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Structure	
•  Socio-economics	of	adaptaOon	–	a	review	
–  Context		–	database	–	objecOves	–	methodology	

•  PercepOon	of	stakeholders	on	CC	risks	
–  Forest	owners	–	foresters	

•  Next	steps	–	choice	experiments	

•  Climate	Smart	Forestry	



ObjecOve	

Provide	an	overview	of	the	socio-economic	literature	on	forest	adaptaOon	to	CC.		
	
•  quanOtaOve	analysis	and	categorizaOon	of	references.		

•  Analysis	 in	 terms	of	Ome	and	space,	disturbance,	adaptaOon	strategies	and	
methodology.		

•  ClassificaOon	in	four	different	categories:	risk	management,	risk	assessment,	
impact	of	risk	and	risk	percepOon.		

•  Discussion	 	underlining	the	lack	of	the	literature	and	possible	direcOons	for	
future	research.			



DefiniOons	
•  Examples	of	adapta6on	strategies	in	forestry	(Spi=lehouse	and	Stewart	2003)	

–  more	suitable	or	alternate	genotypes	through	provenance	trials,	new	species	
–  technology	for	be\er	wood	quality	and	size	
–  include	climate	variables	in	growth	and	yield	models,	
–  “fire-smart”	landscapes	
–  modified	seed	transfer	zones	
–  sanitaOon	thinning,	increased	amount	of	salvage	logging	
–  change	rotaOon	length	
–  landscape	planning		to	minimize	spread	of	insects	and	diseases.		

	
•  Different	categoriza6ons	in	the	literature:		

–  proacOve	vs.	reacOve	adaptaOon	(Ogden	and	Innes	2007),		
–  forward-looking	vs.	trend-adapOve	(Yousefpour	et	al.	2013),		
–  acOve	vs.	passive	(Bolte	et	al.	2009),		
–  planned	vs.	reacOve	adaptaOon	(Bernier	and	Schoene	2009).		

	
=>	 Here	 we	 refer	 to	 this	 last	 categorizaOon:	 planned	 adapta6on	means	 to	 redefine	 forestry	 goals	 and	
silvicultural	pracOces	in	advance	in	view	of	CC-related	risks	and	uncertainOes;	while	reacOve	adaptaOon	is	a	
response	to	already	observed	CC	impacts.		



Data	collecOon	
•  Literature	research	on	search	engines	(Google	Scholar	and	Web	of	

Knowledge).	CombinaOon	of	four	types	of	keywords:	
	 -	 Climat*	 (Climate,	 Climate	 change,	 Clima1c)	 OR	 Adapt*						
	(Adapta1on,	Adap1ve)	
	-	Forest*	(Forest,	Forestry,	Forest	management,	Forest	owner)	
	-	Risk*	(Risk,	Risk	percep1on,	Risk	management,	Risk	a<tude)	
	-	Econo*	(Economics,	Economy,	Socio-economic)	

	
•  Reference	 lists	 of	 the	 papers	 used	 to	 add	 relevant	 arOcles	 to	

database.		
	
⇒ Search	restricted	to	arOcles	published	in	English.		
⇒ CollecOon	of	 89	papers,	 from	33	different	 journals	 (FPE,	 FEM	and	

ClimaOc	Change	gather	approximately	30%	of	our	sample).		



EvoluOon	in	Ome	and	space		
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↗	trend	=	socio-economic	concerns	
about	CC	are	recent.		
+	link	with	the	definiOon	of	
adaptaOon	in	the	2001	IPCC	report.		

71	papers	on	developed	
countries,	6	on	developing	ones,	
and	9	not	localized.		
+	Paasgard	and	Strange	(2013):		“the	
supply	of	CC	knowledge	is	biased	
toward	richer	countries,	which	are	
more	stable	and	less	corrupt,	have	
higher	school	enrolment	and	
expenditures	on	research	and	
development,	emit	more	carbon	and	
are	less	vulnerable	to	CC”.		



Risks	and	disturbances	
•  frequent	 risks:	fire	 (37	arOcles),	wind	 (34)	and	drought	 (27);	 less	ones:	 snow	

(6	),	fungi	(3)	and	frost	(2).		
⇒  Schelhaas	et	al.	 (2003):	wind	and	fire	are	 responsible	 for	53%	and	16%	 respec1vely,	of	 the	

damage	to	European	forest	by	natural	hazards.		

•  Risks	 associated	 to	 insect	 and	 pest	 infestaOon	 in	 relaOon	 to	 CC	 are	 recent	
(Blennow	and	Sällnas	2002).		

•  Risk	of	invasive	species	in	relaOon	to	CC	is	also	recent	(Blate	et	al.	2009),	but		
increasing	 over	 Ome	 (Gro\a	 et	 al.	 2013;	 Laatsch	 and	Ma	 2015;	 Lenart	 and	
Jones	2014;	Ogden	and	Innes	2009).	

•  Few	Papers	with	price	risk	in	relaOon	to	CC	(8):	price	volaOlity	(Yousefpour	et	
al.	 2010;	 Yousefpour	 and	Hanewinkel	 2014),	 owners	 percepOon	 about	 price	
risk	(Blennow	and	Sällnas	2002;	Eriksson	2014;	Eriksson	et	al.	2012).	

		
=>	Yousefpour	et	al.	(2011)	“much	of	the	literature	on	decision	making	under	risk	has	focused	on	
price	risk,	and	that	we	are	in	a	transi1on	from	one	known	stable	(but	variable)	climate	state	to	a	
new	but	largely	unknown	and	likely	more	rapidly	changing	set	of	future	condi1ons”.		



AdaptaOon	strategies		
•  27	papers	=	reacOve	adaptaOon,	50	papers	=	planned	adaptaOon	and	12	with	both.	

	=>	Bernier	and	Schoene	(2009):		
	 	 3	 possible	 approaches	 for	 adaptaOon:	 no	 intervenOon,	 reacOve	 and	 planned	 adaptaOon.	
“Unfortunately,	most	current	management	belongs	to	the	first	or	at	best	the	second	category”.		
	 	Since	Bernier	and	Schoene	(2009)	more	emphasis	on	planned	adaptaOon.			

	
•  Focus	on	1	strategy:		

–  tree	 migraOon	 (Andalo	 et	 al.	 2005),	 species	 ship	 (Brune\e	 et	 al.	 2014),	 biome	 ship	
(Hanewinkel	et	al.	2010),	species	composiOon	(Kienast	et	al.,	1996),	planOng	different	tree	
species	 (Lidskog	 and	 Sjödin	 2014),	 tree	 species	 mixture	 (Neuner	 et	 al.	 2015),	 species	
selecOon	 (Yousefpour	 et	 al.	 2014;	 Schou	 et	 al.	 2015),	 species	 change	 (Seidl	 et	 al.	 2009),	
conversion	strategy	(Yousefpour	and	Hanewinkel	2014).		

•  Ogden	 and	 Innes	 (2007a,	 2007b,	 2008,	 2009):	 survey	 with	 quesOons	 to	 forestry	 pracOOoners	
about	the	likely	impact	of	CC	on	forest	sector	and	poten6al	adapta6on	strategies:		

	 	=>	List	of	65	adaptaOon	opOons:	(conserve	biological	diversity,	producOve	capacity,	health	
and	vitality,	 to	maintain	 soil	 and	water	 resources,	 forest	 contribuOons	 to	global	 carbon	cycles,	
enhance	the	long-term	mulOple	socio-economic	benefits	to	meet	the	needs	of	socieOes,	to	adapt	
the	present	legal,	insOtuOonal	and	economic	framework	for	forest	conservaOon	and	sustainable	
management).	

	

	



Methodology	
•  Empirical	 =	 64	 arOcles	 (survey	 =	 32;	 literature	 review	=	 22;	 synthesis	 =	 9;	 lab	

experiment	=	1)	
	=>	Survey:	forest	owners	(10),	NGOs	(8),	government	(7),	stakeholders		
	from	the	private	and	public	sector.		
	=>	Survey:	47%		N<	62;		few	N	>	800	(Blennow	and	Persson,	2009	-	1950),	(Laatsch	and	Ma,	2015	-	1640),	
	(Lenart	and	Jones,	2014	-	1029)	and	(Blennow	et	al.,	2012	-	845)	rest:	between	103	and	402.		

	

•  TheoreOcal	 =	 2	 papers,	 	 ecological	 theory	 (Bodin	 and	 Wiman,	 2007)	 or	
economic	theory	through	forest	economics	calculaOon	(Brune\e	et	al.	2014).		

•  Complex	=	23	papers,	mix	of	empirical	and	theoreOcal	approaches.	
	 	=>		future	climaOc	scenarios	and	vegetaOon	distribuOon	model	(Kienast	et	al.	1996)	

	=>		plant	types	simulaOon	(Siddiqui	et	al.	1999)	
	=>		theoreOcal	framework	(Andalo	et	al.	2005;	Yousefpour	et	al.	2014;	Yousefpour	et	al.	2015),	 				
	=>		opOmizaOon	of	forest	management	(Yousefpour	and	Hanewinkel	2014;	Yousefpour	et	al.	2013;	

		 							Yousefpour	et	al.	2010;	Eriksson	et	al.	2012)	
		=>	cost-benefit	analysis	(Ochuodho	et	al.	2012).		
	=>		comprehensive	vulnerability	assessment	framework	(Seidl	and	Lexer,	2013;	Seidl	et	al.	2011).	
	=>	theoreOcal	framework	empirically	tested	(Neuner	et	al.	2015;	Nitschke	and	Innes	2008;		
							Falk	and	Mellert	2011).		

	
	



CategorizaOon	
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Risk	management		
>	Risk	assessment		
>	Risk	percepOon		
>	Impact	of	risk		

Impact	 of	 risk:	 on	 growth,	 species	 composiOon,	 producOvity,	 on	 yield,	 regeneraOon,	
mortality,	provisioning	of	forest	ecosystem	goods	and	services.		
Risk	 assessment:	 	 of	 probabiliOes	 of	 risk	 occurrence	 and	 damage,	 of	 vulnerability	 (of	 the	
forest	 sector,	 communiOes,	 stands,	 in	 relaOon	 to	 SFM,	 etc)	 and/or	 adapOve	 capacity	 (of	
forest	sector,		community,	countries,	etc).		
Risk	management:	adaptaOon	strategies	and/or	silvicultural	management	(at	the	level	of	the	
forest	 manager,	 enterprise,	 community,	 countries,	 conOnent),	 and	 	 adaptaOon	 and/or	
miOgaOon	strategies.	
Risk	 percep6on:	 CC	 impacts,	 potenOal	 adaptaOon	 opOons	 and	 management	 opOons,	
vulnerabiliOes,	forest	resilience	and	risk.		



Discussion:	attude	towards	risk	and	uncertainty	

•  Wagner	 et	 al.	 (2014):	 increasing	 interest	 in	 uncertainty	 and	 CC	 because	
“uncertainty	 is	essen1ally	 the	condi1on	of	not	knowing	and	 the	 future	 is	 the	
great	unknown”.		

	
•  Numerous	uncertainOes	 related	 to	CC:	e.g.	 -	main	aspects	of	uncertainty	 for	

Swedish	forest	owners	(Lidskog	and	Sjödin,	2014)	:	i)	implicaOons	of	CC,		
ii)	 alternaOve	management,	 iii)	Omber	market,	 iv)	 expert	 advice	provided	by	
forest	consultants.		

	
•  However,	 the	 disOncOon	 between	 risk	 and	 uncertainty	 as	 defined	 by	 Knight	

(1921)	 is	generally	not	considered	 in	the	forest	economics	 literature	and	the	
two	 terms	 are	 interchangeably	 used,	while	 they	 are	 fundamentally	 different	
(Yousefpour	et	al.,	2012).		
	 	 =>	Knight	 (1921):	 risk	 refers	 to	a	 situaOon	where	 the	probability	of	 the	occurrence	of	a	
disaster	 is	 well-known,	 whereas	 uncertainty	 refers	 to	 a	 situaOon	 in	 which	 the	 probability	 of	
occurrence	is	not	precisely	known.	

	



	
•  All	of	the	papers	deal	with	risk	and	uncertainty,	none	of	the	89	papers	analyze	

the	impact	of	risk	and	uncertainty	preferences	on	adaptaOon	decisions.		
•  However,	 forest	 economics	 literature:	 main	 role	 of	 risk	 and	 uncertainty	

preferences	on	various	type	of	decisions	like	insurance	(Brune\e	et	al.,	2014),	
rotaOon	 length	 (Alvarez	 and	 Koskela	 2006;	 Clarke	 and	 Reed	 1989;	 Gong	 and	
Löfgren	 2003;	 Uusivuori	 2002),	 forest	 investments	 (Kangas	 1994),	 forest	
owners’	 consumpOon	 (Koskela	 1989)	 and	 decision	 to	 replant	 or	 not	 aper	 a	
clear	cutng	(Lien	et	al.	2007).		

	
=>	 Then,	 it	 seems	 reasonable	 to	 think	 that	 individual’s	 risk	 and	 uncertainty	
preferences	may	be	a	relevant	determinant	of	adapta6on	decision.		



Two	perspecOves:		
	
•  General	structural	model	predicts:	
						AdapOve	capacity	larger	in	northern	than	in	southern	Europe	
•  What	is	the	role	of	cogniOve	variables?		

















•  Culture	cogniOon	thesis	(CCT)	recently	challenged	the	„knowledge	deficit	model	(kdm)“	
•  kdm:	scienOfic	literatecy	and	numeracy	are	posiOvely	correlated	with	educaOon	level		
•  and	play	an	important	role	in	adapOng	to	CC		
•  CCT:		instead	of	educaOon	–	„value	profiles“	are	more	important	(Kahan	et	al.	NCC	2013)	



Value	profiles		



Results	–	effect	of	educaOon	

•  University	educaOon	increased	percepOon	of	risk	of	climate	change	
•  Effect	of	university	educaOon	was	not	dependent	on	individual‘s	value	profile	
•  Culture	CogniOon	Thesis	(CCT)	had	no	explanatory	power	on	German	and	Swedish		

forest	owner’s	climate	change	percepOon 		



Some	conclusions	from	empirical	studies	with	forest	
owners		(Blennow	et	al.	2012,	2016)	

•  Risk	percepOon	regarding	CC	touches	psychological	
(philosophical)	issues	in	all	aspects	

•  Need	for	including	beliefs	and	personal	experience	of	
the	respondents	

•  Despite	the	limited	impact	of	„structural	variables“:	
Don‘t	rule	out	educaOon	level		

•  Clear	need	for	quanOtaOve	analysis	



“	We	used	the	correla1on	
matrix	among	the	responses	
as	independent	and	
correlated	variables	and	
applied	principal	axis	
factoring	to	extract	the	main	
factors	from	the	original	
correla1on	matrix”.	

“Canonical	analysis	visualizes	
the	rela1onships	between	a	
single	criterion	variable	and	
a	set	of	predictor	variables	
derived	from	significant	
factors”.	



Petr	et	al.	(2014)	:	uncertainty	assessment	framework	for	forest	planning	
adaptaOon	to	CC.		
•  Survey	on	33	BriOsh	forest	planners:	characterizaOon	of	the	type	of	uncertainty:	

economic	(on	Omber	producOon),	social	(on	recreaOon	use)	or	climaOc	(on	the	
effect	of	wind).	

•  passive	or	acOve	consideraOon	of	uncertainty	in	the	forest	planning.	
•  Focus	on	CC	risk	percepOon	through	a	Likert	judgement	scale.		

⇒  This	methodology	allows	having	a	qualitaOve	approach	of	the	uncertainty	in	
forest	planning.		

⇒  However,	a	quanOtaOve	approach	with	a	measurement	of	the	decision	maker’s	
preferences	towards	risk	and	uncertainty	is	a	fundamental	piece	of	informaOon	
to	improve	the	understanding	of	the	decision	maker’s	adaptaOon	opOons	
(probability	to	adapt,	type	of	strategies	implemented,	Oming	of	adaptaOon,	
etc).	For	that	purpose,	methods	coming	from	experimental	economics	may	be	
useful	(Brune\e	et	al.	2015).			



Risk	preferences	through	lo\ery	
choices	
=>	The	higher	the	number	of	OpOon	A,	
the	higher	the	risk	aversion.		

Uncertainty	preferences	through	
lo\ery	choices	
=>	The	higher	the	number	of	OpOon	
A,	the	higher	the	uncertainty	
aversion.		



Choice	experiment	
 
 
 
 
 
 
 
 
 
  
 
 
Question 2. Which option do you prefer? 
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Question 1. Which option do you prefer?  
 
 
 
 
 
 
 
Urn A: 5 red balls and 5 black balls.   Urn B: 10 balls, we don’t know the number of 

black balls and red balls.  
- Chosen color obtained: 35 euros   - Chosen color obtained: 25 euros 
- Chosen color not obtained: 0 euros   - Chosen color not obtained: 0 euros 
 
 

? 

Option A □ Option B □ 



Next	step	for	this	paper	

Factorial	 analysis:	 codificaOon	 of	 the	 variables	 in	 order	 to	 observe	
potenOal	correlaOon	between	them.		
	
Examples	of	quesOons:	
•  Is	 there	a	correlaOon	between	the	year	of	publicaOon	and	the	type	of	

adaptaOon	strategies	?	Methodology	?		
•  Is	 the	 category	 (risk	management,	 risk	 assessment,	 etc)	 linked	 to	 the	

journal	?	Year	of	publicaOon	?	Disturbances	?			
•  Is	 the	country	considered	 in	 the	analysis	correlated	with	 the	objecOve	

of	the	paper?	Methodology?	

	



Next	step	for	the	project	

•  QuesOonnaire	 to	 forest	 owners	 in	 Germany	 (Bade	
Wur\emberg)	/France	(Vosges	?)	

•  First	 step:	 quanOficaOon	 of	 risk	 and	 uncertainty	 preferences	
through	lo\ery	choices.	

•  Second	 step:	 quesOons	 about	 adaptaOon	 strategies	 (type,	
degree,	Oming,	etc).		

•  Third	step:	socio-demographico-economics	quesOons.	

=>	 Determinants	 of	 adaptaOon	 decision	 with	 a	 focus	 on	 risk	 and	
uncertainty	preferences.		


