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•  Climate	change	context	

•  Tree-ring	basics	

•  Climate	reconstruction	&	future	climate	prediction	

•  Effects	of	climate	change	on	forest	growth	and	productivity	

•  Examples	of	forest	response	to	changing	climate	(e.g.	Scotland)	

•  Complex	interaction	of	various	climatic	/	non-climatic	factors	
	

•  Some	implications	for	forest	ecology	and	management	



Global	mean	temperature	increase	

•  Longest	instrumental	
temperature	record	(CET)	

•  Average	global	
temperatures	showing	
increasing	long-term	trend	

year	



Global	CO2	increase	

•  Strong	evidence	that	global	temperature	increase	is	linked	to	
increase	in	CO2	(and	other	GHGs)	as	a	result	of	human	activity	



LAM	
	Linear	aggregate	model	(Cook,	1985)	:		

		

	R	=	A	+	C	+	δD1	+	δD2	+	E 	 	 													

	

	R	–	tree	ring 																							

	A	-	age	

	C	–	climate	

		δD1	–	endogenous	disturbance	

		δD2	–	exogenous	disturbance	

	E	–	noise	
 

 

  



Sensitivity	to	growth	forcing	

•  Sensitive	tree	growth	•  Complacent	tree	growth	

•  Principal	of	
limiting	factors:	a	
biological	process	
such	as	growth	
cannot	proceed	
faster	than	is	
allowed	by	the	
most	limiting	
factor	

	

•  Ecological	
amplitude:	each	
species	may	grow	
and	reproduce	
over	a	certain	
range	of	habitats	



Cross-dating	and	missing	/	false	rings	
Annual	production	of	wood	during	growing	
season	in	seasonal	climate	regions	
	

The	transitions	between	years	are	visible	
since	darker	‘latewood’	is	produced	
towards	the	end	of	the	growing	season	
	

Thus,	each	ring	can	be	absolutely	dated	

But	there	can	be	years	when	trees	do	not	produce	
a	new	layer	of	wood	(e.g.	due	to	stress)	
 

Cross-dating	ensures	that	tree	ring	series	are	
correctly	dated	by	comparing	rings	in	a	core	with	
cores	from	other	trees	from	the	same	location	



Dendrochronology	-	one	way	to	reconstruct	climate	history	

•  Dendrochronology	uses	crossdating	(i.e.	tree-ring	pattern	matching	-	e.g.	ring-width)	
to	build	chronologies	from	many	tree-ring	samples	which	contain	a	common	signal	

•  Trees	growing	at	climatically	limited	sites	(temperature	/	precipitation)	usually	record	
a	common	climatic	signal	



Long	tree-ring	records	indicate	past	climate	conditions	

•  Temperature	reconstruction	for	
Scotland		

 

 
 

•  Temperature	reconstruction	for	
Northern	Hemisphere	

•  Tree	rings	are	exceptional	in	
providing	annual	information	
about	past	climate	

•  Uniformitarianism:		
‘The	present	is	the	key	to	the	past’		
(James	Hutton)	



Statistical	modelling	offers	future	climate	predictions	

•  IPCC	–	long-term	projections	

•  CO2	and	temp.	predictions	over	next	century	

•  Intergovernmental	Panel	on	Climate	Change	(IPCC)	



So	what	does	this	mean	for	forests?	



Range	of	Pinus	Sylvestris	

•  Pinus	sylvestris	(Scots	pine)	widely	distributed	throughout	Eurasia		

•  In	Scotland,	Scots	pine	at	the	NW	limit	of	its	range	



Vegetation	history	–	pollen	record	

•  Forests	are	not	static	but	rather	dynamic	systems	

•  Vegetation	history	from	peat	bog	record	in	northern	Scotland	

•  Shifts	in	species	composition	seen	in	the	Early	to	mid-Holocene	



Relict	forests	&	evidence	of	past	tree	presence	



Changing	precipitation	in	Scotland	

•  West	Scotland	is	one	of	the	wettest	places	in	Europe	(reflects	oceanic	influence	
on	local	climate)	

•  Precipitation	regime	in	East	Scotland	more	typical	of	continental	climate	

•  Predicted	precip.	increase	in	winter	and	decrease	in	summer	months	(in	the	
east)	+	more	intense	precip.	events	

  

Spatial	representation	of	precipitation	in	Europe	and	Scotland	(units	in	mm/day)	



Conversion	from	forested	landscape	to	marshland	

•  Over	time,	long	term	changes	to	environmental	conditions	can	lead	to	
changes	in	the	suitability	of	the	landscape	to	support	forest	growth	

From	sparsely	forested	landscape	to	bog	pine	to	peat	bog	



Treeline	position	

•  But	evidence	of	this	effect	can	be	distorted	by	other	climatic	or	 		
non-climatic	factors	(as	is	the	case	in	most	of	Scotland)	

•  Alpine	treeline	=	elevational	
limit	above	which	tree	
growth	does	not	occur	

 

•  Natural	alpine	treeline	
position	primarily	
determined	by	temperature	

 

•  Evidence	of	increasing	
treeline	elevation	in	parts	of	
the	world	



Shifting	treeline	

•  Evidence	of	increasing	treeline	elevation	near	lake	Torneträsk	in	sub-
Arctic	Sweden	(changing	albedo)	



Relict	forests	&	evidence	of	wood	above	present	treeline	



Changing	windiness	patterns?	

•  Wind	and	windstorms	can	significantly	affect	
trees	and	result	in	wind	damage	(e.g.	
windprune,	windsnap,	windtilt,	windthrow)	

•  Important	component	affecting	disturbance	
patterns,	and	can	even	alter	tree	
morphology. 

•  In	parts	of	Europe	(particularly	NW)	major	determinant	of	wind	(as	well	as	
temp.	and	precip.)	is	the	North	Atlantic	Oscillation	(NAO).	

•  Changing	patterns	in	the	future?	

UK	wind	exposure	



NAO	–	North	Atlantic	Oscillation	

•  NAO	has	strongest	influence	on	winter		
(temperature,	precipitation,	wind/storminess)	

•  Positive	phase	=	warmer	and	wetter	winters	in	N	Europe	(cold/dry	Mediterranean)	

•  Negative	phase	=	cooler	and	drier	winters	in	N	Europe	(warm/wet	Mediterranean)	

	

									North	Atlantic	Oscillation	(NAO)	winter	index	(Dec-Mar)	
										(Lisbon	/	Reykjavik)	
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NAO	
 

Strength	of	association	between	NAO	and	…	

 

winter	temperature				 									winter	precipitation 									winter	wind	strength	

	

• Possible	changes	in	future	NAO	variability	as	a	result	of	climate	change	
	

• N.B.	At	present,	climate	models	do	not	offer	any	clear	indication	of	what	
(if	any)	that	change	might	be 		



Divergence	
=	A	weakening	or	loss	of	tree	growth	response	to	temperature	in	the	latter	half	of	
the	20th	century	(D’Arrigo	et	al.	2008;	Wilson	et	al.	2007)	
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• 	Widely	discussed	with	speculation	about	possible	causes	including:	

• 	temperature	induced	drought	stress	

• 	non-linear	interactions	between	tree	growth	and	climate	

• 	differential	response	to	min.	and	max.	temperatures	

• 	‘global	dimming’	

• 	local/regional	pollution	

• 	methodological	“end	effect”	issues	related	to	detrending	(age-trend	removal)	
 

 

 

 



•  Climate-induced	changes	not	acting	in	isolation	but	also	mediated	by	anthropogenic	
activity	(e.g.	deforestation	leading	to	increasing	fragmentation	and	edge	effects)	

•  Changes	in	fire	regime	(fires	very	rare	in	undisturbed	rainforest,	more	frequent	in	
fragmented	forest)	à	unprecedented	fires	during	the	2019	dry	season		

•  Possibility	of	reaching	‘tipping	point’à	positive	feedback	mechanisms	à	transition	
to	more	open,	more	drought	resistant	seasonal	forest	or	even	savanna	

•  Built	in	resilience	–	some	degree	of	self-regulation,	but	limited	

Forest	fragmentation	/	local	changes		
(Brazilian	Amazon	example)	



	

	

	
	

Other	recent	examples	of	extensive	forest	fires	

Scandinavia	–	summer	2018	 Siberia	–	summer	2019		

	

	

	

	

	

	

	

	

	
	

Biomass burning aerosol optical depth 

•  3	million	ha	of	Siberia	affected	by	
wildfires	in	the	summer	of	2019	

•  The	fires	negatively	affected	air	
quality	across	most	of	Siberia	

	

	

	

	

	

	

	

	

	
	
•  Record	high	Scandinavian	summer	

temperatures	in	2018	-	exceptionally	hot	and	
dry	conditions	resulted	in	unusually	high	
number	and	extent	of	forest	fires	

•  By	late	July	over	50	fires	covered	~250	km2	
stretching	from	north	of	Arctic	Circle	to	
southern	Sweden	



Additional	complicating	factors	

 

•  Long	complex	history	of	climate	/	human	influence	on	UK	woodlands	
(spatially	and	temporally	varying)	

 

•  Woodland	disturbance	as	a	result	of	human	impact	
 

•  Regrowth	complicated	by	deer,	etc.	à	implications	for	reforestation	strategies	

 

The	situation	is	complicated	by	impact	of	
non-climatic	disturbance	(i.e.	logging)	

Evidence	of	regionally	and	temporally	varying	disturbance	
patterns	in	Scottish	forests	attributed	to	human	activity	



Direct	impacts	on	forest	ecology	(in	Scotland)	
 

					Climate	change	can	affect	the	functions	and	services	that	forests	provide	

• Precipitation	=	possibly	wetter	winters	&	drier	summers?	

• Warmer	summers	=	potentially	increased	productivity?	
But	if	too	hot	and	not	enough	precipitation	then	moisture	limitation	could	result		
(e.g.	E	Scotland)	
	

					Forest	productivity:	

• Possible	shift	in	areas	suitable	for	continuing	forest	growth		
and	reforestation	efforts,	for	example:	

	-	limitations	due	to	wind	and	exposure	
	-	elevational	and	latitudinal	shift	in	distribution	

• Increased	overall	productivity	resulting	from	longer	growing	season	with	
temperatures	and	increased	atmospheric	CO2	concentrations	

	-	but	actual	magnitude	of	(CO2)	fertilization	effect	is	uncertain	
	-	other	factors	may	become	limiting	to	growth	(competition,	water,	soil,	etc.)	

 



Indirect	impacts	on	forest	ecology	

 

 

 

 

 
 

  

				Pathogen	and	insect	outbreaks:	

•  Milder	winters	conditions	will	allow	larger	populations	to	survive	winter,	
longer	/	warmer	growing	seasons	may	increase	the	number	of	lifecycles	in	
one	year	

	

•  Warmer	conditions	and	higher	CO2	concentrations	may	lead	to	more	food,	
decreasing	time	to	maturity	and	increasing	fertility.		

 
Forest	health:	

Milder	winters	may	result	in	
later	onset	of	dormancy	(some	
species	perhaps	not	entering	at	
all),	and	so	decreasing	overall	
resilience.	

 



Implications	for	forest	management	
 

•  Options	include	mixing	tree	species	within	stands	to	reduce	the	
impact	of	pests	and	pathogens	over	an	area	

	

•  Mixed	species,	retaining	wide	genetic	base	or	introduction	of	
species	/	varieties	more	adapted	to	extreme	(climatic)	conditions	

	

•  Changing	conditions	may	affect	timber	supplies,	market	prices	and	
insurance	costs	

	

•  Difficulty	is	that	forest	management	policies	and	practices	must	take	
into	account	developments	on	the	order	of	decades	up	to	a	century	
(long-term	planning)	

 



Conclusions	

 

•  Tree	growth	and	forest	communities	respond	to	various	
environmental	factors		
(but	can	also	to	an	extent	moderate	and	buffer	their	influence)	

	

•  Climate	change	impacts	a	wide	array	of	environmental	conditions	
(e.g.	temperature,	precipitation,	CO2,	wind	and	storms	frequency	&	
intensity,	large	scale	weather	patterns	and	climate	dynamics)	

	

•  Changing	global	climate	is	expected	to	affect	forest	populations	both	
directly	and	indirectly	in	a	range	of	ways		
(some	changes	are	predictable,	others	may	be	unforseen)	

	

•  Such	factors	are	likely	to	influence	future	growth,	species	distribution	
and	composition,	insects,	pathogens,	etc.	

 




