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Abstract The change in Madden–Julian oscillation

(MJO) amplitude and variance in response to anthropo-

genic climate change is assessed in the 1� nominal reso-

lution community climate system model, version 4

(CCSM4), which has a reasonable representation of the

MJO characteristics both dynamically and statistically. The

twentieth century CCSM4 run is compared with the

warmest twenty-first century projection (representative

concentration pathway 8.5, or RCP8.5). The last 20 years

of each simulation are compared in their MJO character-

istics, including spatial variance distributions of winds,

precipitation and outgoing longwave radiation, histograms

of event amplitude, phase and duration, and composite

maps of phases. The RCP8.5 run exhibits increased vari-

ance in intraseasonal precipitation, larger-amplitude MJO

events, stronger MJO rainfall in the central and eastern

tropical Pacific, and a greater frequency of MJO occurrence

for phases corresponding to enhanced rainfall in the Indian

Ocean sector. These features are consistent with the con-

cept of an increased magnitude for the hydrological cycle

under greenhouse warming conditions. Conversely, the

number of active MJO days decreases and fewer weak

MJO events occur in the future climate state. These results

motivate further study of these changes since tropical

rainfall variability plays such an important role in the

region’s socio-economic well being.
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1 Introduction

The Madden–Julian oscillation (MJO) is the dominant

tropical intraseasonal pattern in the earth’s climate system

(Madden and Julian 1994; Zhang 2005; Lau and Waliser

2012). The MJO has been shown to impact the variability

of the monsoon systems (Lau and Waliser 2012; Waliser

2006), to interact with El Niño/Southern oscillation events

(McPhaden 1999; Zhang and Gottschalck 2002; Lau 2005),

and affect deep oceanic variability (Matthews 2004; Mat-

thews et al. 2007). Long-term changes in MJO statistics

have been observed in the historical climate record by

Jones and Carvalho (2006). This may indicate that changes

in the background conditions can influence MJO properties

(also see Zhou et al. 2012b). Future climate scenarios

simulated with the global coupled model ECHAM4 (Liu

et al. 2012) reveal that the MJO tends to amplify under

conditions associated with global warming. Yet other
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aspects of the MJO behavior, such as changes in regional

structure, frequency of occurrence, and magnitude of

events, have not been studied extensively in this global

warming context.

Here we examine changes in the MJO in the community

climate system model, version 4 (CCSM4) for an extreme

climate change scenario for the twenty-first century.

CCSM4 has a reasonable representation of the MJO char-

acteristics both dynamically and statistically, as shown by

Subramanian et al. (2011) for a pre-industrial control run

of CCSM4. The focus here is on analyzing the changes to

the structure and amplitude of the MJO in a global

warming scenario compared to a twentieth century simu-

lation. By comparing standardized measures of MJO

responses (Waliser et al. 2008), these two runs can be

compared to estimate the impact of a changed climate due

to greenhouse gas forcing on this important tropical mode

of variability.

While improvements in simulating MJO dynamics have

occurred over the years, global climate models still do not

realistically reproduce all characteristics of the observed

MJO (Zhang 2005; Lin et al. 2006). The objective of this

study is to show projections of possible changes in the

activity of the MJO under one particular extreme climate

warming scenario for one model that simulates the MJO

well. Understanding the MJO response to global warming

is likely to be most pronounced under this extreme sce-

nario. Although there remains considerable uncertainty

concerning the magnitude of the global climatic tempera-

ture response to a given increase in greenhouse gases, a

number of climatic responses are tightly coupled to the

temperature response (Held and Soden 2006; Meehl et al.

2012). Most of these are related, directly or indirectly, to

lower-tropospheric water vapor. Since previous studies

indicate that lower-tropospheric water vapor will increase

as the climate warms (Seager et al. 2012; O’Gorman and

Schneider 2009b; Held and Soden 2006; Trenberth et al.

2003; Allen and Ingram 2002), key phenomena that are

intimately tied to the hydrological cycle, like MJO, will

likely be modified by this increase in water vapor. The

results found here indeed indicate that important changes

do occur in the intensity and spatial structures of MJO

activity.

Section 2 briefly describes the CCSM-4 model, the

observational data sets, and the methodology used to

diagnose the MJO and changes related to global warming.

Section 3 describes the changes in the mean climate of the

Tropics due to global warming in dynamical and hydro-

logical fields. Section 4 compares the MJO response in the

future climate to that of the twentieth century and the main

changes to the MJO structure and activity in the future

climate are described. A summary and discussion are given

in Sect. 5.

2 Model simulations and methodology

2.1 CCSM-4 model

The CCSM4 includes a finite volume dynamical core with a

nominal 1� resolution (0.9� 9 1.25�), 26 level version of

community atmosphere model, version 4 (CAM4). There

have been a number of changes to the dynamics and moist

physics in CAM4 (Gent et al. 2011, 2010). The finite vol-

ume dynamical core (Lin 2004) replaces the spectral Eule-

rian core as the default dynamical core in CAM4. The deep

convection scheme has two key modifications: the calcula-

tion of convectively available potential energy (CAPE) is

now based on a dilute entraining parcel (Neale et al. 2008),

and the sub-grid scale vertical transport of momentum by

deep convection is included according to Richter and Rasch

(2008). The convection scheme changes provide significant

improvements to the mean atmosphere climate of CAM4

(Zhou et al. 2012a), and improvements are even larger when

CAM4 is coupled within CCSM4 (Gent et al. 2011). More

striking are the improvements to transient climate variabil-

ity within the tropics, related to higher frequency convec-

tively forced and dynamically coupled variability (Neale

et al. 2012). Strong precipitation events are more frequent,

the precipitation diurnal cycle is more accurate, and the

representation of the MJO (Subramanian et al. 2011; Zhou

et al. 2012b) and ENSO (Neale et al. 2008; Deser et al.

2012) is improved. Numerous aspects of the CCSM4 ocean

model (1� resolution, with meridional refinement to .25� at

the equator) have improved as well (Gent et al. 2011),

resulting in such things as a sharpening of the equatorial

currents and a more realistic representation of tropical

instability waves (Jochum et al. 2008).

Analysis here focuses on the CCSM4 simulations car-

ried out for the coupled model intercomparison project

(CMIP5). We analyzed a current climate CCSM4 experi-

ment, which includes a combination of anthropogenic and

natural forcings representative of the twentieth century

(Gent et al. 2011). The anthropogenic forcings include

time-evolving GHGs, and also prescribed concentrations of

tropospheric ozone, stratospheric ozone, the direct effect of

sulfate aerosols and black and primary organic carbon

aerosols that evolve spatially and temporally.

Representative concentration pathways (RCPs) runs of

CCSM4 are also available (Lamarque et al. 2010, 2011;

Meehl et al. 2012). These provide a profile of radiative

forcing, derived using specified socio-economic models

(Moss et al. 2010). We analyze the RCP8.5 case, which

changes the globally averaged top-of-atmosphere radiative

balance by 8.5 W/m2. This run bears on the extreme cli-

mate change scenario, which is most likely to show a

strong signal in changes to the MJO. For this analysis, we

consider the 20-year time periods of 1981–2000 and
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2081–2100 for comparison. We first discuss the changes to

the mean SST and tropical atmospheric circulation perti-

nent to changes in MJO in the following section, and then

address changes in MJO itself in subsequent sections.

2.2 Methodology

The time series of variables from the CCSM4 model for the

twentieth century run and the twenty-first century run are

saved as daily mean values for analysis. The anomalies for the

winds, precipitation and outgoing longwave radiation (OLR)

for the last 20 years of each run are computed after removing

the climatological mean for the last 20 year period of the

respective centuries. The anomaly fields are then filtered with

a 20–100 day band pass filter to isolate the MJO signal. The

variance, wavenumber-frequency power spectra and differ-

ences thereof for the two centuries are computed. A multi-

variate EOF analysis (Wheeler and Hendon 2004) is then

performed on the zonal winds at 850 and 200 hPa and OLR to

derive the first two linear modes of variability in the tropics,

which explain about 40 % of the variance. The differences in

the MJO fields thus identified are then illustrated with further

analysis of the principle components of these EOFs and the

spatial distribution of the EOFs. Histograms of MJO activity,

defined as days during which MJO amplitude exceeds a

certain threshold (1.0 or 1.5, as specified in Table 1) for at-

least 10 consecutive days, and MJO phase, defined as number

of days the MJO is active in four regions around the global

tropics, are also used to diagnose changes. Composite maps

of the MJO evolution for the two 20 year periods are also

computed based on the MJO index derived from the first two

PCs of the EOF analysis (as explained in Waliser et al. 2008).

3 Changes to mean climate and its variance

Changes in SST in these two CCSM-4 runs were previ-

ously described by Stevenson et al. (2011). SST increases

throughout the tropics, with the east–west gradient of SST

along the equatorial Pacific decreasing in the eastern tro-

pics and increasing in the western tropics as seen in Fig. 1.

Overall, the mean east–west SST difference, computed as

area-averaged SST in the east and west equatorial Pacific

Ocean as described in Karnauskas et al. (2009), decreases

from roughly 4.2� in the twentieth century to 3.8� in the

twenty-first century.

As Tokinaga et al. (2012) suggest, coincident changes in

the Walker Cell may occur with these SST gradient

changes. We computed their measure of Walker Cell

change, which is based on equatorial zonal gradients of

area averages of sea level pressure (SLP) and SST. The

result for this pair of runs, d(SST) = -0.4 K/60 yr,

d(SLP) = ?0.03 hPa/60 yr, does not suggest any strong

change in the Walker Cell has occurred (and falls on their

Fig. 3 graph near the values for the twentieth century

reanalysis).

To further identify possible changes in the vertical struc-

ture of the equatorial atmospheric circulation, Fig. 2 shows

the 850mb winds for current climate along with the change in

the twenty-first century. A strengthening of both the

westerlies over the Maritime Continent (MC) and the eas-

terlies in the central equatorial Pacific occurs in the mean

state for the twenty-first century, resulting in stronger con-

vergence in the western equatorial Pacific. Vertical velocity

at 500 mb in the twenty-first century case (Fig. 3) also

increases between the MC and the dateline, suggesting a

local intensification of the updraft branch of the Walker Cell

in that region. At 200 mb in the twenty-first century (Fig. 2),

stronger divergence occurs in that region as well. Taken

together, stronger convergence near the surface and stronger

divergence aloft are linked by air rising more vigorously in

the western equatorial Pacific. This region, however, is much

further east of the area where the strongest rising air occurs

over the MC in the mean twentieth century climate.

In the eastern tropical Pacific, the picture is less clear.

Easterly winds at 850 mb decrease, which reduces

Table 1 Difference in number of MJO active days (defined as days with MJO amplitude[1.5 for the table above and[1.0 for the table below)

in CCSM4, [RCP8.5 (twenty-first century) - (twentieth century)]

Western Hemisphere Indian Ocean Maritime Continent West Pacific

Days (twenty-first - twentieth century) (%) 12 ± 8 32 ± 12 14 ± 8 31 ± 12

Mean amplitude diff. (%) 7 4 8 3

Days (twenty-first - twentieth century) (%) 3 ± 4 11 ± 8 -4 ± 4 3 ± 4

Mean amplitude diff. (%) 7 4 7 3

Confidence intervals represent 5 % significance levels based on a two-sided t test using the relation for standard error for histograms,

SD = Nk - Nk
2/N, (where Nk is the sample size in each bin) by (D’Agostini 2003) and each 16 days is assumed to be one independent sample.

The number of degrees of freedom was computed using a lag-1 autocorrelation. The difference in mean amplitude (RCP8.5—twentieth century)

is indicated on the bottom row of the table. Confidence intervals represent 5 % significance levels based on a two-sided t test using the standard

deviations of the amplitudes and assuming each day is an independent sample. The change in amplitude is always positive indicating that the

average amplitude of the MJO is increasing in the future climate
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equatorial upwelling and contributes to warming the SST

in that region. Westerly winds aloft at 200 mb are reduced

and vertical velocity at 500 mb decreases. A simple local

relation between divergence and convergence of the trop-

ical wind fields and vertical velocity is not evident in the

simulations. Over the Indian Ocean (IO), where SST has

warmed in the twenty-first century run, the vertical velocity

at 500 mb decreases, as does the shear in the 200–850 mb

zonal wind fields.

While the mean OLR pattern shown in Fig. 4 generally

mimics the mean SST pattern in the twentieth century run,

the change in OLR does not exhibit the same east–west

structure along the equator as the change in SST for

twenty-first century conditions. Instead, it has a large

change towards cloudier conditions over the warm pool,

where SST rises moderately, and weak change over the

eastern tropical Pacific, where SST warms strongly. The

lack of a strong change in the eastern tropical Pacific OLR

may be due to the low background convection in this

region.

Previous studies suggest that the atmospheric Walker

Cell in the tropics should weaken in response to climate

change (Vecchi et al. 2006; Held and Soden 2006) due to

an imbalance between increases in the evaporative flux and

convective precipitation. But that adjustment process does

not seem to apply here where much more complicated

processes occur. The connection between the SST zonal

gradients and the overlying Walker Cell perturbation (e.g.,

Tokinaga et al. 2012) in the twenty-first century run is not

obvious and does not appear to directly relate to the results

of Vecchi et al. (2006) and Held and Soden (2006).

4 Changes to the MJO

The MJO occurs as an energetic climate mode of intra-

seasonal variability in both current climate and future cli-

mate scenarios. In order to isolate the fraction of variance

associated with intraseasonsal oscillations, key fields are

bandpassed to 20–100 day periods. Both the total (Fig. 5)

Fig. 1 Annual mean surface temperature (�K) for a the twentieth century forcing, b difference between the twenty-first and twentieth century.

The period used to calculate for were the last 20 years from each century

2022 A. Subramanian et al.
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Fig. 2 a Annual mean zonal

winds (m/s) at 850 hPa for the

twentieth century forcing and

b the difference between the

twenty-first and twentieth

century. c Annual mean zonal

winds at 200 hPa for the

twentieth century forcing and

d the difference between the

twenty-first and twentieth

century for the same. The period

used to calculate for were the

last 20 years from each century

The MJO and global warming 2023
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Fig. 3 Annual mean vertical

velocity (Pa/s) at 500 hPa for

a the twentieth century forcing,

b difference between the

twenty-first century and

twentieth century. The period

used to calculate for were the

last 20 years from each century

Fig. 4 Annual mean OLR

(W/m2) for a the twentieth

century forcing, b difference

between the twenty-first and

twentieth century for the same.

The period used to calculate for

were the last 20 years from each

century
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and the intraseasonal (Fig. 6) precipitation variance

exhibits a distinct net increase under global warming, while

preserving a similar spatial distribution as the current cli-

mate case. This is consistent with an amplification of the

water cycle in a global warming scenario in CCSM4 which

has been studied earlier in idealized GCMs and climate

models (Allan and Soden 2008; Schneider et al. 2010;

O’Gorman and Schneider 2008, 2009a). The total variance

in the zonal 850 hPa winds (Fig. 7) has the same general

pattern for both cases, except for a 10–20 % decrease in the

Fig. 5 Total precipitation variance (mm2/day2) for 50 years of twentieth century (top) and twenty-first (bottom) simulation

Fig. 6 Percentage variance of intraseasonal precip in the twentieth century (top) and twenty-first century (bottom) run. The contours are drawn

for every 10 % increase in variance explained by the intraseasonal precipitation
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RCP8.5 forced run in the western equatorial Pacific Ocean

region. It is unclear from our analysis why the precipitation

variance increases in the RCP8.5 forced run while the

850 hPa zonal wind variance decreases in this region.

Likewise, the intraseasonal variance in the 850 mb zonal

winds explains a similar fraction of total variance, except

over the MC, where it explains roughly 10 % more. We

next identify MJO spectral changes for these ISOs.

The power spectra for OLR and 850 hPa winds are

enhanced in wavenumbers 1–4 (Fig. 8) in the eastward

propagation directions indicating an enhanced MJO. There

is also increased power in the lower frequencies in the

twenty-first century run. The enhanced lower frequency

power in winds and convection combined with an

increased eastward propagation of the MJO convection

indicate a slower, more intense MJO convection propa-

gating eastward in the warmer and wetter Tropics. There is

an enhancement at zonal wavenumber one for the

45–120 day periods for the 850 hPa spectra. There is also a

substantial enhancement at zonal wavenumber one to three

at about 45–120 day periods and slower for the OLR

spectra. We next focus on the MJO structural changes.

The MJO Index (MJOI) is diagnosed by computing the

combined EOFs of 850, 200 mb winds, and OLR and pro-

jecting the spatial patterns onto the total fields. Values of

MJOI[1.0 are selected as indicating active MJO days. The

CEOFs for each case are shown in Fig. 9. CEOF2 of future

climate corresponds to CEOF1 of twentieth century climate

and CEOF1 of future climate corresponds to CEOF2 of the

twentieth century. The corresponding CEOFs are surpris-

ingly similar for the two different climates, except for a key

structural change in OLR across the tropical Pacific in one

of the modes (CEOF2 for the future climate case) and a

flipping of order in the dominant CEOFs associated with a

change in explained variance. In the current climate case

CEOF1, the OLR jumps from the nodal point at 120�E to

high values in the western equatorial Pacific and then

decreases slowly towards the east. In the future climate case

CEOF2, the OLR rises steadily from the nodal point near

120�E to high values in the eastern equatorial Pacific. This

suggests a stronger penetration of MJO rainfall activity

across the tropical Pacific in the future climate case.

The frequency of MJOI activity, defined as the number

of days when MJOI[1 with a duration of at least 10 days,

Fig. 7 Total variance in the zonal 850 hPa winds (line contours, in m2/s2) and percentage variance explained by the intraseasonal oscillations

(color contours) for a the twentieth century simulation and b the twenty-first century simulation

2026 A. Subramanian et al.
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for the twentieth century and the RCP8.5 case is presented

in Fig. 10 as a histogram. The number of active MJO days

decreases slightly in the global warming scenario as shown

by the first point in the histogram difference plot. However,

when the MJO is active in the future climate case, the MJO

events tend to be of much higher amplitude. There are a

greater number of events from MJOI = 3 to 7 in the global

warming case, while the weaker MJO, with MJOI = 1–2,

become less frequent. The increase in number of days in

the RCP8.5 run with MJO amplitude [2 is also consistent

with the increase in variance of the intraseasonal precipi-

tation (Fig. 6). These results provide more evidence for an

enhanced hydrological cycle in the future climate scenario.

The phases of the CEOF provide another way to identify

changes in the spatial structure of MJO activity in the

future climate scenario. For example, when the MJOI

phase is 2 and 3, convection is strong in the IO and

suppressed downstream. So if these phases are more pre-

valent in one simulation, it indicates regional changes in

MJO activity. Using this approach, the number of MJO

active days are binned into four phases, each associated

with a region: IO (phases 2–3), MC (phases 4–5), West

Pacific Ocean (WPO, phases 6–7) and Western Hemi-

sphere (WH, phases 8–1). Table 1 shows the percentage

difference in number of strong active days (for MJOI[1.0)

in each regional phase grouping for future climate from

current climate. Only the Indian Ocean shows a strong

change in this case. Recognizing that strong events are

more common in the warmer climate (Fig. 10), we

recomputed those statistics for MJOI [1.5. By this crite-

rion, both the IO and WPO show a strong increase, and in

addition the MC and WH both show a moderate increase,

in MJO activity. The mean amplitude of MJOI activity in

each phase also increases, the largest change being 0.2 for

(a) (b)

(c) (d)

Fig. 8 Wavenumber-frequency

power spectra (m2/s2) for 850

hPa zonal winds averaged in the

boreal winter seasons over

10�S–10�N for a the twentieth

century forcing and b the

twenty-first century forcing.

Wavenumber-frequency power

spectra (W2/m4) for Outgoing

Longwave Radiation averaged

in the boreal winter seasons

over 10�S–10�N for c the

twentieth century forcing and

d the twenty-first century

forcing. The period used to

calculate for were the last

20 years from each century
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(a) (b)

Fig. 9 Multivariate EOF for zonal winds at 200 and 850 hPa and OLR in the twentieth century (top) and twenty-first century (bottom) run.

a Twentieth century, b twenty-first century
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Fig. 10 MJO activity in the present vs future climate of RCP8.5

scenario. The number of days that the MJO is active at a certain MJO

amplitude is plotted as a line histogram in a. The difference between

the present and future MJO active days for each amplitude is plotted

in b. Errors bars in a represent 95 % confidence intervals based on

assuming each 16-day period (from lagged autocorrelation) is an

independent sample and using the relation for standard error for

histograms STD = Nk - Nk
2/N, by D’Agostini (2003). Errors bars in

b represent 5 % significance levels based on a two-sided t test
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the WH and MC phase, which corresponds to a 7 %

increase while the other two regions show an increase of

0.1 in the mean amplitude. This is consistent with the

increase in variance of the intraseasonal precipitation

observed in the Tropics in the RCP8.5 case.

Figure 11 shows the composite reconstruction of a

typical MJO event for both current and the future climate

cases. As expected from the previous results, the basic

structure of MJO in both cases is very similar. However,

one can identify enhancements to the magnitude and

structure of OLR activity in two key places. Phases 3, 4 and

5 have a much stronger extension of convective activity

across the MC and into the western Pacific. Likewise,

phases 6 and 7 have a larger scale and more coherent

precipitation structure in the eastern Pacific. Both these

effects are consistent with the general warming of SST

across the equatorial region and the consequent greater

availability of ambient water vapor for general convective

systems. Previous studies have shown an increased east-

ward propagation of the MJO during El Niño events,

supported by the warmer waters in the central and eastern

Pacific (Roundy et al. 2010; Zhang and Gottschalck 2002).

Also, Maloney et al. (2010) show that a reduced meridonal

SST gradient, such as is found in the twenty-first century

simulation here (Fig. 1), allows a more energetic MJO-like

signal in their aquaplanet simulation. Detailed budget

analyses will be required to determine if similar processes

will be in play for warmed future climate states.

5 Summary and discussion

The response of the MJO to climate change is studied using

the CCSM4 model by comparing a current climate run to an

extreme global warming scenario. Changes in the mean

tropical climate support higher amplitude MJO events. Yet

the MJO occurs less frequently in the warmer simulation.

The MJO also tends to propagate further into the central and

eastern Pacific in a warmer world. The number of MJO

occurrences in the IO and western Hemisphere also increases

by about 7 % in the future climate case, while the occurrence

rate in the rest of the tropics increases to a lesser extent. The

increase in average MJO amplitude and enhanced high

amplitude MJO activity in the global warming scenario is

consistent with previous studies showing extreme precipi-

tation events amplifying in a warmer atmosphere (Allan and

Soden 2008; O’Gorman and Schneider 2009b).

Previous observational studies indicate that the MJO

shows regime changes on low-frequency time-scales (Jones

and Carvalho 2011). Jones and Carvalho (2006) show a

long-term trend in the MJO activity in reanalysis product

including a trend toward greater event frequency after the

mid-1970s (Jones and Carvalho 2006; Pohl and Matthews

2007). The changes in the MJO shown by these studies

coincide with the long-term warming in the Indian Ocean

and western Pacific warm pool.

The mechanisms involved in the initiation, propagation

and non-periodicity of the MJO continue to present a major

(a) (b)

Fig. 11 Phases of the MJO in winds at 850 hPa (arrows, in m/s) and OLR (color contours, in W/m2) for the twentieth century simulation

(left panel) and the twenty-first century for the same (right panel). a Twentieth century, b twenty-first century
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challenge to develop a complete theory of the oscillation.

Many previous studies have improved our understanding of

the characteristics of the MJO changes due to background

climate changes on seasonal to interannual time scales

(Zhang 2005; Kiladis et al. 2009; Lau and Waliser 2012).

In contrast, the behavior of the MJO on longer time scales

is not clear, largely due to a lack of data records long

enough to resolve interannual fluctuations of intraseasonal

variability. Climate modeling studies and reanalysis prod-

ucts provide an important bridge to understanding these

effects. Warmer tropical oceans causing increased MJO

activity was shown by (Slingo et al. 1999) using controlled

model experiments. Yet, there is a lack of sufficient

understanding of dynamical mechanisms that explain this

concurrent warming of the oceans and the concomitant

increase in intraseasonal variability in the tropics. Low-

level convergence of moist static energy and concurrent

mid-tropospheric drying from a previous MJO cycle acts as

precursors to the MJO initiation in the IO. Warmer Indian

and Pacific oceans can increase the background convective

available potential energy available for triggering MJO

events.

The results from this study raise some important ques-

tions that deserve future investigation. Further studies with

idealized GCMs and climate models are needed to clarify

the dynamical mechanisms forcing regime changes in the

MJO. Links between regime changes in the MJO and other

low-frequency modes of the coupled ocean-atmosphere

system (e.g., ENSO, the Indian Monsoon, Walker Cell,

etc.; see Subramanian et al. 2011, for preliminary results)

need to be investigated further. Since the MJO is a critical

component in modulating weather variability in the tropics

and extratropics of both hemispheres, knowledge of the

long-term behavior of the MJO is very important in having

a good understanding of future climate states and conse-

quences for humanity.
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