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PDVII:	Past	&	Future	

PDV	paleoclimate	reconstruc;ons	

Newman	et	al.	2016	
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(a)	CA	trees	

(b)	W.	NA	trees	

(c)	CA	&	Alberta	trees	

(d)	E.	Chinese	flood	index	

(e)	Asian	trees	

(f)	North	Pacific	corals	&	Geoduck	

(g)	Corals,	ice,	tree,	and	sediment	
Nino	3.4	index	

PDV	paleoclimate	reconstruc;ons	

Thompson	et	al.	(2015)	

Poten;al	sources	of	
discrepancies:	
	
1.  Differences	in	local	

climate	variable	
responses	to	large-scale	
atmospheric	and	oceanic	
variability	

2.  Seasonal	biases	
3.  Geographic	domain	

PDV	paleoclimate	reconstruc;ons	

Thompson	et	al.	(2015)	
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Recall:	PDO	and	ENSO	precip	
teleconnec;ons	

Schoennagel	et	al	(2005)	

Paleo	PDO:	impact	on	fires?	

Kipfmueller	et	al.	2012	
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Fire	years	vs	PDO/ENSO	

Kipfmueller	et	al.	2012	

Poten;al	sources	of	
discrepancies:	
	
1.  Differences	in	local	

climate	variable	
responses	to	large-scale	
atmospheric	and	oceanic	
variability	

2.  Seasonal	biases	
3.  Geographic	domain	
4.  Sta;s;cal	removal	of	

biological	growth-related	
trends	(trees)	

5.  etc	

PDV	paleoclimate	reconstruc;ons	

Thompson	et	al.	(2015)	
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Tree ring processing for ontogenetic growth 

 ç Pith                         Bark è 
(center of tree)               (outside of tree) 

Removing	ontogene;c	
(growth)	effects	

Peters	et	al.	(2015)	
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PDO	spectra,	modeled	vs	paleo	

Newman	et	al.	2016	

Simulated	PDO	

Newman	et	al.	2016	
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Observed	vs	modeled	

Observa;ons	

Models		

Newman	et	al.	2016	
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Model	skill	vs	resolu;on	

Polade	et	al.	2013		

Predictability	

Meehl	et	al.	2009	
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Sources	of	uncertainty	

Meehl	et	al.	2009	
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Meehl	et	al.	2014	
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Predictability	

Meehl	et	al.	2014	

S;ll	limited	to	a	few	years	in	advance	

Solid	black:	Mul;model	
ensemble	mean	
	
Dashed	black:	
Persistence	alone	(i.e.	
ini;al	state	+	
persistence)	

Importance	of	PDV	predictability?	

	
PDV	thought	to	play	a	role	in	modula;ng		
1.  ENSO	
2.  Rate	of	global	warming	
3.  …?	
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Global	temperature	trends	
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Thompson	et	al.	(2015)	
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Thompson	et	al.	(2015)	

Global	temperature	trends	
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Thompson	et	al.	(2015)	

Global	temperature	trends	
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Kosaka	(2014),	England	et	al.	(2014)	

-	Interdecadal	Pacific	OscillaOon	

Mechanisms:	Internal	variability	and	heat	storage	
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Landsat SST 0                 7               14                 21                28 
     30 

Sea surface temperatures (SSTs) 
November 15, 2017 

Ocean	heat	uptake	during	hiatus	periods	

Meehl	et	al.	(2011)	

Meridional	Overturning	Stream	Func;on	trend	

Temperature	trend	

+	Clockwise	
-  Counterclockwise	

	
Strengthening	of	subtropical	cells	

Warming	near	35-40	N	&	S	
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Roberts	et	al.	2015	

Ocean	heat	uptake	during	hiatus	periods	

Ocean	heat	uptake	since	2006	

Roemmich	et	al.	2015	

Trend	in	ocean	heat	content	(0-2000m)	2006-2013	



5/7/18	

15	

15
-y
r	t
em

pe
ra
tu
re
	tr
en

d	

Thompson	et	al.	(2015)	

Global	temperature	trends	
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0.4˚C	
0.3	W/m2	

0.55˚C	
1.5	W/m2	
	

Did	weak	trade	winds	contribute	to	this	rapid	warming??	

Role	of	internal	variability	in	warming?	
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Thompson	et	al.	(2015)	
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1910-1939	

Thompson	et	al.	(2015)	

Number	of	observa;ons	per	year	
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Role	of	internal	variability	in	warming?	
Thompson	et	al.	(2015)	
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Role	of	internal	variability	in	warming?	

§  Early	century	warming	too	large	to	be	driven	
only	by	external	forces	(CO2,	solar)			

§  Internal	variability	key!	
§  Atlan;c	warming:	15	years	later	
§  Role	of	Pacific	winds?	

Weak	trade	winds	
contribute	to	this	
rapid	warming??	

Zonal	wind	observa;ons	
Weaker	
Easterlies	

Stronger	
Easterlies	

Thompson	et	al.	(2015)	
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Zonal	wind	observa;ons	
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Time	
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Thompson	et	al.	(2015)	

Stronger	
Easterlies	

Corals Tarawa Atoll: a new wind proxy? 



5/7/18	

19	

Corals Tarawa Atoll: a new wind proxy? 

Westerly Wind Events/Bursts 
(WWE):


à strong, short-lived (6-15 days) 
westerly wind gusts that occur 
before and during El Niño events


location 

(Lagaigne et al., 2004)


Role of westerly winds in ENSO 

WWB 
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Corals Tarawa Atoll: a new wind proxy? 

Westerly Wind Events/Bursts 
(WWE):


à strong, short-lived (6-15 days) 
westerly wind gusts that occur 
before and during El Niño events


location geography 

trade winds


WWEs


Open and westward-facing 
lagoon


à sheltered from easterly trade 
winds, Mn accumulate in lagoon 
sediments


(Lagaigne et al., 2004)
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Reconstructing zonal wind from corals 

Thompson et al. (2015) 

Trade winds 
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Reconstructing zonal wind from corals 

Mn/Ca	proof-of-concept:	historical	El	Niños	
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Mn/Ca	proof-of-concept:	historical	El	Niños	

1890				1900				1910				1920				1930					1940					1950				1960				1970				1980	
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More	WWE/
Weaker	trades	

Less	WWE/	
Stronger	trades	

1890												1910												1930												1950												1970											1990												2010	

1890												1910												1930												1950												1970											1990												2010	

Decadal	variability	in	westerly	winds	
Thompson	et	al.	(2015)	
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Conclusions 

Weak trade winds 
Frequent WWE 
Warm SSTs 

Strong trade winds 
Infrequent WWE 
Cool SSTs 

Rapid 
global 

warming 

Slow 
global 

warming 

Warming will likely accelerate when winds weaken  

(Harrison and Vecchi, 1997; Lagaigne et al., 2004)


Replicating & extending the Mn/Ca-wind proxy  

(Christmas Island) 

Hussein Sayani 
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Current work 
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u-winds

Mn/Ca
u-winds

(a) Butaritari

(b) Kiritimati
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Kiritimati/Christmas 
Butaritari 

1.  Tracking seawater [Mn] and coral 
Mn/Ca at Kiritimati Atoll during the 
2015/16 El Niño  
 

2.  First multi-island reconstruction of 
20th century Pacific trade-wind 
variability 
à  overlapping modern corals from 

Tarawa, Kiritimati, Butaritari, and 
Palmyra  

TO BE CONTINUED!  

Further testing of the mechanism 
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To be continued– what is to come?? 

Weak trade winds 
Frequent WWE 
Warm SSTs 

Strong trade winds 
Infrequent WWE 
Cool SSTs 

Rapid 
global 

warming 

Slow 
global 

warming 

Warming will likely accelerate when winds weaken  


