
Atlantic MultidecadalVariability modulates the climate 
response to El Niño-Southern Oscillation in Australia

Paloma Trascasa-Castro1, Amanda Maycock1 , Yohan Ruprich-Robert2, Marco Turco 3 and Frederic Castruccio4

1University of Leeds, UK 2Barcelona Supercomputing Center, Spain 3Universidad de Murcia, Spain 4National Centerfor Atmospheric Research, USA

ee17pt@leeds.ac.uk       @PTrascasaCastro

Background

Does AMV modulate ENSO variability? How?

Methods

We used output of idealizedAMV simulationsrun with the NCAR-
CESM1 model as part of the DecadalClimate Prediction Project
(DCPP)(Boeret al. 2016). TheObservedAMV pattern (ERSSTv4) was
imposedto preindustrialSSTsthroughsurfaceflux restoring.

FixedAMV pattern which doesnot vary
in time nor accountfor AMV seasonality.
30 membersx 9 full winter seasons= 270
yearsper AMVphase.

FIG. 1. Internal (redandblue)versusexternal(black)componentsof the observedAMV(Ruprich-Robertet al., 2017).

FIG. 3. AMV+ target pattern obtained from observations
(ERSSTv4). Filled contours correspond to SSTanomalies (K)
warm AMV phase. The negative AMV pattern (AMV-) is
equivalentin amplitudebut with oppositesignSSTanomalies.
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FIG. 2. Tropical Pacific mean state
changesbetween Atlantic Multidecadal
Variability (AMV)+ and !a±ҍin (a)
SST(b)precipitation and 850 hPawinds
in boreal winter (December-February;
DJF). Note inverted color barsin the left
and right columns. Hatchedareasshow
non significant anomalies at the 95%
confidencelevel.

FIG. 4. AMV modulation of El Niño (c) SSTand (d)
precipitation. BlackcontoursshowcompositeElNiño
anomaliesfrom!a±ҍoverlaidin contours.

El Niño events in AMV+ have cooler
SSTs(~10%) in the central (CP)and
eastern (EP) equatorial Pacific and
warmer SSTsin the west (WP)Pacific
(Fig4.a).

UnderAMV+conditions,precipitation
anomalies during El Niño (Fig. 4.b)
shift from CPto WP,with a decrease
in CPprecipitation anomalyofḐ40%.

To find the causeof the changein ENSOSSTsbetweenAMV+and AMV- we used
the BjerknesStabilityindex(BJ)(Jinet al. 2006).
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Current damping Thermodynamic

The main contributor to the decreasein ENSOgrowth rate is a weakened thermocline feedback, which
dominatesfrom borealsummerthroughearlywinter, directlyaffectingthe ENSOgrowingseason.

DuringAMV+ (Fig. 5a), equatorialwind stressanomaliesareconfinedover the WP,makingthe EPthermocline
lesssensitiveto wind stress(Ҩ♫▐, in agreementwith Lübbeckeand McPhaden(2014)). TheEast-Westupper
oceanheatcontentgradientincreasesandthe thermoclinesteepensin AMV+comparedto AMV-.

Thetrade wind slackeningassociatedwith ElNiño are accompaniedby a westwardshift of the maximumSST
anddeepconvectionanomalies(Fig. 5b).
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The Atlantic Multidecadal Variability (AMV) is a North-Atlantic basin wide sea
surfacetemperature(SST)fluctuationon multidecadaltimescales.

In boreal winter, warm AMV conditions(AMV+)drive tropical Pacificcooling(Fig. 2a), a northward shift of the Intertropical
ConvergenceZone(ITCZ)anda strengtheningof the trade windsacrossthe equatorialPacificOcean(Fig. 2b). Thesechangesin
the tropical Pacificmean state are a signatureof a strengthenedWalkercirculation,a key mechanismin the tropical Pacific
responseto warm SSTsin the tropical/North Atlanticat interannual(Rodríguez-Fonsecaet al., 2009) andmultidecadal(Ruprich-
Robertet al., 2017) timescales.

* Same method for La Niña
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ENSOgrowth rate decreasesby 30%in AMV+comparedto AMV-

AMV and ENSO superimposed
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FIG. 5. Schematicoverlayof (a) the meanstatechangesdueto AMVin the equatorialPacificin JASONand(b) the climateresponseto ElNiñomodulatedby the AMV
in DJF. Shadingshowsoceantemperatureanomalies. Redandblue linesin both panelsshowthe 20°Cisothermin the AMV+and!a±ҍexperiments,respectively.

FIG. 6. ElNiño (top) andLaNiña(bottom) temperatureanomalies(K)in filled contoursandprecipitationanomalies(mm day-1) in black
contoursin DJF. Mean ENSOimpactsare shownin a) and e), the differencebetween the absoluteresponseto El Niño or LaNiña in
AMV+and AMV- is shownin b) and f), the meanchangesdue to AMV appearin subpanelsc) and g) and the AMV modulationof El
Niño or LaNiñaimpactsareshownin d) andh).

Over Eastern Australia and under warm AMV conditions,El Niño summersare cooler and
wetter, andLaNiñasummersarehotter anddrierҦAMVweakensENSOimpacts.

OverSouthwestAustralia, El Niño summersare hotter and drier and LaNiña summersare
coolerandwetter in AMV+comparedto AMV-ҦAMVintensifiesENSOimpacts.

We linked the surfaceresponseto anomaloussubsidenceassociatedwith changesin large
scaledynamicsdrivenby AMV+,rather thancausedby localscaleprocesses.

Empiricalrelationshipbasedon the observedstandardizedprecipitation
and evapotranspirationindex(SPEI)estimatesthe extent of burnedarea
basedon preconditioningfactors such as changesin precipitation and
temperatureprior andduringthe fire season.
SPEI12 (Feb-Jan)explains66%of observedburnedareain SEAustralia.

FIG 7. Study
domain consists
of largely
forestedareasin
the southeastof
Australia with
fire data from
1971to 2020.

AMV signal removed

FIG8. Boxplotsof absolute(left) and anomalous(right) burnedarea(km2) in SEAustraliaestimated
usingCESM1 output with the empiricalSPEI-BArelationship. Red(blue) boxplotsindicatevaluesin
AMV+(AMV-). Numberson top show the % differencebetween El Niño (or LaNiña) in AMV+and
AMV- andtheir associatedp valueestimatedwith a double-sidedt-test.

CESM1 output

Burnedareadecreasesby 14%
in AMV+comparedto AMV-.

When El Niño co-occurswith
AMV+, burned area
decreases significantly by
19%(Fig. 8 left).

However, if we remove the
mean AMV signal we find
that ǘƘŜǊŜΩǎno statistically
significant AMV modulation
of the ENSO-fire relationship
in SEAustralia(Fig. 8 right).

observations

ENSO-driven burned area in SE Australia


