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Mapping,	Monitoring	and	Modeling	Changes	in	the	North	American	Boreal	Biome	



Greening	&	Browning	of	
“The	New	North”	

	
AVHRR	GIMMS	3G		
Growing	Season		
NDVI	Trends	

	
8	km	res	

1982	–	2014	
	

In	some	Boreal	forest	areas	
satellite	observed	

productivity	declines	with	
warming	&	drying	

(drought	/	high	VPD)	
	

Significant	(p<0.05)		
Greening	&	Browning	trends	
in	areas	with		>20%	tree	cover	

Goetz	&	Rogers		
from	Appenzeller	“The	New	North”	article	in	Science	(Aug	2015)	
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GIMMS3g NDVI TREND 

1982-2008		

•  Circles represent white spruce & triangles black 
spruce stands. 

•  Open symbols are locations where fire 
disturbance (burning and regrowth after 1950) 
took place.

•  Red indicates where the series trend was 
significantly different from zero (0.05). 
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X		X		X	
Landsat	TM	&	ETM+	

1984-2012	
Ju	&	Masek	(2016)	Remote	Sensing	of	Environment	 X	X	
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Some	areas	of	the	NA	boreal	forest	biome	are	not	greening,	but	browning	(declining	in	productivity)		
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strongly confident that the responses reflect a general
signal of WSTM and the hydraulic limits of the trees.
The approach was characterized by the reliance on

historical observations to estimate drought sensitivity.
Sampling 4.5 million trees clearly contained a wealth of
information regarding drought effects for a wide vari-
ety of dominant North American tree species, for which
little quantitative knowledge was previously available.
The primary weakness of the approach lies in the fact
that sampled species need to have experienced lethal
water-balance conditions during the periods of mea-
surement in order for effects on mortality rate to be
detected.
All trees should have hydraulic limits so it stands to

reason that species that showed nonsignificant sensitiv-
ity to drought reflect cases of sampling deficiencies.
Hence, we describe unresponsive species as instances
of ‘nondetection’ rather than instances of ‘tolerance.’
These tended to be xeric and hygric species with small
sample size. Hence, although analysis of historical
observations can fulfil a major research need, this learn-
as-we-go approach to detecting the hydraulic limits of

trees is no substitute for experiments where one can
impose drought responses clearly surpassing the lethal
level (Ferrell & Woodard, 1966; Pharis, 1966; Pharis &
Ferrell, 1966; Plaut et al., 2012; Barigah et al., 2013;
Mitchell et al., 2013). The mortality of natural tree pop-
ulations due to increasing water stress has important
socio-ecologic implications. Yet because tall trees are
relatively rare, and because extreme drought events are
relatively rare, traditional inventory sampling naturally
leads to large amounts of redundant sampling of mor-
tality of average-sized trees during normal hydrological
conditions and very little sampling of the conditions
that define the drought-response functions (see Fig. S5).
Hence, more intensive (targeted) sampling of short and
tall trees following extreme droughts could be much
more cost-effective means of constraining the hydraulic
limits of important tree species.

Model performance

The study tested whether inclusion of water-balance
variables improved overall model performance relative

Fig. 7 Change in annual probability of mortality (% yr!1) over 1951–2014 inferred from the slope of the ordinary least-squares regres-

sion fit to the annual time series of each grid cell.

© 2016 John Wiley & Sons Ltd, Global Change Biology , doi: 10.1111/gcb.13428
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Change	in	annual	probability	
of	mortality	(%	year)		

1951–2014		
	

Inferred	from	the	slope	of	OLS	
regression	fit	to	the	annual	time	
series	of	gridded	predictions	

(8.1	million	mmts	of	change		
at	46,000	plots)	

	
Hember	et	al.	2016	GCB	

	

“Temporal	variability	in	the	
mortality	predictions	across	
North	America	was	strongly	

shaped	by	extreme	droughts	in	
1981,	1988,	1998,	2006,	2007	

and	2012”	
	



Detecting	precursors	of	tree	mortality	in	boreal	North	America	using	multi-scale	satellite	data	

Negative	trend	(declining	
vigor)	

High	mortality	b/n	2000	and	
2005		

Negative	jump	(episodic	drought	inciting	stress)	

“Early	warning”	metrics	common	at	high	mortality	
levels	and	relatively	long	time	windows	before	death	

Results	are	broadly	consistent	across	forest	inventories,	tree	
species,	early	warning	metrics,	and	satellite	sensors				
(Landsat,	MODIS,	and	AVHRR)	
Ongoing	work	to	integrate	thousands	more	field	plots	across	
Canada	and	develop	forecasting	models	that	combine	NDVI	
and	climate	predictors		Rogers	et	al.	(2018)	Global	Change	Biology	



The	composition	of	boreal	forest	post-fire	depends	on	the	severity	of	burning	

Greater	burn	severity	results	in	more	deciduous	tree	cover	–		
composition	changes	persist	for	decades	

OL	=	10	cm	

burn	severity	post-fire	organic	layer	depth	

OL	=	5	cm	 OL	=	2	cm	

Several	decades	of	research	on	this	topic	–	remote	sensing	brought	to	bear	in	past	two	decades.	

Ongoing	projects	documenting	aspects	&	implications	of	boreal	post-fire	succession	



Pastick et al. Global Change Biology, in press. 

NDVI   NDWI   NDII 



Severe	Fire	Disturbance	Changes	Boreal	Composition	
altering	Energy,	Carbon	&	Water	cycles	

Linked Energy, Carbon & Water 
exchanges with the atmosphere 

Beck et al. 2011 GCB 



DF map of Alaska (year 2010) and location of field plots from 
Cooperative Alaska Forest Inventory and Bonanza Creek LTER 

regional site network .  

A 

B 

Landsat-based deciduous fraction mapping of Alaska and the ABoVE Domain 
DF is important for energy partitioning, carbon & nutrient dynamics, and climate feedbacks 

Panels A (deciduous fraction) & B (high resolution 
imagery) are centered on Bonanza Creek 

Experimental Forest. 



A 

B 

Landsat-based deciduous fraction mapping of Alaska and the ABoVE Domain 
DF is important for energy partitioning, carbon & nutrient dynamics, and climate feedbacks 

Comparison of DF map (A) with high resolution 
imagery (B) shows good agreement with observed 

forest cover Massey, Goetz, Rogers, Mack et al. (forthcoming) 

DF map of Alaska (year 2010) and location of field plots from 
CAFI and Bonanza Creek LTER regional site network .  



Landsat-derived deciduous fraction map comparison with  
USGS NLCD 2011 

High resolution imagery indicates we are mapping deciduous cover better than NLCD, in addition to capturing 
the more continuous nature of forest composition.  

Alaska deciduous fraction 2010 USGS NLCD 2011 High resolution imagery (ESRI 2013) 
Delta junction, Alaska 



Individual	tree-based	modeling	in	interior	Alaska	

fir	
spruce	
pine	

aspen	

University	of	Virginia	Forest	Model	
Enhanced	

UVAFME	–	individual	tree-	based	
model	that	simulates	tree	growth	and	
response	to	external	factors	&	tree-
tree	competition	(Yan	&	Shugart	2005;	
Foster	et	al.	2017)		

organic layer depth

depth of thaw

litter quality

Updates	to	UVAFME	
•  Simulation	of	permafrost	depth	

•  Incorporation	of	fuels	tracking	and	
fire	consumption	of	litter	&	humus,	
improved	post-fire	regrowth		

•  Update	of	litter	and	nutrient	modules	

Alaskan	Modeling	
•  77	CAFI	sites		
•  30	black	spruce/white	spruce	

sites	near	Gilles	Creek	
•  Wall-to-wall	simulations	across	

Yukon	River	Basin	(2km	
resolution	~	131,000	sites)		ABoVE	Project	Goetz-03	

Foster	et	al.	(forthcoming)	



Climate	change	was	initiated	at	mature	forest	state	(400	years	from	bare	ground	initiation)	–	year	2006	

Comparisons	to	pre-climate	change	conditions	were	taken	from	year	600	of	simulations	(i.e.	year	2206)	

Climate	change	consisted	of	94	years	of	changing	monthly	temperature	and	precipitation	(in	
this	scenario	both	increased)	from	2006	to	2100	

Dominant	species	in	the	Tanana:		pre-climate	change	and	after	100	years		
of	stabilization	following	climate	change	(RCP	8.5)	



Climate	change	was	initiated	
at	mature	forest	state	(400	
years	from	bare	ground	
initiation)	–	year	2000	

Comparisons	to	pre-climate	
change	conditions	were	
taken	from	year	600	of	
simulations	(i.e.	year	2206)	

Climate	change	consisted	
of	94	years	of	changing	
monthly	temperature	and	
precipitation	(in	this	
scenario	both	increased)	
from	2006	to	2100	

ABoVE	Project	Goetz-03;		Foster	et	al.	(forthcoming)	



Comparisons	to	pre-climate	change	conditions	were	taken	from	year	600	of	simulations	(year	2206)		

White	spruce	and	black	spruce	biomass	change	(from	historical/pre-climate	change)		
after	100	years	of	stabilization	following	climate	change	(RCP	8.5)	

Climate	change	was	initiated	at	mature	forest	state	(400	years	from	bare	ground	initiation)	–	year	2006	

Climate	change	consisted	of	94	years	of	changing	monthly	temperature	and	precipitation	(in	this	scenario	both	increased)	from	2006	to	2100	

White	spruce	 Black	spruce	Quaking	aspen	



Composition	and	Biomass	changes	prior	to	and	following	Climate	change	(RCP	8.5)		

Species	equilibrate	for	400	years;		Climate	changes	across	years	400-495;		Species	re-equilibrate	years	495-600	



For	details	visit	above.nasa.gov/airborne.html	

Coordinated	Field	measurements	and	Airborne	Acquisitions	


