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Heatwave drivers McBride, et al. (2009)

Surface heating of mixed layer

Climate variability

Advection from north

Marshal et al., (2013)

Bieli et al., (2015)

Subsidence of potential temperature

?Miralles et al., (2014)



Notable studies on heatwave variability

Marshall et al., (2013)
Described extreme heat frequency during SAM, MJO & 
persistent highs
Intraseasonal (no ENSO)
Parker et al., (2014)
MSLP & precip composites for ENSO, SAM and MJO 
Victoria only
Perkins et al., (2015)
Correlations of heatwaves, climate modes & soil moisture
Quantification, no mechanisms explained



Frequency          Duration          Amplitude

For most of Australia ENSO accounts for most of the variability

So what are the impacts of ENSO on heatwaves?



Heatwave Definition

 Excess Heat Factor index definition. 

 Summer (Nov-Mar) heatwaves aspects Frequency, 
Duration, Amplitude

Perkins (2015)



1) How does ENSO affect summer 
heatwave drivers?

Run ACCESS with prescribed SSTs.

Generate multiple ensemble members to sample a large number of 
ENSO events.

Can ACCESS simulate the ENSO-heatwave teleconnection 
correctly?

What are the differences in MSLP, surface heat flux, and 
subsidence of potential temperature?



ENSO Composites for prescribed SSTs

ENSO years are Niño 3.4 > ±1σ

50 year spin up simulation with seasonally varying 
climatological SSTs (1970-2014 base period) and 
constant year 2000 radiative forcing.

Experimental ensembles restarted from 1st January 
of the last 30 years of the control simulation. i.e. 30 El 
Niño and 30 La Niña

Summer heatwaves are calculated for each ensemble 
using the last 30 years of the spin up as a base 
period for the 90th percentile threshold.



ACCESS ensemble means
Frequency            Duration          Amplitude   

El Niño

La Niña

Niño-Niña

Obs Niño-Niña
Perkins et al., (2015)



El Niño          La Niña
MSLP heatwave composites



Evaporative Fraction

EF = Qe / (Qe+Qh)



Potential temperature Pressure

Air parcel back trajectories

N NE

E SE

N NE

E SE

- Is there a difference in the subsidence of heat, or origin of air parcels, 
between ENSO phases?
- Using traj3d trajectory scheme
- 1 trajectory per heatwave day initiated at heatwave locations within 
each region at 900hPa
 



Sensible heat flux         Latent heat flux

Surface soil moisture

 La Niña has consistently 
fewer than average 
heatwaves.

 El Niño is more likely to 
have more than average, 
but not necessarily. Why?

 These plots show the 
difference between the El 
Niño ensembles that have 
fewer than average 
heatwaves against those 
with more than average 
(northeastern Australia 
region).
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