easterly winds draw the MJO from the Indian Ocean across the maritime
continent and into the Pacific Ocean into phases 5-6-7 (Fig. 3 right column). These later phases bring an
increase in cloud cover and stronger winds (Fig. 2), and have been shown to be more favourable during
this time to tropical cyclone genesis (Lee et al., 2018), often resulting in a cooling effect in the region.
The opposite can be seen during La Nifia periods, when the MJO is prevented from crossing the maritime
continent, forcing it to remain in its early phases (Fig. 3 left). These phases lead to a reduction in cloud
cover and weaker winds in the GBR and Coral Sea region (Fig. 2) and a reduction in tropical cyclone
occurrences (Lee et al., 2018), which can act to further warm the region, already preconditioned to

warming due to the La Nifa phase.

A positive feedback loop can also be established during El Nifio years, with the Indo-Pacific
Warm Pool expanding and increasing the zonal scale of the MJO (Zhang, 2005), which contributes to
westerly wind bursts (WWBS), and with stronger MJO events leading to more intense WWBs (Liang et
al., 2021). These WWBs generate eastward surface currents at the equator and downwelling Kelvin waves
that considerably increase the strength of the EI Nifio (Fedorov, 2002; Lian et al., 2014; Chen et al.,
2015).
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Figure 4

Schematic showing the complex interplay between the MJO and ENSO and the variety of paths that can be taken to
eventually result in warming or cooling of the GBR region SSTs. The panels in orange represent the typical

background conditions associated with the phases of ENSO (EI Nino and La Nina), when MJO is weak or inactive.
The boxes outside of the orange panels show how the background ENSO state can influence the propagation of the

MJO, leading to changes in the atmospheric conditions over the GBR.
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5 Discussion

In this study, we have shown how the MJO can dynamically shape weather patterns over the
Great Barrier Reef (GBR) by modulating the synoptic conditions against the background ENSO phase. It
has been previously highlighted that regional meteorology plays a significant role in influencing sea
surface temperatures in the GBR region, and thus impacting coral health (e.g. (McGowan and Theobald,
2017; Karnauskas, 2020; McGowan and Theobald, 2023; Huang et al., 2024). The vulnerability of reef
systems in this region is most pronounced during the austral summer months due to peak ocean
temperatures (Hoegh-Guldberg, 1999; Spillman and Alves, 2009). This also coincides with both the peak
of the ENSO cycle (Philander, 1983) and the increased influence of the MJO in the region due to its
position south of the equator during this time (Zangvil, 1975; Wheeler and Hendon, 2004).

We found that the atmospheric patterns linked to the phases of ENSO have the potential to evoke
the types of MJO propagations that can lead to negative feedback loops. The fast-propagating MJO type
can disrupt periods of reduced cloud cover in northern Australia (Fig. 3 right column) and draw the MJO
into phases 6-7 associated with strong winds (Fig. 2g) and heat fluxes from the ocean to the atmosphere
(Fig. 2k). During these times, coral reefs in the region experience a respite from the prevailing warm El
Nifio conditions (Fig. 1). This was seen during the 2015/16 extreme El Nifio event where a very active
MJO traversed northern Australia in December, halting the spring warming due to increased cloud cover
and rainfall. However, the MJO remained active, advancing to the east Pacific Ocean in January and
leading to suppressed convection over tropical Australia once again, exacerbating the warming effect
(Benthuysen et al., 2018).

Conversely, under atmospheric conditions during La Nifia, there is an observed inhibition of MJO
propagation beyond the Maritime Continent (Fig. 3 left column). This standing MJO remains in the early
phases (2-3), exposing the GBR to periods of reduced cloud cover and weaker winds (Fig. 2 a,e,i) —
contrary to the anticipated typical La Nifia conditions (Fig. 1). This phenomenon provides insight into the
bleaching event witnessed in early 2022. While this event was linked to unusual weather patterns (e.g.
McGowan and Theobald 2023), it was widely reported in the media that the main cause was increasing
ocean temperatures due to climate change (Whiteman et al., 2022). However, during February and March
of 2022, the MJO remained in phases 1-4 (Supplementary Fig. 2), likely aided by the La Nifia conditions,
which would explain the anomalous lack of clouds and wind which led to the bleaching event. While
acknowledging that increased ocean temperatures due to climate change pose the primary long-term
threat to coral reefs (Hoegh-Guldberg et al., 2007; Hughes et al., 2018; Sully et al., 2019), accurate
attribution of the drivers of individual coral bleaching incidents is important for more effective shorter-

term diagnoses, as well as management and planning (Trenberth et al., 2015).
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There are several theories to explain the eastward propagation of the MJO, including the moisture
mode theory (Sobel et al., 2014). From this perspective, the eastward propagation of the MJO convection
is favoured when there is an increase in the moist static energy (MSE) to the east of the MJO (Hsu et al.,
2014). During EI Nifio periods, the increased SSTs in the east equatorial Pacific results in a higher
atmospheric moisture content which increases the MSE (Back and Bretherton, 2006). During these
periods, the lower troposphere in the Pacific becomes destabilised (Wang et al., 2019), enhancing
convection and the zonal length of the vertical overturning circulation, allowing the MJO to propagate
further (Hu and Li, 2022).

Both the MJO and ENSO have also been seen to influence tropical cyclone activity. Tropical
cyclones in the Australian region typically occur between November and April (Chand et al., 2019). El
Nifio periods are accompanied by reduced cyclone activity over the northeast Australian coast and a later
start to the Australian monsoon season, generally beginning as El Nifio declines in the late austral summer
(Wang et al., 2003). Enhanced tropical cyclone activity is common in La Nifia periods across northern
Australia, assisted by elevated SSTs in the western Pacific Ocean (Hastings, 1990; Evans and Allan,
1992). MJO activity can influence the wind patterns influencing cyclogenesis (Hall et al., 2001), with
stronger wind patterns in the western Pacific Ocean during MJO phases 5-6 favoring both the
development and strength of cyclones in the Australian region, and weaker winds during MJO phases 2-3

hindering the development of cyclones in this region (Lee et al., 2018).

Correct attribution of extreme events is a complicated task (Trenberth et al., 2015). Contemporary
discourse frequently emphasises the pivotal role of climate change in influencing extreme events, yet this
tends to dismiss the roles of climate modes, which are also important drivers of these events. Although
climate change undeniably serves as a crucial factor contributing to the heightened intensity and
frequency of extreme events (Mitchell et al., 2006; Lee et al., 2023), it is essential to understand the
thermodynamic drivers to more precisely comprehend the specific influence of climate change on the
dynamics of extreme events. While increased ocean temperatures have heightened the general
susceptibility of corals to bleaching (Hoegh-Guldberg, 2011), climate change is also anticipated to exert
changes to the modes of climate variability, including ENSO (Cai et al., 2015). The expanding Indo-
Pacific Warm Pool, for example, acts as a catalyst in reshaping atmospheric patterns that will see the
MJO have an eastward longitudinal expansion and an overall acceleration in propagation speed (Cui and
Li, 2019). By understanding the dynamic interactions between the MJO and ENSO and their impact on
weather patterns in the GBR region there is potential to improve our forecasting capabilities. This will be
of benefit to those marine resource managers who require accurate forecasts of summer conditions to

make informed decisions to effectively preserve and protect the integrity of the GBR.
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