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‘Press’ stressors include biotic and abiotic factors that gradually reduce the ability of trees 
to survive. We hypothesized that mortality events would be more likely to be preceded by 
press stresses, which would be evident as gradual declines in the NDVI record.  

Mean normalized peak summer NDVI (July - August) for nine years prior to the midpoint of inventory measurements. Shading 
indicates standard error of the mean. Mortality events are defined as measurement periods in which mortality averaged more 
than 2% y-1. 

Percent of permanent sample plots (PSPs) that displayed a negative 
seven-year trend in GIMMS3g NDVI prior to the midpoint of inventory 
measurements. Bars are shown for mortality and control plots as a 
function of the lower threshold of mortality. Lines indicate the number of 
PSPs for each plot type (mortality or control). Note the similar 
relationships, but different mean mortality, for spruce (Picea glauca and 
P. mariana) and aspen (Populus tremuloides). 

Prior nine-year MODIS NDVI trend as a function of site-level mean mortality. 
Each site represents the aggregate of three PSPs in close proximity. Note 
that most trends are negative, but increase in magnitude at higher mortality 
levels. 

GIMMS3g, Aspen GIMMS3g, Spruce 

MODIS, Spruce MODIS, Aspen 

‘Pulse’ stressors are sudden events that increase the likelihood of mortality, such as drought 
or insect infestations. We hypothesized that mortality events are more likely to be preceded by 
pulse stresses, which would manifest themselves as large negative NDVI anomalies. 

Percent of sites that experienced a large negative NDVI anomaly, defined by values less than two standard deviations away from 
the mean, during the five-year census interval. Bars are shown for mortality and control plots as a function of the lower threshold 
of mortality. Lines indicate the number of sites for each plot type. 
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The browning trends across much of boreal North America have been previously linked with 
productivity proxies such as tree ring widths [e.g., Beck et al., 2011]. We hypothesized that 
long-term NDVI trends would also be associated with trends in tree mortality. 

Trends in NDVI versus trends in mortality for the CAFI data set. Note the higher significance in spruce plots. Mortality trends 
were calculated using the non-linear mixed modeling approach of van Mantgem et al. [2009] and Peng et al. [2011]. 

Trends in NDVI versus trends in mortality for the Peng et al. [2011] data set in Canada. Note the higher significance in plots 
with more than 15 years overlap with the NDVI record. 
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We utilized two satellite products for NDVI. Measurements at 8 km from 1982 - 2012 were taken 
from the Global Inventory Modeling and Mapping Studies version 3g (GIMMS3g) data set, and 
measurements at 250 m from 2000 - 2014 were taken from the Moderate Resolution Imaging 
Spectroradiometer (MODIS) vegetation indices product (MOD13Q1). We define growing NDVI 
as the June - August mean. Most analyses focus on relationships between NDVI and plot-level 
tree mortality data from the Cooperative Alaska Forest Inventory (CAFI) data set [Malone et al., 
2009]. We also assessed relationships between NDVI and trends in tree mortality from 
Canadian inventory plots as presented in Peng et al. [2011]. We excluded plots that were 
measured less than three times, and plots and NDVI pixels that experienced fire after 1950 (> 
1% burned area for pixels). 

Growing season (June - 
August) NDVI trends during 
1982 - 2012 from the 
GIMMS3g data set over 
boreal North America. 
Agricultural and urban areas 
are masked out. Also shown 
are the locations of the 
Alaska (CAFI) and Canadian 
(Peng) inventory plots. NDVI 
trends were calculated using 
the Theil Sen method [Sen 
1968] after applying a pre-
whitening routine to remove 
lag-1 autocorrelation [Yue et 
al., 2002]. 

GIMMS3g, 1982 - 2012 GIMMS3g, plot years MODIS, plot years 

Histograms of NDVI trends at CAFI plots in Alaska for GIMMS3g (entire 
31 year record and years that overlap plot measurements) and MODIS. 
Note that during the years that field plots were measured, GIMMS3g 
shows many greening trends whereas MODIS shows mostly browning. 
This may be due to sensor degradation on the Terra satellite’s instrument 
[Wang et al., 2012]. 

Histograms of mean mortality (% stems y-1) at CAFI permanent sample 
plots (433 in total), categorized by spruce or deciduous broadleaf 
dominance. Note the higher mean mortality rates for deciduous stands, 
most of which are Alaska birch (Betula neoalaskana) or quaking aspen 
(Populus tremuloides). 

 The boreal forests of Canada and Alaska are a vital component of the North American 
carbon balance, and one whose continued sink strength remains uncertain. Long-term satellite 
measurements indicate that peak summer productivity of some boreal forests, particularly in the 
North American interior, has been decreasing over the past three decades. Although still 
uncertain, evidence points to a strong climatic influence with some trees at the limit of their 
thermal and drought tolerances. This ‘browning’ phenomenon may have a cascade of 
ecosystem impacts beyond immediate summer uptake, including long-term carbon balance, 
tree die-off, and shifts in species composition and forest distributions. 

 Here we assessed to what degree browning trends are related to tree mortality in Alaska 
and Canada. We aggregated inventory data to stand-level mortality from a long-term plot 
network in Alaska, and use previously published data on mortality trends in central-southern 
Canada. We tested three hypotheses: (1) mortality events are more likely to be preceded by 
negative NDVI trends (press stress), (2) mortality events are more frequently preceded by large 
negative NDVI anomalies (pulse stress), and (3) long-term mortality and NDVI trends are 
negatively correlated. Information is lacking on what attributes contribute to, and are affected 
by, large-scale productivity trends across boreal North America. Yet this is essential to 
understand and predict the response of northern forests to climate warming. 

 We found compelling evidence that trends and anomalies in the NDVI record are related 
to stand-level mortality in Alaska and Canada. This was evident with both the longer-term but 
coarse-resolution GIMMS3g data set, and the shorter-term but finer-resolution MODIS product 
for plots in Alaska. Given the diversity in stand type and location, this suggests a coherent 
relationship between tree mortality and productivity as measured by NDVI across boreal North 
America. We therefore suggest that at least some of the continent’s browning trends are 
associated with increasing tree die-off. 

 Combined with a host of other evidence, we are likely witnessing the beginning of a 
change to northern forests, some of which has potential to feedback to the climate system. It is 
important to work with management agencies to consider the vulnerability and resiliency of 
forests, which species are likely to thrive under a future climate, and what ecosystem services 
are highest priority. Future directions include incorporating more inventory data, assessing the 
relationships with climate, and using these results to benchmark Earth system models. 
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