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Hydroclima+c	variability	and	the	
Australian	context	

Large	interannual	and	inter-
decadal	variability	
	
Recent	significant	and	prolonged	
drought,	record	wet	events	
	
Possible/likely	regime	shi>s	
	
	



What	ques+ons	do	we	want	to	answer?	

A@ribuAon	of	recent	
events	–	context	in	
palaeoclimate	record	
	
Mechanisms	driving	
Australian	hydroclimaAc	
variability	
	
Future	hydroclimaAc	
change?	

KnuI		&	Sedlacek	(2013)	
Nature	Climate	Change	

Risbey	et	al.	(2009)	
Monthly	Weather	Review	



Data	challenges	–	proxy	availability	(or	not)	

Gergis	et	al.	(2014)	PAGES	Magazine	

Jan-Dec	

Jun-Nov	

Reasonable	spaAal	coherence	in	some	seasons	
	
But,	near-coastal	areas	generally	show	less	
coherence	



Data	challenges	–	using	remote	proxies	

Corals 
Trees 
Ice cores 

Gergis	et	al.	(2012)	Clima&c	Change	

ENSO	
IOD	

SAM	

%	

Percentage	of	variance	in	interannual	
precipitaAon	explained	by	ENSO,	IOD	and	SAM	

El	Niño-Southern	OscillaAon	(ENSO)	

Indian	Ocean	Dipole	(IOD)	

Southern	Annular	Mode	(SAM)		



Southeast	Australian	rainfall	reconstrucAon:	1783–1989	

Observed area-averaged rainfall from extended stations (1873–2006)  
Observed area-averaged rainfall from spatially complete grids (1900–2009) 
Median of rainfall reconstruction ensemble 

Data	challenges	–	using	remote	proxies	

Gergis	et	al.	(2012)	Clima&c	Change	



Data	challenges	–	using	remote	proxies	

ENSO	DJF	 SAM	JJA	

Gallant	et	al.	(2013)	J.	Climate	



Data	challenges	in	Australia	-	summary	

Lack	of	data	a	problem,	parAcularly	inland	(o>en	where	informaAon	
most	highly	valued!)	
	
SpaAal	coherency	of	rainfall	in	Australia	=	good	
	
Seasonal	variaAon	in	coherency	=	less	good	if	proxies	pick	up	highly	
seasonal	signal	in	season	with	less	coherence	
	
Reliance	on	teleconnected	data	for	reconstrucAons	potenAally	
problemaAc	

•  PotenAal	problems	associated	with	non-staAonarity	(not	the	
only	issue)	

•  Danger	of	periods	where	proxies	are	unreliable	
			



Variability	in	precipitaAon	underesAmated	in	forced	SST	
runs.	
	
RelaAonships	with	El	Niño–Southern	OscillaAon	and	
Indian	Ocean	Dipole	of	correct	sign,	strength	
underesAmated.	
	

HadAM3P	
CAM5-1	
MIROC5	
ObservaAons	 			El	Niño	(Niño	3.4	>	0.5°C)	

			La	Niña	(Niño	3.4	<	-0.5°C)	
	

			PosiAve	IOD	(DMI	>	0.3°C)		
			NegaAve	IOD	(DMI	<	-0.3°C)		

Modelling	challenges	in	Australia	–	
variability	underes+mated	

Gallant	&	Lewis	in	prep.	



Modelling	challenges	in	Australia	–	
teleconnec+on	paFerns		

ENSO	DJF	 SAM	JJA	

Coupled	models	do	
not	simulate	
teleconnecAons	
well	
	
	
Errors	independent	
between	models	
(i.e.	not	systemaAc)	

Gallant	et	al.	(2013)	J.	Climate	



Modelling	challenges	in	Australia	–	
teleconnec+on	paFerns		

CSIRO	Report,	Climate	Change	in	Australia	(2015),	Chapter	5,	Fig	5.2.9		



Model	challenges	-	summary	

UnderesAmaAon	of	variability	in	precipitaAon,	parAcularly	in	
lower	tails	(showed	southeast	Australia	only)	
	
One	large	source	of	underesAmaAon	stems	from	weaker	
teleconnecAons	in	the	models	
	
	



An	itera+ve	approach	to	data-model	
comparison	

Models	 Proxies	

An	iteraAve	exchange	for	building	knowledge	

HadAM3P	
CAM5-1	
MIROC5	
ObservaAons	


