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NCDC/NCEI	paleoclimate	datasets	

																			57	proxy	records	
-  Hydroclimate	records	from	the	tropical	Pacific	region	
-  Span	100-1000	yr	BP	with	temporal	resolu3on	≤	100	yrs	
-  Da3ng	error	<	100	yrs	

-  Speleothems	
-  Lake	and	marine	sediment	
-  Tropical	glaciers	
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Longterm	hydroclimate	changes	over	LM	
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Southward	precip	shiN	through	LM	



PMIP3	last	millennium	simulaPons	
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Volcanic	forcing	drove	global	cooling	during	the	LIA	

Volcanic	forc	

Model	

-  LIA forcing dominated by volcanic forcing (65%) 
-  Land use (13%), GHG (12%) and solar (10%) 

changes make up much smaller contributions 



Global	temp	trends	in	PMIP3	models	

MCA:	
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LIA	
1600	–	1850	AD	



MulP-model	precip	changes	(LIA	–	MCA)	

During	LIA	in	
tropical	Pacific:	

-  Drier	Pacific	
ITCZ	

-  Eastward	shij	
of	SPCZ	

-  Drier	E.	Asia/
India	

*S3ppling:	5/6	models	agree	on	the	sign	of	ΔP	
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Moisture	budget	decomposiPon	

Δ(P-E)	

Δq	=	thermodyn	
contributors	

Δu	=	dynamic	
contributors	

Moisture	
budget	

Seager	et	al.,	2010	

Atwood	et	al.,		
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Moisture	budget	decomposiPon	

P-E	changes:	
-  Global	cooling	drives	drying	in	rainy	regions	
-  Posi3ve	dynamical	feedback	in	Pacific	ITCZ	

Δ(P-E)	

Thermodyn	
(Δq)	

Mean	
circulaPon	

dynamics	(Δu)	

Atwood	et	al.,		
(in	prep)	



southward	
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northward	
ITCZ	shij	

anom.	
northward	AHT	

anom.	
southward	AHT	

In	6/7	PMIP3	models,	tropical	precipitaPon	shiNs	south	
during	LIA	
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Why	might	tropical	precip	shiN	south	during	the	LIA?	
Energetic constraints: 
Greater cooling of NH than SH causes southward shift of ITCZ 
during LIA 
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slide	adapted	from	Dargan	Frierson	



Why	might	tropical	precip	shiN	south	during	the	
LIA?	

Theory: 
Greater cooling of NH than SH causes southward shift of ITCZ 
during LIA 
 
Possible mechanisms: 

1.  Hemispheric asymmetry in climate forcings 
- Volcanic, land use, solar,  orbital forcing 
 

2.  Hemispheric asymmetry in feedbacks 
-  Snow/sea ice extent 
-  Clouds 
 

3.   Changes in ocean heat transport (e.g. change in AMOC) 
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Southward	shiN	occurs	in	Pacific	and	over	land	
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What	led	to	the	southward	shiN	in	tropical	
precip?	

Forcing	mechanisms	
1. 	Volcanic	forcing	
2. 	Land	use	forcing	
3. 	Solar/orbital	forcing	

Climate	feedbacks	
1. 	Ice	albedo	feedback		
2. 	Cloud	feedback	
3. 	Water	vapor	feedback	

Ocean	heat	transport	



APRP	Method	(Taylor	et	al.,	2007)			

Decompose	changes	in	TOA	SW	flux	into	changes	in	sfc	albedo,	
clouds,	and	non-cloud	scaKering	and	absorpPon	

Single	layer	atm	model	

ΔQS	=	ΔS(1-A)	–	SΔA					(change	in	shortwave	flux	at	TOA)	
	
ΔA	=	ΔAμ	+	ΔAγ	+	Δaα	
	
ΔAα	=	A(μ,	γ,	α2)	-	A(μ,	γ,	α1)		

		

α	=	sfc	albedo	

1	–	μ	=	frac3on	of	incident	rad	absorbed	by	atm		
γ=	scaYering	coeff	



Changes	in	hemispheric	energy	budget	during	
LiKle	Ice	Age	

Forcings 

volcanic 
aerosols 

more NH cooling 

more SH cooling 



Changes	in	hemispheric	energy	budget	during	
LiKle	Ice	Age	

Forcings 

land use 
changes 



Changes	in	hemispheric	energy	budget	during	
LiKle	Ice	Age	

Orbital and 
solar forcing 

Forcings 
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Changes	in	hemispheric	energy	budget	during	
LiKle	Ice	Age	

Cross-eq	AHT	
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Cross-eq	AHT	

Δ	AHTΦ=0		

Atwood	et	al.,		
(in	prep)	

Change	in	cross-eq	AHT:	
-	Driven	by	volcanic	and	land	use	forcing	
-	Opposed	by	LW	feedbacks	



What	led	to	the	southward	shiN	in	tropical	
precip?	

Forcing	mechanisms:	
1.  	Volcanic	forcing	(✓)	
2.  	Land	use	forcing	(✓)	
3. 	Solar/orbital	forcing	

Climate	feedbacks	
1. 	Ice	albedo	feedback		
2. 	Cloud	feedback	
3. 	Water	vapor	feedback	
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Conclusions 

•  Southward	shiN	in	tropical	Pacific	LIA	precip	
occurs	in	models	and	proxies	

•  In	models,	southward	shij	is	accompanied	by	
anomalous	northward	cross-eq.	AHT	driven	by	
volcanic	forcing	and	land	use	changes	

•  Regional	precip	changes	during	LIA:	
– Drying	in	N.	Pacific	ITCZ	and	SE	Asia	(eastward	shij	
of	SPCZ,	moistening	in	eq.	Atlan3c)	

– Driven	by	thermodynamic	changes	and	enhanced	
by	strong	posiPve	dynamical	feedback.	

	



Extras	



Precip	response	to	NH	volcanos	
CCSM4	

GISS	121	

GISS	122	



Precip	response	to	NH	volcanos	
CCSM4	

GISS	121	

GISS	122	

MME	△P	(mean	annual)	

•  Drying	over	land	
and	Pacific	ITCZ	

•  Zonally-uniform	
southward	precip	
shiN	



LIA	global	cooling	contribuPons	

Atwood	et	al.,		
J.	Clim	(2016)	
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Seasonal precip changes (LIA – MCA) 
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Multi-model precip changes (LIA – MCA) 

During	LIA:	
	
-	Drier	N.	branch	
of	ITCZ	
	
-	Eastward	shij	
of	SPCZ	
	
-  WeYer	eq.	

Atlan3c/drier	
Sahel	

-  Drier	EASM/
ISM	 *S3ppling:	5/6	models	agree	on	the	sign	of	ΔP	



mul3-model	volcanic	forcing	

CCSM4	LM	(NH	volcanic	events)	

Laki	ensemble	3	

Laki	ensemble	2	

Laki	ensemble	1	

GISS	121	LM	(NH	volc	events)	



mul3-model	volcanic	forcing	

GISS	128	LM	(NH	volc	events)	

GISS	125	LM	(NH	volc	events)	

GISS	122	LM	(NH	volc	events)	



Southward	precip	shij	from	MCA	→	LIA	
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Linear	trend	through	LM	


