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Forest	Dynamics	

Can	remove	considerable	amounts	of	
carbon	from	the	atmosphere.	

IPCC	2014	

Can	increases	forest	resilience	to	
future	rises	in	drought	frequency.		

Aragão	et	al.	2014	

Disturbance	and	resilience	
Ecological	Sucession	
Dynamic	equilibrium		
AdapHve	cycles	
	

	Holling	et	al.	2001																		connectedness		

bi
om
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s	

Complex	system	dynamics	
DegradaHon	

Regrowth		

	Affects	carbon	balance.		IPCC	2014	

Increases	vulnerability	to	fire.	 Nepstad	1999	
Matricardi	et	al.	2010		

Reduces	social,	environmental	and	
economic	funcHonaliHes.	

Tavani	et	al.	2009	

Causes	loss	of	funcHonal	species,	reduces	
redundancy,	and	prevents	ecosystem	

recovery	and	stability.	
	(Thompson	et	al.	2009).		

MiHgaHon	of	anthropogenic	
effects	on	climate	change	

	
	



Maintain	forests	to	reduce	emissions	from	deforestaHon.		The	Kyoto	Protocol	(1997)	

Species	composiHon	and	key	
funcHonal	relaHonships	between	
them.	Thompson	et	al.	(2009).		

Carbon	storage	
and	resilience		

Ensure	REDD+	projects		impacts	are	posiHve	on	biodiversity,	
especially	in	low-carbon	and	highly	diverse	forests.	

(Harrison	et	al.	2011).		

MiHgaHon	of	anthropogenic	effects	on	climate	change	

Compensated	reducHon	
SanHli	et	al.	(2005),	COP	11	(2005)	

IncenHves	for	developing	countries	detaining	tropical	
forests	to	reduce	emissions	from	deforestaHon.	

Reduced	Emissions	due	to	DeforestaHon	
and	Forest	Degrada3on	(REDD)	strategy		

COP	13	(2007)	

Reduce		emissions	and	prevent	
leakage:				deforestaHon					degradaHon	

Skutch	and	Trines	2008		

role	of	conservaHon,	sustainable	management,	and		
enhancement	of	forest	carbon	stocks.		REDD			+		

COP	14	(2008)	

Biodiversity		
conservaHon	

	Díaz	et	al	(2009)	
	CBD(2011).		
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MiHgaHon	 Accuracy	
Large-scale	monitoring		carbon	

changes	and	biodiversity	

Remote	sensing		 Field	inventories	+	

Promising	tools	

Strong	potenHal		 DeFries	2007	
Goetz	et	al.	2009	
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Problem	

Asner	et	al.	2005,		GOCF-GOLD	2013	

	Cannot	deliver	the	required	precision		to	assess	changes	in	
carbon	stocks	due	to	degradaHon	and	recovery.	

High	uncertainty	in	biomass	carbon	stocks	and	fluxes.	
IPCC	2014	

Mitchard	et	al.	2014,	Omedo	et	al.	2014	

QuanHfying	forest	degradaHon	and	regrowth	remains		
a	major	constraint	in	the	implementaHon	of	REDD+.	
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Present	a	research	agenda	and	roadmap	needed	to	
improve	monitoring	of	GHG	fluxes	and	biodiversity	
caused	by	degradaHon	and	regrowth	of	tropical	forests.		

Objec3ves	



•  EvaluaHng	changes	in	forests:	combinaHon	of	
field	inventories	and	remote	sensing	

•  Monitoring	carbon	and	biodiversity	–	need	for	
a	unified	strategy	

•  IntegraHng	monitoring	and	ecosystem	
modeling:	move	toward	more	process-
oriented	approaches	
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Carbon	esHmaHon	methods:		

Field-based	
methods		

harvest	trees		
wet	volume	
dry	weight	

Regional	
scales	

tree	dimensions		
extrapolate	(scale	up)	
sampling	

Direct	
measurement	

Indirect	
measurement	

Remote	sensing	
methods	

Biomass	
EsHmates	

satellites	
airplanes	
drones	

Regional	and	
global	scales	

opHcal	sensors	
	acHve	sensors	

Allometric	
models	
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Challenges	and	limitaitons:	capacity	building	

Extracted	from		Ronjin	et	al.	2009		

Fig.	1	–	SpaHal	distribuHon	of	the	naHonal	forest		inventory	capacity	gap		for	
REDD++	in	99	tropical	non-Annex	I	countries.	

VariaHon	in	countries	remote	
sensing	and	naHonal	forest	

inventory	capaciHes		
Ronjin	et	al.	2009		

Affects	
Global	esHmates	
(eg.	FAO-FRA	and	EDGAR)			

van	der	Werf	et	al.	2010		
Brown	1997,	Grainger	2008	
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Challenges	and	limitaHons:	carbon	stock	esHmates	

Many	divergent	biomass	maps.	

Houghton	et	al.	2001	
Houghton	et	al.	2009	
	GOFC-GOLD	2013	
	Omedo	et	al.	2014	
	Mitchard	et	al.	2014		

Most	studies:	limited	(number,	spaHal	distribuHon)	
																									possibly	biased	studies			

Omedo	et	al.	2014		

Challenge:			
	We	cannot	reliably	map	wood	density	nor	species	assemblages	from	space.	

Fearnside	et	al.	1997	

Mitchard	et	al.	2014		

Include	variaHon			

topography	
soil		

wood	density	
allometry		



Challenge	:	IntegraHon	of	methods	for	Carbon	esHmaHon	

Colheita	de	árvores		
Volume	úmido		
Peso	seco	

Escalas	
regionais	

Dimensões	arbóreas	
Extrapolar	(scale	up)	
Amostragem	

Medições	
diretas	

Medições	
indiretas	

Levantamentos	
de	campo	

Remote	sensing	

EsHmaHva	de	
biomassa	

satellites	
airplanes	
drones	

Global	and	
regional	scales	

OpHcal	sensors	
	AcHve	sensors	

Modelos	
alométricos	

LiDAR	(laser)		
	Forest	height	

VerHcal	structure	
Radar	(microwaves,	radio)		

VerHcal	structure	
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•  EvaluaHng	changes	in	forests:	combinaHon	of	
field	inventories	and	remote	sensing	

•  Monitoring	carbon	and	biodiversity	–	need	for	
a	unified	strategy	

•  IntegraHng	monitoring	and	ecosystem	
modeling:	move	toward	more	process-
oriented	approaches	



Monitoring	VegetaHon	Biodiversity	

Fauna		

Camera	trapping,	bioacousHcs	(	O’Brien	et	al.	2010),	and	
automated	digital	recording	systems	for	a	wide	range	of	
species	(Aide	et	al.	2014).		

Came4.1.	Remote	sensing	methods	for	measuring	biodiversity,	func3onal	traits	and	
species.		
Taxonomic	mapping		
Homolová	et	al.	(2013)	presented	an	extensive	review	of	opHcal	remote	sensing	methods	
to	esHmate	plant	funcHonal	traits.	VegetaHon	studies	regularly	use	the	opHcal	domain	
(between	380	and	2500	nm)	because	most	of	the	diagnosHc	absorpHon	features	of	green	
vegetaHon	are	within	this	part	of	the	spectrum	(Kokaly	et	al.	2009,	UsHn	et	al,	2009	apud	
Homolová	et	al.	2013).	Remote	sensing	has	strong	potenHal	to	monitor	plant	traits	when	
those	are	related	to	leaf	biochemistry,	photosyntheHc	processes	and	canopy	structure.	It	
also	can	retrieve	other	important	plant	traits	such	as	leaf	chlorophyll	content,	water	
content	and	leaf	area	index	(Homolová	et	al.	2013).		
OpHcal	spectroradiometers	on	satellite-,	airborne-	and	ground-based	plaqorms	present	a	
trade-off	among	spaHal,	spectral	and	temporal	resoluHons	(Homolová	et	al.	2013).	Satelite	
based	monitoring	provides	large-scale,	and	repeated	data	(in	2	to	16	days	intervals	
(Homolová	et	al.	2013).	Most	satellite-based	spectroradiometers	are	mulHspectral,	i.e.	
they	sample	the	electromagneHc	spectrum	only	with	a	few	spectral	bands.	On	the	other	
hand,	novel	hyperspectral	imaging	technologies,	or	imaging	spectroscopy,	can	capture	
reflectance	in	hundreds	of	narrow	spectral	bands,	resolving	fine	spectral	features	
associated	with	the	chemical	traits	(Goetz	et	al.	1985).	High-fidelity	imaging	spectrometers	
can	meet	performance	specificaHons	that	allow	for	reliable	remote	chemical	
determinaHons	of	plants	and	ecosystems.	(Asner	and	MarHn	2009).	Recent	technologies	
can	map	chemical	and	structural	traits	of	plant	canopies	and	are	promising	for	monitoring	
vegetaHon	biodiversity,	species	range	and	funcHonal	traits	(Schimel	et	al.	2013).	
Nonetheless,	spaceborne	imaging	spectrometers	are	extremely	rare	(Hyperion	on	EO1	and	
CHRIS	on	PROBA	plaqorms)	and	most	currently	operaHonal	satellite-based	
spectroradiometers	for	vegetaHon	monitoring	have	moderate	spectral	and	spaHal	
resoluHons	(Homolová	et	al.	2013).		
New	airborne-spectranomics	approach	(Asner	and	MarHn	2009)	based	on	the	chemistry,	
physics,	and	taxonomy	of	canopies,	could	change	tropical	forests	monitoring.	Novel	
technologies	such	as	High-fidelity	Imaging	Spectroscopy	(HiFIS)	and	Waveform	Light	
DetecHon	and	Ranging	(wLiDAR)	can	innovate	airborne,	tropical	forest	diversity	mapping.	
However,	methods	and	taxonomic	database	needed	to	apply	the	technology	aren’t	ready	
yet	(Asner	and	MarHn	2009).		
Homolová	et	al.	(2013)	stressed	that	understand	the	interacHon	between	plant	structural,	
physiological,	biochemical,	phenological	and	spectral	properHes	we	need	comprehensive	
and	integrated	measurements	of	various	plant	traits	together	with	leaf	and	canopy	
spectral	properHes.	A	more	coherent	collecHon	of	field	trait	data	together	with	proximal	
and	remote	sensing	observaHons	will	allow	us	to	develop	robust	scaling	schemes	to	
support	airborne	and	satellite	based	methods	of	trait	esHmaHon	(Homolová	et	al.	2013).	
a-trapping	for	large	animals	and	bioacousHcs	for	bats.		

Waldon	et	al.	(2014)		

Harrisson	et	al.	(2014)	

Yet,	a	single	biodiversity	monitoring	protocol	for	all	potenHal	REDD+	
sites	is	unrealisHc	because	of	great	differences	among	the	world’s	
forests	(Harrisson	et	al.	2014).		

Photo	by:	Eduardo	Rivero	

leaf	biochemistry	
photosyntheHc	processes		
canopy	structure.	
chlorophyll	content	
water	content	
leaf	area	index		

Remote	sensing	has	strong	potenHal	to	monitor	plant	
funcHonal	traits	.	 Homolová	et	al.	2013	

Schimel	et	al.	2013	

Photo:	Carnegie	Department	of	Global	
Ecology/Stanford	University	

MulHspectral	imaging	à		few	spectral	bands		

Novel	hyperspectral	imaging	
	Can	capture	reflectance	in	hundreds	of	

narrow	spectral	bands,	resolving	fine	spectral	
features	associated	with	the	chemical	traits.	

Goetz	et	al.	1985	

Because	field-based	studies	are		limited		and		
satellites		sHll	cannot		dissect		forest	canopies	into	
taxonomic	maps.	

Remains	a	very	diffcult	task:	

Asner	and	MarHns	2009		

Monitoring	carbon	stocks,	fluxes	and	biodiversity		



Monitoring	Animal	Biodiversity	

Fauna		

Came4.1.	Remote	sensing	methods	for	measuring	biodiversity,	func3onal	traits	and	
species.		
Taxonomic	mapping		
Homolová	et	al.	(2013)	presented	an	extensive	review	of	opHcal	remote	sensing	methods	
to	esHmate	plant	funcHonal	traits.	VegetaHon	studies	regularly	use	the	opHcal	domain	
(between	380	and	2500	nm)	because	most	of	the	diagnosHc	absorpHon	features	of	green	
vegetaHon	are	within	this	part	of	the	spectrum	(Kokaly	et	al.	2009,	UsHn	et	al,	2009	apud	
Homolová	et	al.	2013).	Remote	sensing	has	strong	potenHal	to	monitor	plant	traits	when	
those	are	related	to	leaf	biochemistry,	photosyntheHc	processes	and	canopy	structure.	It	
also	can	retrieve	other	important	plant	traits	such	as	leaf	chlorophyll	content,	water	
content	and	leaf	area	index	(Homolová	et	al.	2013).		
OpHcal	spectroradiometers	on	satellite-,	airborne-	and	ground-based	plaqorms	present	a	
trade-off	among	spaHal,	spectral	and	temporal	resoluHons	(Homolová	et	al.	2013).	Satelite	
based	monitoring	provides	large-scale,	and	repeated	data	(in	2	to	16	days	intervals	
(Homolová	et	al.	2013).	Most	satellite-based	spectroradiometers	are	mulHspectral,	i.e.	
they	sample	the	electromagneHc	spectrum	only	with	a	few	spectral	bands.	On	the	other	
hand,	novel	hyperspectral	imaging	technologies,	or	imaging	spectroscopy,	can	capture	
reflectance	in	hundreds	of	narrow	spectral	bands,	resolving	fine	spectral	features	
associated	with	the	chemical	traits	(Goetz	et	al.	1985).	High-fidelity	imaging	spectrometers	
can	meet	performance	specificaHons	that	allow	for	reliable	remote	chemical	
determinaHons	of	plants	and	ecosystems.	(Asner	and	MarHn	2009).	Recent	technologies	
can	map	chemical	and	structural	traits	of	plant	canopies	and	are	promising	for	monitoring	
vegetaHon	biodiversity,	species	range	and	funcHonal	traits	(Schimel	et	al.	2013).	
Nonetheless,	spaceborne	imaging	spectrometers	are	extremely	rare	(Hyperion	on	EO1	and	
CHRIS	on	PROBA	plaqorms)	and	most	currently	operaHonal	satellite-based	
spectroradiometers	for	vegetaHon	monitoring	have	moderate	spectral	and	spaHal	
resoluHons	(Homolová	et	al.	2013).		
New	airborne-spectranomics	approach	(Asner	and	MarHn	2009)	based	on	the	chemistry,	
physics,	and	taxonomy	of	canopies,	could	change	tropical	forests	monitoring.	Novel	
technologies	such	as	High-fidelity	Imaging	Spectroscopy	(HiFIS)	and	Waveform	Light	
DetecHon	and	Ranging	(wLiDAR)	can	innovate	airborne,	tropical	forest	diversity	mapping.	
However,	methods	and	taxonomic	database	needed	to	apply	the	technology	aren’t	ready	
yet	(Asner	and	MarHn	2009).		
Homolová	et	al.	(2013)	stressed	that	understand	the	interacHon	between	plant	structural,	
physiological,	biochemical,	phenological	and	spectral	properHes	we	need	comprehensive	
and	integrated	measurements	of	various	plant	traits	together	with	leaf	and	canopy	
spectral	properHes.	A	more	coherent	collecHon	of	field	trait	data	together	with	proximal	
and	remote	sensing	observaHons	will	allow	us	to	develop	robust	scaling	schemes	to	
support	airborne	and	satellite	based	methods	of	trait	esHmaHon	(Homolová	et	al.	2013).	
a-trapping	for	large	animals	and	bioacousHcs	for	bats.		

Photo	by:	Eduardo	Rivero	
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Camera	
trapping	

effecHve		for	medium-to-large	animals		

Aide	et	al.	2014	

BioacousHcs	
Bats	(bioindicators)		 O’Brien	et	al.	2010	

Automated	digital	recording	for	a	wide	range	
of	species.	

A		single	protocol	for	all	potenHal	REDD+	sites	is	unrealisHc	
because	of	great	differences	among	the	world’s	forests.	

Harrisson	et	al.	2014	

Monitoring		biodiversity	in	larger	scales	is		an		
important	challenge.	



Bustamante	et	al.	2016	



SpaHal	scale	and	temporal	resoluHon	of	different	methods	for	
monitoring	forest	carbon	stocks	and	biodiversity	



•  EvaluaHng	changes	in	forests:	combinaHon	of	
field	inventories	and	remote	sensing	

•  Monitoring	carbon	and	biodiversity	–	need	for	
a	unified	strategy	

•  IntegraHng	monitoring	and	ecosystem	
modeling:	move	toward	more	process-
oriented	approaches	
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IntegraHng	and	mulH-scale	plaqorm	for	monitoring	and	modeling	
carbon	stocks	and	biodiversity	

functional traits 
canopy species groups 
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Data gathering 

Environment and climate mitigation 
Food security 
Forest management 

Public policies 

Natural ecosystems 

low 
medium 
high 

Level of developement 



Summary	of	research	prioriHes	and	pracHcal	
recommendaHons	to	help	achieve	an	integrated	

framework	
1.  MobilizaHon	of	stakeholders	and	scienHfic	community	to	include	an	

integrated	framework	in	the	poliHcal	agenda	
2.  HarmonizaHon	of	naHonal	monitoring	programs	and	exisHng	iniHaHves	
3.  IntegraHon	and	opHmizaHon	of	ecosystem	models	to	improve	process-

level	understanding	carbon	and	forest	dynamics	
4.  Development	of	a	permanent	plot	field	network	to	calibrate,	validate,	and	

combine	mulHscale	sampling	and	monitoring	methods	
5.  Improvement	of	the	understanding	of	forest	drivers	and	post-disturbance	

trajectories	
6.  Inclusion	of	parameters	related	to	forest	fire	drivers	and	impacts	in	a	

monitoring	program	
7.  EvaluaHon	of	biodiversity	and	carbon	values	under	a	unified	strategy	
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Thank	you	


