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ABSTRACT 
 

Arctic warming is occurring at more than two times the global rate of warming over the past 150 

years, which has resulted in widespread vegetation shifts (Post et al., 2009). However, vegetation 

species are not responding uniformly to rising temperatures. Remote sensing techniques have 

used the Normalized Difference Vegetation Index (NDVI) to detect changes in vegetation 

productivity throughout circumpolar Arctic regions. Overall, there has been an increase in 

vegetation productivity over the past twenty years as warming has increased. Regions which 

have increased in vegetation productivity are referred to as “greening” regions, whereas regions 

which have shown no change are referred to as “non-greening” regions. Some regions are 

showing a decline in productivity, referred to as “browning”. There has, however, been few 

studies done to ground-validate these changes. Using satellite-derived Enhanced Vegetation 

Index (EVI) data, a metric that is analogous to NDVI, and a comparison of vegetation height and 

composition data from ten ‘greening’ regions and ten ‘non-greening’ regions near treeline in the 

Northwest Territories, these differences were examined at ground-level. Statistical analysis and 

multivariate ordination were performed to assess significant differences between the two site 

types, as well as to determine the similarity between sites, and the species that have a tendency to 

be prevalent in each site type. It was found that greening sites contain more shrub cover. It was 

also determined that non-greening sites tend to contain more grass/graminoid species as well as 

non-vascular species and are more variable in terms of species composition and vegetation 

characteristics than greening sites. This suggests that shrub species are more responsive to 

warming and have a tendency to be more productive as temperatures increase. This study 

contributes to a greater understanding of vegetation changes in response to warming at ground-

level and can be expanded upon to provide insight into associated faunal range shifts, as well as 

predict future changes that may occur at treeline as climate continues to warm. 
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1.0 INTRODUCTION 
 
1.1 BACKGROUND 

 It is well documented that rising average global temperatures are causing large-scale 

ecological shifts within virtually every biome on Earth (Post et al., 2009, McCarty, 2002). These 

changes are affecting some regions at a faster rate than others. Arctic warming has occurred at 

more than two times the global rate of warming over the past 150 years, resulting in widespread 

vegetation shifts and faunal extirpations (Post et al., 2009). Bhatt et al. (2010) observe that land 

warming has been especially evident in North America, where the amount of May to August 

open water within 100km of the Arctic coast has increased by approximately 30% over past three 

decades.  

Elevated rates of warming specific to the Arctic, known as ‘Arctic amplification’ stem 

largely from the conversion of reflective sea ice to heat-absorbing water bodies during the 

summer, resulting in albedo changes in the Arctic Ocean during the summer (Walker et al., 

2012). Additionally, lapse rate feedback, associated with the vertical structure of warming 

enhances these temperature rises (Pithan & Mauritsen, 2014). The atmosphere in the Arctic is 

highly stratified, resulting in less vertical mixing and near surface inversions, leading to a higher 

rate of warming at high latitudes (Goosse et al., 2018).  

Warning has caused significant changes in species diversity and above-ground biomass; 

however, these changes are not occurring uniformly among tundra vegetation types (Euskirchen 

et al., 2009). Shifts in temperature, snow, ice cover and nutrient availability result in altered 

biological dynamics within the Arctic (Post et al., 2009). The northward range expansion of 

species at treeline, the region between forest and tundra ecosystems, are expected in response to 

climate warming (Post et al., 2009, Danby & Hik, 2007). However, varied responses to warming 
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at different scales have been observed based on species-specific traits and environmental 

conditions (Danby & Hik, 2007).   

Arctic and alpine tundra regions are diverse, and the knowledge of geographical variation 

in response to recent warming is limited to remote sensing approaches and a few sampling 

locations (Callaghan et al., 2011). Using the Normalized Difference Vegetation Index (NDVI) 

obtained from remote sensing satellites, many studies have demonstrated an increase in 

vegetation productivity, or ‘greening’, of Arctic ecosystems (Epstein et al., 2012). The extent of 

Arctic greening, however, varies across the Artic and is even negative in some areas (Walker et 

al., 2012); sometimes referred to as vegetation ‘browning’. Regions which show neither positive 

or negative changes are referred to as ‘non-greening’.  

Given this global variability, there is a need for careful analysis of NDVI trends, which 

may be driven by local and non-equilibrium factors (Walker et al., 2012). These are separate 

from climate-warming factors and could include recovery from glaciation, variations in snow 

cover, increased precipitation or changes in natural and anthropogenic disturbance regimes 

(Walker et al., 2012). Moreover, there have been relatively few studies to field-validate the 

NDVI trends, meaning that much less is known about what these changes look like in the 

physical environment. This has implications for many earth-system processes, including carbon 

sequestration, snow cover and albedo (Jia et al., 2009).  

 

1.2 OBJECTIVES  

The goal of this project is to analyze differences in vegetation composition and structure 

that exist at ‘greening’ and ‘non-greening’ sites near treeline in central Northwest Territories, 

Canada. More specifically, the differences in the abundance and height of different plant species 

between ten ‘greening’ sites and ten ‘non-greening’ sites will be examined based on Enhanced 
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Vegetation Index (EVI) trends, a metric analogous to NDVI, throughout the past two decades. A 

comparison will also be performed, through statistical testing and multivariate analyses to 

determine the extent and significance of these differences.  

This study will contribute to an improved understanding of the differences between plant 

community composition within greening and non-greening tundra sites in the central Northwest 

Territories at ground-level. It will also provide further insight to specific plant communities at 

treeline; a region which is changing rapidly in response to climate warming. As such, it will 

provide a deeper understanding as to which vegetation types are more sensitive to temperature 

change in the Canadian subarctic. It can be expanded upon in future studies to analyze potential 

factors behind changes in the range distribution of herbivorous species, such as the Bathurst 

caribou; a species whose Canadian subarctic population has drastically declined throughout the 

past couple of decades.  
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2.0 LITERATURE REVIEW 
 
2.1 ARCTIC GREENING TRENDS & CAUSES 

 Arctic and subarctic environments are changing quickly in response to temperature 

increases. This has caused large-scale modifications to ecosystems such as receding glaciers, 

permafrost thawing and changes in snow characteristics (Callaghan et al., 2011). Temperature 

changes have also been observed to alter vegetation dynamics throughout circumpolar Arctic and 

tundra regions. Since 1981, NDVI trends have been widely used to document changes in 

vegetation productivity, or photosynthesis (Bunn & Goetz, 2006).  

 Arctic amplification is the term that is used to describe enhanced warming within Arctic 

regions. This phenomenon is attributed mainly to changes in the albedo of oceans as sea-ice 

melts, converting ice- and snow-covered areas which are highly reflective to heat-absorbing open 

water (Walker et al., 2012), thereby creating a positive feedback loop leading to additional 

warming. As a result, small changes in global temperatures result in imbalanced responses in 

Arctic and boreal regions, ultimately altering processes such as photosynthesis and 

decomposition (Euskirchen et al., 2009). Shifting the balance between photosynthesis and 

respiration has implications for vegetation community structure (Euskirchen et al., 2009). 

Additionally, Arctic amplification has been linked to the greenhouse effect and additional water 

vapour, changes in the effect of clouds on the Earth’s radiative balance the lapse rate associated 

with the vertical structure of surface warming, as well as changes in atmospheric and ocean heat 

transport (Pithan & Mauritsen, 2014).  

Regions which have shown increases in vegetation productivity have been identified as 

“greening”, characterized by an increase in above-ground biomass (Bunn & Goetz, 2006). 

Several studies have shown an overall increase in Arctic and circumpolar Arctic greenness 

throughout the periods of 1982-2010 (Bhatt et al., 2010, Walker et al., 2011, Raynolds et al., 
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2008), with the overall mean greenness of the northern hemisphere tundra increasing by 

approximately 8% within this time period (Bhatt et al., 2010). Tundra regions in North America 

continue to show steady increases in NDVI, however positive NDVI trends have generally 

tended to be stronger between 1982-2008 than between 1982-2011 (Bhatt et al., 2010).  

 Recent studies have demonstrated negative trends in NDVI values in northern latitudes, 

specifically above 50ºN (Bunn & Goetz, 2006, Angert et al., 2005), indicating that the effects of 

warming are not affecting all regions uniformly across treeline. From 1981 to 2001 the majority 

of the boreal forest showed very little change in NDVI trends, and many other areas were shown 

to decrease in vegetation productivity (Bunn & Goetz, 2006). Tundra regions, however, have 

consistently shown an overall increase in NDVI and consequently have been primarily greening 

throughout the time period (Bunn & Goetz, 2006, Angert et al., 2005).  

Vegetation changes in tundra and alpine sites are largely believed to be a response to 

climate warming throughout these regions (Danby et al., 2011). The majority of tundra 

vegetation is “summer-temperature limited” (Bhatt et al., 2013), whereby the majority of 

vegetation community distribution is controlled by climatic factors (Raynolds et al., 2008). 

Currently, tundra plant communities are comprised of species that are able to tolerate cold 

summer temperatures (Raynolds et al., 2008). Plant species in the Arctic have adapted to cold 

climates by reducing the temperatures at which they can achieve optimal photosynthetic rates 

(Raynolds et al., 2008). Therefore, plant energy budgets are constrained by summer 

temperatures, which determines the amount of vegetative growth in a given year, and individuals 

with a negative energy budget cannot survive the cold (Raynolds et al., 2008).  

Arctic plants have been shown to respond to temperature increases. Through a meta-

analysis performed on tundra warming studies, it was found that deciduous shrub and graminoid 

vegetation cover increased with rising temperatures, whereas non-vascular vegetation was 
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observed to decrease (Walker et al., 2006). Other local factors can play a role in understanding 

the large heterogeneity seen in tundra NDVI trends (Bhatt et al., 2013). These can include glacial 

history, winter temperatures, snow cover, precipitation, regional flora, soil chemistry and 

moisture, nutrient availability, as well as historical land use (Raynolds et al., 2009, Bhatt et al., 

2013, Walker et al., 2009). Plant communities can also be limited by dispersal, whereby the 

effects of cold temperatures on community establishment was observed in studies to the most 

prominent factor in determining establishment (Alsos et al., 2007). The pattern and rate of 

species’ response to warming is also dependant on species-specific traits (Danby & Hik, 2007).  

The increasing NDVI trend is not uniform across parts of the Arctic, despite a time-

integrated increase of 20% between 1982-2007 (Walker et al., 2009). The ground-level causes 

behind the NDVI increase are not well-understood, however, they have been credited to multiple 

factors, including an increase in the extent and abundance of shrubs, differential response of 

vegetation types to local anthropogenic disturbances and land use changes, the northward 

expansion of treeline from the sub-Arctic, extended growing seasons and rising temperatures 

(Walker et al., 2009, Danby et al., 2011). Through analyses and models, it was determined that 

boreal forest browning, indicating regions with a decreasing NDVI trend, could be a cause of 

temperature-related water shortages in late summer months, which offsets photosynthetic 

productivity earlier in the season (Bunn & Goetz, 2006).  

 

2.2 CONSEQUENCES  

 The northward and altitudinal expansion of species’ distribution has been reported in 

temperate, north-temperate and Arctic ecosystems (Post et al., 2009). Climate-induced warming 

has resulted in range expansions of low Arctic trees and shrubs (Post et al., 2009, Danby & Hik, 

2007). Rapid warming is also resulting in an advance in treeline, where tree species are 
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colonizing in tundra regions (Hartley et al., 2012). Increased growing seasons, soil water 

availability and increased plant productivity is associated with rising temperatures (Fisk et al., 

1998). Range expansion at treeline has the potential to affect nitrogen cycling, decomposition, 

productivity (Elmendorf et al., 2011), and trace gas exchange (Post et al., 2009) throughout the 

region. 

Soils contain more carbon than is found in the atmosphere in high latitude regions 

(Hartley et al., 2012). In certain Arctic ecosystems, high plant productivity results in rapid 

nutrient cycling and low storage of carbon in soils (Hartley et al., 2012). Therefore, as vegetation 

growth increases with warming, it is predicted that soil storage of carbon will decrease in certain 

parts of the Arctic and enter the atmosphere (Hartley et al., 2012); a positive feedback which 

could proliferate further warming. Rising surface temperatures could also increase nitrogen 

mineralization rates (Lloyd et al., 2003), having the potential to affect nutrient cycling in soils.  

 Increased productivity is expected to enhance decomposition, referred to as “priming”, 

and effectively alter nutrient cycling (Hartley et al., 2012). “Positive priming” involves older 

soils being decomposed at a faster rate, due to an increase of energy supplied by carbon from 

vegetation (Hartley et al., 2012). Decomposition rates play a key role in predicting carbon 

storage in Arctic ecosystems, as most of the carbon in the Arctic is stored underground and the 

advancement of treeline is affecting productivity in these regions (Hartley et al., 2012).  

Active layer depth is expected to be greatly altered with increased warming in 

circumpolar and Arctic tundra regions, as permafrost lies underneath approximately 18% of 

exposed land in the northern hemisphere (Lloyd et al., 2003). Permafrost thaw is predicted to 

affect ecosystem processes and vegetation communities in arctic and subarctic regions (Lloyd, 

2003). Due to increased permeability and enhanced drainage of soils through permafrost melt, 

plant species that are unable to tolerate cold, poorly-drained soils are predicted to expand their 
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range northwards in response to warming temperatures (Lloyd, 2003). It is expected that shrub-

tundra and forest-tundra regions specifically, with plant communities consisting of 

predominantly tall woody vegetation (Lloyd et al., 2003, Allard et al., 1996) and wetland 

graminoids (Callaghan et al., 2010) are likely to expand their geographic ranges. Furthermore, 

permafrost melting may be exacerbated by the range expansion of tall woody vegetation, through 

the development of landforms such as palsas (Lloyd et al., 2003). This can cause increased 

ground insulation, therefore quickening the rate of permafrost thaw (Lloyd et al., 2003). Rising 

temperatures in the arctic have also been associated with increased active layer thickness 

(Callaghan et al., 2010). This trend has affected hydrology within the treeline region.  

Extreme weather events throughout the winter, and precipitation and runoff have also 

increased in response to elevated temperatures in the Arctic (Callaghan et al., 2010). In water 

bodies within close proximity to permafrost, there has been higher amounts of total organic 

carbon as a result of more runoff (Callaghan et al., 2010). Experimental models have shown that 

extreme weather events spanning more than 1400km2, whose impacts are intensifying with 

warming temperatures, can significantly damage vegetation throughout the region (Callaghan et 

al., 2010, Bokhorst et al., 2009).   

At a local scale, vegetation range expansions are predicted to affect faunal biodiversity as 

well as the subsistence harvests, and the livelihoods of local residents (Elmendorf et al., 2011). 

Trophic interactions regulate relations between consumers and resources throughout Arctic 

ecosystems (Post et al., 2009). Additionally, herbivory is a primary factor that controls plant 

productivity and species effects in response to warming (Post et al., 2009). Changes in 

decomposition rates due to higher temperatures has the potential to alter trophic interactions 

(Post et al., 2009).  
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Animal invasions and range expansions will also be altered; either being the cause of, or 

in response to vegetation shifts. Forage quantity and quality are predicted to be altered with 

Arctic warming (Elmendorf et al., 2011). Vegetation advances have the potential to result in a 

trophic “mismatch”, whereby the peak herbivore resource demand and peak resource availability 

are offset (Post & Forchhammer, 2007). This is likely to significantly affect migratory species 

(Post & Forchhammer, 2007), potentially resulting in substantial population declines and range 

shifts.  

 

2.3 METHODOLOGY 

 The predominant methods used for observing changes in NPP, biomass, and vegetation 

extent and abundance include field surveys, repeat surveys and remote sensing (Euskirchen et al., 

2009). NDVI has been well-recognized as a tool for measuring long-term vegetation trends 

throughout the Arctic. NDVI has improved overall understanding of intra- and inter- seasonal 

variations in vegetation characteristics at various scales, as well as provide a deeper 

understanding of long-term ecological processes (Vickers et al., 2016). It has demonstrated the 

biophysical properties of Arctic vegetation well on the ground, whereby NDVI values increase 

with the amount of biomass as measured by the leaf area index (LAI) (Raynolds et al., 2008), as 

well as factors such as vegetation type and absorbed photosynthetically active radiation (APAR) 

(Goetz & Prince, 1998). The analysis of high-latitude carbon storage and net primary production 

is important in understanding increased plant activity in response to warming.  

There are, however several criticisms pertaining to NDVI-derived data. It is argued that 

the recent records of vegetation productivity in the Arctic have not taken advantage of the spatial 

extent or resolution of the NDVI record (Raynolds et al., 2008). Many studies have found 

increases in Arctic NDVI in response to rising temperatures, however have focused primarily on 
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the effects of anthropogenically-induced climate change (Raynolds et al., 2008). There have been 

critiques due to “orbit degradation and changes in sensors between satellites” seen in the satellite 

record (Raynolds et al., 2008, Kaufmann et al., 2003).  

 Satellite remote sensing projects have provided a coarse-scale insight into vegetation 

trends throughout the Arctic region (Callaghan et al., 2011), as well as allowed for the 

quantification of these trends over several spatial and temporal scales (Bonney et al., 2018). 

Coarse-scale data from the Advanced Very High Resolution Radiometer (AVHRR) has been 

commonly used for the measurement of vegetation changes at large scales, and is often used to 

demonstrate greening and browning throughout tundra and boreal forest regions (Bonney et al., 

2018). Alternatively, Landsat data have been used to demonstrate these changes at finer 

resolutions, such as landscape- and regional-scales (Bonney et al., 2018).  

 Studies have had problems refining the relation between NDVI values and ground-

measured vegetation in Arctic tundra regions (Raynolds et al., 2012). This is a result of the 

difficulties in matching the scale between field data and NDVI data, as spectral band widths, and 

spatial resolution in remote sensing data can vary between methods used (Raynolds et al., 2012). 

Additionally, when adjusted and compared using linear regression, the relation between 

vegetation characteristics and NDVI values greatly fluctuate, resulting in poor correlations 

between studies (Raynolds et al., 2012).  

 NDVI has largely been criticized for its sensitivity to atmospheric variables, soil 

background as well as saturation of values (Xiao et al., 2003). EVI is a metric which is similar to 

NDVI, however it takes into account atmospheric aerosols and soil reflectance (Xiao et al., 

2003). It has been commonly used as an alternative to NDVI for observing vegetation changes as 

it limits influences from these factors on spatial-temporal patterns seen in satellite data (Xiao et 

al., 2003).  
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There have been several criticisms regarding the use of satellite remote sensing methods 

for monitoring vegetation change. Remotely-sensed vegetation trends provide little information 

on the magnitude of vegetation change in response to warming at ground-level (Bonney et al., 

2018, Epstein et al., 2012). However, multiple studies have compared relationships between 

NDVI and phytomass, using relationships between NDVI and hand-held spectrometry, as well as 

between NDVI and field-measured biomass data (Epstein et al., 2012). Moreover, there is no 

comprehensive dataset for circumpolar NDVI values throughout the Arctic (Raynolds et al., 

2012).  

Field studies have been able to closely identify changes in shrub cover in certain regions 

throughout the Arctic and boreal forest regions (Raynolds et al., 2008). However, field studies 

have been unable to identify broad-scale changes in vegetation cover within these regions 

(Raynolds et al., 2008). Ground validation using NDVI has shown a relationship between coarse-

scale vegetation trends determined by remote sensing and biomass measurements (Bonney et al., 

2018).  

Recently, the use of dendrochronology has been applied to studies in Arctic shrub 

advancement (Myers-Smith et al., 2015). Dendrochronological analysis has been used in addition 

to remote sensing to determine linkages between NDVI greening and ground-level data, to 

measure the climate-sensitivity of species productivity, reconstruct historical climates, record 

tree- and shrub-line advances as well as analyze regional-scale disturbances (Myers-Smith et al., 

2015). Currently, however, there is no comprehensive synthesis of shrub-growth data, and inter-

study comparison between sites and species (Myers-Smith et al., 2015).   

It has been criticized that previous studies and syntheses regarding the temporal and 

spatial vegetation responses to rising temperatures in tundra regions have lacked adequate data 

and statistical analysis (Elmendorf et al., 2012). This is because the majority of experiments 
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conducted have been over short time periods, the majority less than six years, and were 

conducted at a small number of research stations (Elmendorf et al., 2012) that were not widely 

dispersed throughout Arctic regions.  

Several meta-analyses have proposed that vegetative responses to warming vary with 

climatic factors including temperature and moisture (Elmendorf et al., 2012). These meta-

analyses do not include repeat measurements, which could result in the data being exaggerated or 

non-representative of long-term trends (Elmendorf et al., 2012). The limitations within these 

studies render them unable to measure and predict the effects of long-term warming over a wide 

geographic region (Elmendorf et al., 2012).  

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 16 

3.0 METHODS 
 
3.1 STUDY AREA 

This study took place near treeline in the Northwest Territories. Changes in vegetation 

productivity from 2000-2017 were quantified using linear regression analyses based on 250m 

resolution data from the MODIS sensor on NASA’s Terra satellite (Dearborn et al., 2018) to 

quantify vegetation productivity near treeline. EVI was used to quantify changes in “greenness” 

over time. Values for this metric typically lie between 0 and 1, with values closer to 1 showing 

more productive regions and values near 0 showing bare ground.  

 

Figure 1: A map depicting greening and non-greening regions based on EVI values at 250m resolution. Green 
regions depict an increase in vegetation productivity and white regions depict no change in vegetation productivity. 
Brown regions depict a decrease in vegetation productivity.  

 

Areas which showed a significant increase in EVI were labelled greening areas, and those 

which showed no increase in productivity were labelled non-greening (Figure 1). Regions which 
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had experienced fire disturbance within the past 60 years were excluded from analysis as other 

factors likely influenced vegetation greenness.   

Ten greening sites and ten non-greening sites were selected for sampling, based on 

regions where there was a significant mix of greening and non-greening sites, as well as 

proximity to one another and accessibility by portage (Figure 2). A canoe-based field expedition 

that started at Jolly Lake, along to Courageous Lake, through the Snake River and concluding on 

Mackay Lake was conducted across the study area in July and August of 2018 to visit each site. 

 
Figure 2: A map containing the locations of each of the ten greening and ten non-greening sites surveyed. The green 
circles represent greening sites and the grey circles represent non-greening sites. The blue triangles are camp 
locations. 
 
  The sites were located within two ecoregions; the Mackay Upland HS Ecoregion and the 

Mackay Upland LAs Ecoregion. The Mackay Upland Ecoregion is a low-relief bedrock plain, 

that is dominated by open spruce woodlands in the southern third of the Ecoregion and has shrub 

tundra with scattered tree communities along shores and in sheltered regions throughout the 
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upper two thirds (Ecosystem Classification Group, 2008). Eskers are a common landform within 

this ecoregion (Ecosystem Classification Group, 2008). The average annual temperature 

throughout the regions is -9.9 to -7.0 degrees Celsius, with mean annual precipitation resting 

between 251 and 325mm (Ecosystem Classification Group, 2008).  

 
 
3.2 DATA COLLECTION 
 

General conditions were first recorded at each site. These included slope, aspect, gradient 

of site, moisture conditions, soil measurements as well as evidence of migratory species such as 

caribou. Sites were established at ten greening and ten non-greening sites. The setting of the sites 

was previously selected based on remote sensing results and GPS navigation. However, to 

prevent user bias, random placement of the northwest corner of the plots was determined by 

walking a random of steps up to 15m from the exact GPS location. 

Using a compass, four 100m transects were established parallel to each other, oriented in 

a north-south direction and were separated by 50m at each site (Figure 3). Prior to sampling, a 

tape measure was used to identify the sampling points and a pin flag was placed at each 10m 

interval so that the grid was established prior to sampling. Photographs were taken from each 

corner which allowed a systematic collection of images for analysis.  

The height and presence of dominant plant species in six functional groups including tall 

shrubs, dwarf shrubs, graminoids, forbs, non-flowering vascular and nonvascular plants, were 

recorded with a tape measure at 10m intervals along the transects. Unvegetated cover was also 

recorded, including soil, litter, rock and gravel cover. All data were entered into an ordered 

species database with height as the response variable.  
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Figure 3: A diagram showing the layout of a sample site. Plots measured 150m wide and 100m long. Four 100m 
transects were established parallel to one another and were each separated by 50m. At 10m intervals along the 
transects, the height of the dominant species was recorded. 
 
 
 
3.3 DATA ANALYSIS 
 
 The raw community composition data were entered into a dataset on Microsoft Excel. 

The percent cover of both functional group and species, as well as the mean, median, and total 

height for each species at each site was then calculated. Community composition was 

quantitively compared using Bulk Vegetation Volume (BVV) values. T-tests were then used to 

establish the statistical significance of the differences between the heights and composition of 

species at each site. P-values were considered statistically significant if they were less than 0.05.  

The BVV of species and functional groups was determined using the methods of Bonney 

et al., (2018). This was done by multiplying the percent cover by the average value of the 

species’ height (in m) by the total area of the plots. This value was then converted to a “per 
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hectare” value. Statistical t-tests were also performed to determine the significance of any 

differences between greening and non-greening sites. 

Multivariate ordination was then performed on the data using the Windows PCORD 

software. Percent cover and species volume datasets were imported into the program. The 

multivariate ordination was performed in autopilot mode, whereby each ordination was 

performed using Bray-Curtis (Sorensen) distance measure, variance regression as export 

selection measure, Euclidean axis projection, Euclidean result distribution, and using 3 axes. The 

ordination was graphed using a 2D projection in order to further explore the differences between 

the types of sites. 
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4.0 RESULTS 
 
4.1 HEIGHT & COVER 
 
 The results show vegetation characteristics that are occurring within the plots at the ten 

greening and ten non-greening sites that were sampled. The mean height of each of the dominant 

species observed within each plot, as well as the median height, and total height were calculated. 

When the data were analyzed using multiple t-tests it was determined that there was no 

significant difference in these metrics between greening and non-greening plots (i.e. P-values 

were all >0.05).  

Differences in percent cover between greening and non-greening plots were also 

compared for the six functional groups, as well as for dominant plant species in each plot. A 

statistical t-test was performed on each of the seven functional groups, including tall shrubs, 

dwarf shrubs, graminoids, forbs, non-flowering vascular, non-vascular, and unvegetated, as seen 

in Figures 4-9. It was determined that tall shrubs (Figure 4) was the only group that demonstrated 

a significant difference between greening and non-greening sites with a P-value of 0.048.  

When these results were graphed onto box plot diagrams, a larger spread of the non-

greening cells is apparent in every graph demonstrating more variance in terms of percent cover, 

evident in Figures 4-9. Greening sites, however, have a higher proportion of tall shrubs. These 

differences are especially apparent in tall shrubs, which as mentioned previously shows a 

significant difference between greening and non-greening sites. This large spread is also 

pronounced in dwarf shrubs, graminoids and non-vascular species.  



  

Figure 4: The variance of percent cover of tall shrubs 
between greening and non-greening sites.  

Figure 5: The variance of percent cover of dwarf shrubs 
between greening and non-greening sites.  

Figure 6: The variance of percent cover of graminoid species 
between greening and non-greening sites.  

Figure 7: The variance of percent cover of forb species 
between greening and non-greening sites.  

Figure 8: The variance of percent cover of non-flowering 
vascular species between greening and non-greening sites.  

Figure 9: The variance of percent cover of non-vascular 
species between greening and non-greening sites.  



  

 A t-test was also performed to compare the differences seen in species within the plots. It 

was found that there were significant differences in birch (P = 0.022) and rock (P = 0.027) 

between greening and non-greening sites. Moreover, when these data were placed into box plot 

diagrams, the trend seen in functional group data was again seen in species data whereby there is 

a larger variance in percent cover within non-greening plots than greening plots in both birch 

(Figure 10) and rock (Figure 11).  

 
Figure 10: A box plot graph showing the variance in the percent cover of birch in greening and non-greening sites. 
P-Value of 0.022. 
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Figure 11: A box plot graph showing the variance in percent cover of rock in greening and non-greening sites. 
P-Value of 0.027. 
  
 
4.2 BULK VEGETATION VOLUME ANALYSIS 

 The bulk vegetation volume was calculated for each functional group as well as for 

dominant species in each plot based on height. A t-test was performed on six of the functional 

groups, including tall shrubs, dwarf shrubs, graminoids, forbs, non-flowering vascular and non-

vascular. It was found that there was no significant difference between greening and non-

greening plots for any of the functional groups (P > 0.05 for all tests).  

 The same statistical t-test was performed on each of the dominant species in each plot. 

Initially, none of the results were deemed significant. However, non-greening plots in particular 

contained large outliers for birch in plots N08 and N10. Once these outliers were removed for a 

more accurate comparison between plots, the initial P-value comparing birch between greening 

and non-greening plots, which was 0.424 became 0.001 and indicates a very significant 

difference. The box plot showing the spread of birch volume values, Figure 12, demonstrates 

high variance in non-greening plots, as well as the high instance of outliers.  
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Figure 12: A box plot graph showing the variance of birch volume in greening and non-greening sites. 
 
 
4.3 MULTIVARIATE ANALYSIS 

 Using the PCORD program, a multivariate analysis was performed using Bray-Curtis 

ordination for both percent cover of species as well as the bulk vegetation volume of species 

based on each of the ten greening (G) plots and ten non-greening plots (N). The resulting graphs 

produced unitless matrices whereby the proximity of plots to one another on the axes was 

indicative of their similarity (i.e. the closer that they were placed on the graph, the more similar 

the plots and the further that they are placed on the graph, the greater the difference between the 

plots). Ordinations showing Axis 1 and 2, as well as 1 and 3 were used to compare the plots.  

 When examining percent cover on Axis 1 and 2, it is evident that non-greening plots tend 

to be more variable than greening plots (Figure 13). The greening sites are more clustered than 

the non-greening sites. Moreover, non-greening sites contain more outliers than greening sites.  
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Figure 13: Multivariate analysis on percent cover for Axes 1 and 2 using Bray Curtis ordination. The closer in 
proximity the points are to one another, the more similar that they are. Greening sites are numbered 1-10 indicated 
by ‘G’, and non-greening sites are numbered 1-10 indicated by an ‘N’.  
 
 Upon the analysis of Axis 2 and 3 for the comparison of percent cover (Figure 14), it is 

also evident that greening sites tend to be more clustered together than non-greening sites. 

However, when looking at these axes, the outliers in the greening plots are more pronounced 

than in the first graph. Moreover, there are more greening outliers visible.   
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Figure 14: The results from a multivariate analysis on percent cover for Axes 2 and 3 using Bray Curtis ordination. 
The closer in proximity the points are to one another, the more similar that they are. Greening sites are numbered 1-
10 indicated by ‘G’, and non-greening sites are numbered 1-10 indicated by an ‘N’.  
 
 Using the Pearson and Kendall correlation analysis for the ordination axes, R-values were 

examined, which demonstrates the similarity of species composition in each of the twenty plots. 

The R-Values were considered significant if they were greater than or equal to 0.500, and less 

than or equal to -0.500, as indicated in Table 1. Upon the examination of these values, it was 

found that significant values for axis 1 include crowberry with an R-value of -0.711; cranberry, -

0.525; bog rosemary, 0.819; lichen, -0.555; and moss, 0.794. For axis 2, significant values 

include spruce, -0.539; ledum; 0.522; bearberry, -0.560; and grass/graminoids, 0.632. Significant 

values for axis 3 include ledum, 0.533; cranberry, -0.612; and litter, -0.684. 
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Table 1: The R-values pertaining to the Pearson and Kendall Correlation for Ordination Axes 1, 2 and 3 for percent 
cover. Values were considered significant if they were equal to or greater than 0.500 and equal to or less than -0.500 
and are identified in bold text.  
Species/Ground 
Cover 

Axis 1 R-Values Axis 2 R-Values Axis 3 R-Values 

Birch -0.227 0.497 -0.369 
Willow -0.005 0.041 0.378 
Spruce 0.039 -0.539 0.118 
Blueberry 0.305 0.401 0.119 
Crowberry -0.711 -0.307 -0.150 
Azalea -0.300 -0.465 -0.150 
Ledum 0.199 0.522 0.533 
Bearberry -0.447 -0.560 -0.020 
Cranberry -0.525 -0.208 -0.612 
Cloudberry 0.408 -0.347 0.135 
Bog Rosemary 0.819 0.458 -0.232 
Mountain Avens 0.083 -0.016 0.129 
Lapland Rosemary 0.083 -0.016 0.129 
Grass/Graminoids 0.882 0.632 -0.086 
Tofieldia 0.049 -0.038 0.016 
Equestrium 0.155 0.071 0.144 
Lichen -0.555 -0.478 0.419 
Moss 0.794 0.052 -0.340 
Fungi -0.273 -0.016 -0.433 
Soil 0.023 0.422 0.003 
Litter 0.372 0.243 -0.684 
Rock 0.263 -0.493 0.429 
Gravel -0.109 -0.111 -0.317 

 

Positive values indicate that the prevalence of these species increases along the 

corresponding axis, and negative values indicate that their prevalence decreases. Therefore, upon 

the comparison of significant R-values and the ordination axes it was found that non-greening 

plots have the tendency to contain more grass/graminoids, bog rosemary, and moss in terms of 

percent cover. Contrastingly, greening plots tend to contain more crowberry, cranberry, 

bearberry and spruce based on percent cover.   

 A multivariate analysis was also performed on bulk vegetation volume of dominant 

species at each plot, which compared the similarities of plots at greening and non-greening sites 

using Bray Curtis ordination. Upon the examination of Axis 1 and 2 of this comparison, Figure 
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15, it is evident that greening sites tend to be more clustered and non-greening sites tend to be 

more variable. Additionally, non-greening sites have more outliers than greening sites.  

 
Figure 15: The results from a multivariate analysis on bulk vegetation volume for Axes 1 and 2 using Bray Curtis 
ordination. The closer in proximity the points are to one another, the more similar that they are. Greening sites are 
numbered 1-10 indicated by ‘G’, and non-greening sites are numbered 1-10 indicated by an ‘N’.  
 
 

Through the examination of Axis 1 and 3, a similar trend is visible as non-greening sites 

show less similarity to one another than greening sites. Moreover, non-greening sites show more 

outliers than non-greening sites, but in the comparison of these axes, greening sites have more 

outliers than when comparing axes 1 and 2.  
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Figure 16: A graph showing the results from a multivariate analysis on bulk vegetation volume for Axes 1 and 2 
using Bray Curtis ordination. The closer in proximity the points are to one another, the more similar that they are. 
Greening sites are numbered 1-10 indicated by ‘G’, and non-greening sites are numbered 1-10 indicated by an ‘N’.  
 
 The same Pearson and Kendall correlation analysis was performed to determine the R-

values for the ordination axes 1, 2 and 3 for bulk vegetation volume (Table 2). When these 

numbers were examined, it was found that significant values for axis 1 include birch, -0.783; 

mountain avens, 0.500; and lapland rosemary, 0.500. Significant values for axis 2 include birch, 

0.689; blueberry, 0.628; ledum, 0.822; grass/graminoids, 0.725; and moss, 0.501. For axis 3, 

significant values include bearberry, -0.734; bog rosemary, 0.827; and grass/graminoids, 0.788.  
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Table 2: The R-values pertaining to the Pearson and Kendall Correlation for Ordination Axes 1, 2 and 3 for bulk 
vegetation volume. Values were considered significant if they were equal to or greater than 0.500, and equal to or 
less than -0.500 and are identified in bold text. 
Species/Ground 
Cover 

Axis 1 R-Values Axis 2 R-Values Axis 3 R-Values 

Birch -0.783 0.689 -0.163 
Willow -0.061 0.314 0.043 
Spruce 0.357 -0.283 -0.265 
Blueberry 0.228 0.628 0.335 
Crowberry -0.184 -0.417 -0.483 
Azalea 0.306 -0.241 -0.332 
Ledum -0.330 0.822 -0.068 
Bearberry 0.040 -0.276 -0.734 
Cranberry -0.171 0.060 0.271 
Cloudberry 0.314 0.078 -0.067 
Bog Rosemary 0.261 0.380 0.827 
Mountain Avens 0.500 -0.037 -0.174 
Lapland Rosemary 0.500 -0.037 -0.174 
Grass/Graminoids 0.212 0.725 0.788 
Tofieldia 0.331 -0.069 0.064 
Equestrium 0.203 0.397 -0.091 
Lichen 0.084 0.438 -0.351 
Moss 0.298 0.501 0.416 
Fungi -0.255 -0.125 -0.079 

 
Significant R-values were compared with the relative location of the plots on the 

ordination axes. It was found that non-greening plots have a tendency to contain more 

grass/graminoids, and bog rosemary. Greening plots, however, tend to contain more shrubs 

including bearberry, birch and ledum.  
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5.0 DISCUSSION 
 
5.1 COMPARISON OF VEGETATION CHARACTERISTICS IN GREENING AND NON-
GREENING PLOTS 
 

These results demonstrate that greening sites have a higher proportion of shrub cover, 

particularly in terms of tall shrubs including dwarf birch (Figures 10 and 12). The results from 

the multivariate analysis further corroborate these results (Table 2). This is consistent with trends 

that have been observed within the literature. Studies have attributed increased shrub growth in 

greening regions as a response to rising summer temperatures in the Arctic, as well as altered 

seasonality (Block et al., 2011). Historically, seasonality at treeline has been observed as a 

“temperature-limited ecosystem”, where there is a short growing season and long, harsh winters 

thereby rendering treeline dependant on minimum temperatures (Bunn & Goetz, 2006). 

Moreover, it has been found that Arctic shrub reproduction is highly temperature dependant and 

has a high vulnerability to climatic changes (Büntgen et al., 2015).  

As global temperatures continue to rise, with enhanced warming in Arctic regions, shrub 

density has been expanding rapidly, based on satellite imagery and what has been observed at 

ground-level. As treeline expands northward, the results are suggestive of large-scale future 

trends. As temperatures continue to rise, greening sites at treeline in the Northwest Territories are 

predicted to increase predominantly in shrub cover. With enhanced warming, indirect 

environmental changes are also expected to occur, including increased precipitation, greater 

nutrient availability (Parsons et al., 1994). There has also been evidence suggesting increased 

evaporation in the Arctic could result in drought conditions (Bunn & Goetz, 2006). These 

conditions could further alter future vegetation regimes in this region as temperatures increase, 

however there are still uncertainties as to how indirect factors will influence shrub growth at a 

local-scale (Fraser et al., 2014).  
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It was also seen in the results that non-greening sites are more variable and contain a 

greater number of outliers. Moreover, a higher proportion of rock cover was seen in non-

greening plots. This indicates that the species composition of non-greening sites is less 

distinctive than the composition of greening sites, which were shown to have a higher proportion 

of shrub cover. This could be suggestive that species in other vegetation functional groups, 

including grass/graminoids, non-vascular, and non-flowering vascular are not responding to 

temperature rises at the same rate as shrub species; particularly tall shrub species. Another point 

to consider is that non-greening plots, which contain more rock cover, may not be suitable 

habitats for vegetation establishment or growth. This could be a contributing factor to the lack of 

productivity observed in these plots.   

While no-change sites were seen to be more variable in terms of species composition, 

there was no significant difference in mean height or total height between species observed 

between greening and non-greening sites. This could be a function of limited sample size, and 

more definitive studies would need to be performed to determine whether this is the case 

throughout the Arctic. Within the non-greening sites examined, however, there were two plots 

specifically that showed significant outliers in terms of dwarf birch height. This also highlights 

the increased variability that was observed in no change sites. 

 
 
5.2 COMPARISON OF VEGETATION COMPOSITION IN GREENING AND NON-
GREENING PLOTS 

 
 Multivariate ordination analysis demonstrated that in terms of similarity, non-greening 

sites tended to be more inconsistent with one another than greening sites. Moreover, upon the 

analysis of the ordination axes, it was evident that non-greening sites tended to have more 

outliers, whereas greening sites were more clustered. This is also indicative of higher variance 

among species composition in non-greening sites than in sites which are increasing in 
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productivity. Additionally, this shows that there are certain species which are responding to 

warming at higher rates than others. 

 The Pearson and Kendall correlation analysis provided some insight into specific species 

that have a tendency to be more abundant in each plot type. The results indicate that greening 

sites tend to contain more shrub species including bearberry, cranberry, spruce, birch and 

crowberry based on both percent cover and volume. Contrastingly non-greening regions have a 

tendency to contain more grass/graminoids, as well as non-vascular species such as moss and 

lichen with some shrub cover. 

 These results are similar to what has been determined in other studies. Landscapes that 

are currently dominated by graminoid species are predicted to shift to an erect dwarf-shrub 

tundra and low-shrub tundra- dominated landscape (Pearson et al., 2013). It has also been 

predicted that woody shrubs and trees are likely to expand northwards as climate continues to 

warm within Arctic regions (Pearson et al., 2013).  

 The influences of shifting vegetation communities are likely to have strong impacts on 

surrounding ecosystems. Carbon sequestration, and important mechanism for biological and 

climatic processes, is likely to be altered as woody shrubs have much larger carbon sequestration 

potential than graminoid species (Post & Pedersen, 2008). Soil nutrient availability and dynamics 

are also likely to be altered. The colonization of shrubs would result in more biomass 

accumulation than in a predominantly-graminoid community (Post & Pederson, 2008). 

Consequently, this would influence the nitrogen and carbon storage capabilities of soil, as well as 

gas exchange (Post & Pederson, 2008). Climate modelling has also predicted that regional 

warming and associated decreased snow and ice albedo will continue to predominantly drive 

vegetation shifts and will even counteract local cooling impacts of increased canopy cover on 
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soil temperatures (Pearson et al., 2013). These vegetation shifts will likely proliferate other 

indirect effects such as altered carbon mobilization through permafrost thaw (Pearson, 2013).  

 Herbivory, however is likely to be altered by the shift of graminoid-dominated 

landscapes to shrub-dominated communities. Vertebrate herbivores may greatly influence 

vegetation community response to warming as they influence individual biomass, soil-nutrient 

cycling as well as species composition (Post & Pederson, 2008). Long-term studies have shown 

that woody plant expansion stemming from regional temperature increases may be reduced by 

large herbivores (Post & Pederson, 2008). Caribou and reindeer populations specifically have 

been noted to facilitate the expansion of graminoid species and have limited the expansion of 

deciduous shrub species (Post & Pederson, 2008) through grazing pressures.   

The comparison between the characteristics and composition of greening and non-

greening sites at treeline has shown distinct trends. Overall, the results conclude that greening 

sites have a higher proportion of shrub cover, whereas non-greening sites tend to be more 

variable. While these are not overwhelming differences, they are evident which supports work 

that has been done elsewhere. It is important to note that this study examines a relatively small 

sample size. Larger-scale studies that include an increased number of greening and non-greening 

plots are needed to conclusively determine the composition of greening and non-greening sites at 

treeline.  
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6.0 SUMMARY OF KEY POINTS 

1. Arctic warming has occurred at more than two times the rate of mean global temperature 

rise over the past century and a half (Post et al., 2009). This has resulted in large scale 

vegetation shifts; however, these shifts are not occurring uniformly across Arctic tundra 

landscapes.  

2. Using remote sensing techniques and Normalized Difference Vegetation Index (NDVI), 

many studies have documented increases in vegetation productivity, known as 

“greening”, as well as regions which have shown no change, known as “non-greening”, 

and a decrease in productivity, known as “browning”. Relatively few studies, however, 

have shown what these changes look like at ground-level. 

3. Using plant height and composition data that was collected based on the dominant 

species in each functional group from forty-four plots, each at ten greening and ten non-

greening sites in the Northwest Territories near treeline, statistical analysis and 

multivariate ordination were performed. 

4. Greening sites had a tendency to contain a higher proportion of shrubs, particularly in 

terms of tall shrubs. Dwarf birch was also more predominant in greening sites.  

5. Non-greening sites were more variable in terms of species characteristics and 

composition. Additionally, non-greening plots contained more outliers than greening 

plots. 

6. Non-greening plots tended to contain more grass/graminoids, rock cover, as well as non-

vascular species such as moss and lichen. 

7. Other studies have predicted that shifting vegetation communities are likely to have 

impacts on carbon sequestration, nutrient cycling and soil nutrient content (Post & 
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Pederson, 2008). Herbivory will also be a key driver of vegetation dynamics in Arctic 

ecosystems (Post & Pederson, 2008).  
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