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Impacts	of	ozone	on	tree	func3ons	and	forest	growth	

As	a	strong	oxidant,	ozone	has	a	negaEve	impact	
on	many	cellular	and	molecular	processes		

Tree	biomass	is	consequently	reduced,	with	a	lower	
magnitude	for	evergreen	species	

Expected	lower	impact	at	larger	and	longer	scales	(similar	to	CO2	effect)	
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Ferre,	et	al.	2018	
Wi,g	et	al.	2009	>	 >	

Other	environmental	factors	may	have	a	stronger	impact	

AcclimaEon	and	compensatory	processes	

For	adult	trees,	growth	is	mainly	sink-driven	 Körner	2015	

See	Cailleret	et	al.	2018	



Context	

Considering	that	the	effects	of	ozone	on	forest	growth	
are	most	likely	reduced,	we	need	robust	ozone	metrics	

•  ConcentraEon-based	approach	(e.g,	mean	[O3],	AOT40)	

•  Flux-based	approach	(e.g,	PODy-SPEC)	

There	are	various	sources	of	uncertainty	that	may	affect	the	precision	
of	these	metrics	:	

Input	data	 Model	structure	 Parameter	
esEmates	

DetecEng	the	most	important	sources	of	uncertainty	provides	us	
research	direcEons	to	improve	our	modeling	framework	



Sources	of	uncertainty	in	the	calcula3on	of	POD1-SPEC	

Cascade	of	uncertainty	for	a	given	site	and	species	
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+	soil	properEes,	stomatal	model,	species-specific	parameters…	

LAI,	height	



Sources	of	uncertainty	in	the	calcula3on	of	POD1-SPEC	

Cascade	of	uncertainty	for	a	given	site	and	species	

Atmospheric	data	 Vegeta3on	data	

Climate		 Ozone	

acEve	meas.	

modelled	

passive	meas.	

predicted	

constant	

measured	

Phenology	

predicted	m2	

predicted	m1	

measured	
measured	

constant	

Root	depth	

+	soil	properEes,	stomatal	model,	species-specific	parameters…	

Büker	et	al.	2012	 Walker	et	al.	2018	

Calatayud	et	al.	2016	

measured	

modelled	

LAI,	height	



Atmospheric	data	

Sources	of	uncertainty	in	data	input	considered	here	

Climate		 Ozone	

measured	

meas.	hourly	
(acEve)		

predicted	hourly	
(2	weeks	passive)	

Measured	hourly	data	(acEve)	

Constant	2-weeks	mean	(passive)	

Reconstructed	(passive;	3-parameters	cos	funcEon)	
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Atmospheric	data	 Vegeta3on	data	

Climate		 Ozone	

measured	
predicted	
(tree	DBH)	

constant	

LAI,	height	 Phenology	

predicted	
Delpierre	et	al.	2009	
Vitasse	et	al.	2011	

predicted	
‘forest	laEtude’	

measured	

constant	

Root	depth	

Sources	of	uncertainty	in	data	input	considered	here	
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•  DO3SE	model	:	DeposiEon	for	Ozone	Stomatal	
Exchange	(Emberson	et	al.	2001)	

•  10	sites,	74	sites*years	

•  4	species	with	varying	leaf	and													
stomatal	strategies	

	

•  MulEfactorial	simulaEon	design	->	14208	runs	

•  Variance	decomposiEon	of	POD1-SPEC	values			
based	on	the	sum	of	squares	of	an	anova				
(see	Horemans	et	al.	2016)	

Approach:	mul3factorial	simula3on	design	



Major	sources	of	variability:	
•  Site	(42%)	
•  Species	(24%)	
•  Year	nested	in	site	(24%)	
•  Sources	of	ozone	and	

vegetaEon	input	data	(5%)	

Pinus	sylvestris	
Fagus	sylvaEca	
Quercus	sp.	
Picea	abies	

Results:	variability	in	POD1-SPEC	accross	all	simula3ons	
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Uncertainty	due	to	data	inputs	for	Fagus	sylva3ca	

High	variability	in	POD1-SPEC	at	
some	sites*years	due	to	the	
uncertainty	in	phenological	
predicEons	
	
The	relaEve	impact	of	each	
uncertainty	source	strongly	
differs	among	sites	and	years	
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No	impact	of	phenology	
	
The	relaEve	impact	of	each	
uncertainty	source	strongly	
differs	among	sites	
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Uncertainty	due	to	data	inputs	for	all	species	

beech	 oak	 spruce	 pine	 beech	 oak	 spruce	 pine	

POD1-SPEC	

ozone	
LAI	

can.	height	
phenology	

root	depth	
residuals	

Sum	of	squares	 Sum	of	squares	(%)	
		 		



beech	 oak	 spruce	 pine	 beech	 oak	 spruce	 pine	

AOT40	

ozone	
LAI	

can.	height	
phenology	

root	depth	
residuals	

Sum	of	squares	 Sum	of	squares	(%)	

Uncertainty	due	to	data	inputs	for	all	species	

POD1-SPEC	

		 		

		 		



Each	source	of	uncertainty	masers!	This	depends	on	the	species,	site,	and	
ozone	metric	of	interest.	
	
Ozone	data	is	not	the	main	source	of	uncertainty	for	POD1-SPEC.	Passive	data	
are	highly	valuable	to	increase	the	spaEal	and	temporal	data	coverage	
	
Highlights	the	need	for	‘ensemble	modeling’	approaches	to	derive	robust	
O3	metrics	and	to	assess	their	uncertainEes.	

Take	home	messages	-	perspec3ves	

Preliminary	results	!	
•  more	uncertainty	sources	(e.g.,	modeled	climate	and	ozone	data	from	

EMEP)	
•  Include	more	sites	->	currently	in	progress	(PRO3FILE	project),	but	we	

need	more	(clean)	hourly	climate,	and	ozone	data	!	



Uncertainty	to	ozone	and	vegeta3on	data	
sources	for	es3ma3ng	POD1-SPEC	
	
	
M.	Cailleret,	M.	Haeni,	M.	Ferre,,	A.	Gessler,	A.	Rigling,	
AK.	Prescher,	D.	Simpson,	ICP-Forests	experts,	M.	Schaub	



Model	2:	y=a+2z	

Model	1:	y=b+1x	

x+10%	x-10%	 z+10%	z-10%	

Higher	sensiEvity	to	z	
than	to	x	

Uncertainty	analysis	rather	than	sensi3vity	analysis	

Model	2:	y=a+2z	

Model	1:	y=b+1x	

range	of	
possible	x	

range	of	
possible	z	

Lower	uncertainty	in	
y	related	to	the	
uncertainty	in	z	than	
in	x	



Braun	et	al.	2017	 Etzold	et	al.	in	rev.	

Contradic3ng	ozone-growth	rela3onships	
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Project	framework	

Levins’	model	classificaEon	(1966)	



Implementa3on	of	a	growth	reduc3on	due	to	ozone	

•  GRF	=	(DDGF	*	SMGF	*	SNGF	*	ALGF	*	CLGF)1/3	*	O3GF	

•  O3GF	calculated	using	species-specific	DRRs	derived	during	the	

ECLAIRE	project	(for	spruce	and	beech)	

•  POD1	values	from	the	EMEP	model	

«	WORST-CASE	SCENARIO	»	

EMEP	s.	 EMEP	b.	LWF	b.	



Slope	=	-0.77	ug/m3;	p	<	0.001	

European-wide	decrease	in	O3	concentra3on	



Calatayud	et	al.	2016	

POD1	aggregated	
(weekly	resoluEon)		

Constant	ozone	 Loibl’s	hourly	profile	


