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1. Background and Rationale 

Many agencies, organizations and researchers 
are monitoring vegetation across the Canadian 
Arctic and sub-Arctic. Responsibility for Arctic 
and sub-Arctic vegetation monitoring is 
scattered among various agencies, each with 
a specific purpose, mandate and scope of 
activity. Differences in what is monitored, 
methods and sampling design, and lack of a 
common data-sharing structure make it difficult 
to integrate data for broad scale assessment, 
or to use the data collected for one purpose 
to support another. Further, there is no clear 
source of guidance as to which of the several 
available monitoring protocols in use is most 
appropriate to address a particular monitoring 
question or for a particular context. As a 
result, monitoring results are difficult to 
combine into broad-scale synoptic initiatives, 
such as cumulative effects monitoring and 
other regional or national assessments. 

Given the high cost and operational challenges 
of conducting Arctic monitoring and the 
vastness of the area, harmonization and 
integration of collective efforts is necessary 
for broad-scale Arctic vegetation monitoring 
and assessment.   

2. Project Objectives 

The objective of this project is to develop  
an organizing and integrating framework  
for ongoing Arctic and sub-Arctic terrestrial 
vegetation monitoring efforts. This research 
aimed to engage key stakeholders to together: 

a) Identify a set of standardized terrestrial 
vegetation monitoring protocols to detect, 
assess and report on ecosystem change 
that are suitable for broad application 
across the Canadian Arctic and the Arctic/ 
sub-Arctic interface (treeline);  

b) Scope and recommend an approach for 
better accessing, sharing, integrating, 
analyzing and archiving vegetation data 
collected from various partners following 
standardized methodologies; and,  

 

c) Evaluate and recommend data analysis 
methods for site-based and landscape-
scale assessment of Arctic vegetation 
change. 

3. Project Methods 

A project team consisting of the project  
lead and representatives from the Canadian 
Forest Service, Aboriginal Affairs and Northern 
Development Canada, and Parks Canada 
was created to guide the project direction. 

A multi-stakeholder workshop was held in 
Yellowknife from October 26–28, 2011,  to 
discuss an Integrated Arctic and sub-Arctic 
vegetation monitoring framework. The 
objectives of the workshop were to:  

■ Share information on Arctic vegetation 
monitoring initiatives and methods; 

■ Identify common goals and monitoring 
questions;  

■ Identify appropriate monitoring  
attributes and parameters to address  
the monitoring questions; 

■ Identify key methodologies to track 
conditions and trends in the parameters; 

■ Provide recommendations as to the 
most appropriate and sustainable data-
management strategies to facilitate 
integration and assessment of Arctic and 
sub-Arctic vegetation data; 

■ Provide recommendations on opportunities 
to implement a landscape-scale Arctic and 
sub-Arctic vegetation monitoring program. 

A cross-section of experts, stakeholders, 
monitoring practitioners and data stewards 
involved in vegetation monitoring in northern 
Canada and Alaska participated in the 
workshop and subsequent review of workshop/ 
project outputs. Workshop participants were 
provided with a background document that 
described some current Arctic vegetation 
monitoring needs and activities, to develop a 
proposed integrated monitoring framework 
for reference and as the basis for discussion.  
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The identification of an Integrated Arctic/ 
Sub-Arctic Terrestrial Vegetation Monitoring 
Framework followed the path shown in 
Figure 1. The workshop participants identified 
vegetation monitoring questions of mutual 
interest, then used those monitoring questions 
to help identify appropriate vegetation 
characteristics to track (termed “attributes”) 
and the actual measures that would be 

measured in the field (termed “parameters”). 
The workshop participants then discussed 
the relative strengths and weaknesses of some 
of the key methods used for measuring the 
parameters. Finally, the workshop participants 
presented some of the current data portals and 
data-stewardship tools in place and discussed 
opportunities to improve the coordination of 
data management to serve the needs of users. 

 

 

Figure 1. Project process for developing an Integrated Arctic and Sub-Arctic Vegetation Monitoring Framework.

The workshop outcomes were circulated to 
participants and other interested stakeholders 
for their feedback and input. In addition, a 
preliminary inventory of Arctic vegetation 
monitoring was generated using existing 
inventories and metadata from the Polar Data 
Catalogue and other sources. The inventory 
was circulated to contributors and to workshop 
participants for enhancement and validation.  
Finally, a “key” that guides users toward the 

identification of the appropriate monitoring 
protocol within the Integrated Arctic and 
Sub-Arctic Terrestrial Vegetation Monitoring 
Framework was developed and circulated  
for review and feedback. 
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4. Project Results 

Integrated Arctic and Sub-Arctic 
Vegetation Monitoring Framework 
The proposed Integrated Arctic and Sub-Arctic 
Vegetation Monitoring Framework is a set  
of common monitoring questions and a 
recommended set of “key” and “enhanced” 
attributes and related parameters to address 
these questions (Tables 1–9). Monitoring 
following standardized methods of these 
attributes and parameters, along with 
enhanced data sharing and coordination, is 
recommended to improve the collective ability 
of monitoring agencies and individuals to 
detect and assess vegetation change and 
contribute toward answering the monitoring 
questions. The key attributes are those that 
are highly recommended to monitor, if they 
are relevant to the monitoring question and 
scale of inquiry. The intent of the framework 
is not to dictate users track all of the key 
attributes, but rather to guide users in 
identifying attributes and parameters 
recommended as highest priority by experts 
and stakeholders. For example, if you wish 
to monitor plant phenology (the timing of 
bloom events) at a local scale, we recommend 
you monitor first bloom and/or bloom stage 
at the time of visitation. Key attributes and 
parameters are those that most closely  
meet the selection criteria defined in the  
methods section. 

Enhanced attributes and parameters are 
metrics that complement the key attributes 
and could be implemented to enhance 
understanding of changes relative to the 
identified monitoring questions. These 
attributes and parameters may be more  
time-consuming or specialized to answer a 
particular question or otherwise do not as 
closely meet the selection criteria defined  
in the methods section. 

Arctic and Sub-Arctic Vegetation 
Monitoring Protocol Key 
This project has developed a key to direct 
users toward selecting the most appropriate 
monitoring protocol based on a number of 
characteristics by which an individual/agency 
would base the choice of method. The 
recommended protocols were based on  
the workshop evaluation of the relative 
merits of the various protocols.  

The characteristics included in the key are: 

■ Monitoring question, attribute  
and parameters monitored; 

■ Scale at which you wish to detect change; 

■ Capacity to monitor based on available 
resources (skill, time, funding); 

■ Vegetation type. 

The key guides users to the recommended 
protocols based on the choices provided 
within the proposed Integrated Arctic and 
Sub-Arctic Terrestrial Vegetation Monitoring 
Framework. The key is available on request 
to marlene.doyle@ec.gc.ca and will be 
posted on the NWT Discovery Portal 
http://nwtdiscoveryportal.enr.gov.nt.ca.  

Inventory and Map 
This project has generated a preliminary 
inventory of Arctic and sub-Arctic monitoring 
projects and plots. The inventory describes 
the attributes monitored and where, who is 
leading the monitoring program, how to access 
the data, and the type of vegetation monitored, 
among other characteristics. The inventory 
was used to generate maps of monitoring 
across Canada. A map of the identified 
projects is shown in Figure 2. 

The maps illustrate that vegetation community 
composition and abundance are the most 
frequently monitored attributes. Both the 
inventory and map will be posted in the NWT 
Discovery Portal http://nwtdiscoveryportal. 
enr.gov.nt.ca. 

 

mailto:marlene.doyle@ec.gc.ca
http://nwtdiscoveryportal.enr.gov.nt.ca/
http://nwtdiscoveryportal.enr.gov.nt.ca/
http://nwtdiscoveryportal.enr.gov.nt.ca/
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Figure 2. Map of terrestrial vegetation monitoring locations.

Assessment of Vegetation Community 
Composition Analysis Methods 
An overview analysis of various methods for 
assessing changes in vegetation community 
composition over time was conducted. Two 
key statistical methods were highlighted as 
useful: multivariate ordination methods and 
univariate techniques such as ANOVAs. A 
brief report describing each techniques and the 
strengths and limitations of each is available. 

Data Stewardship 
A number of recommendations to enhance 
the stewardship and coordination of Arctic 
and sub-Arctic vegetation monitoring  
data were proposed. Core to these 
recommendations are: 

■ Monitoring agencies create and maintain 
excellent metadata (data that describes 
data) records, which clearly describe  
the monitoring location, monitors and 
their expertise, methodology used, and 
mechanisms to access data, etc., following 
standardized metadata templates. 
Metadata keywords should include any 
rare or target species tracked. Metadata 
should always be associated with the 
dataset so that data can be appropriately 
interpreted. This metadata should be 
registered in an appropriate clearinghouse 
for this data so it can be discovered. The 
NWT Discovery Portal was recommended 

as a useful home for such metadata  
and associated data. Open data access 
is encouraged.  

■ Enhanced linkages be created among 
the various current data portals related 
to Arctic biological data to ensure that 
data housed in portals is discoverable 
through other avenues.  

A full list of data stewardship recommendations 
is provided in the workshop report and project 
report. These will be made available from  
the NWT Discovery Portal at 
http://nwtdiscoveryportal.enr.gov.nt.ca.  

5. Project Recommendations, 

Limitations and Suggestions 

for Future Research 

A champion to lead the delivery of the 
Integrated Arctic and Sub-Arctic Terrestrial 
Vegetation Monitoring Framework is needed 
in order to reap the benefits of the proposed 
approach. Aboriginal Affairs and Northern 
Development Canada’s Cumulative Impacts 
Monitoring Program is well suited to carry 
out this work in the N.W.T.  

While efforts were made to engage community 
members and Aboriginal representatives in 
the workshop, only three co-management 
boards, one non-governmental organization 
and no Aboriginal representatives attended. 
Deeper engagement of Aboriginal and 
community stakeholders would enhance the 
relevance and sustainability of the proposed 

http://nwtdiscoveryportal.enr.gov.nt.ca/
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monitoring. Future work to engage Aboriginal 
groups and communities in reviewing and 
contributing toward the Integrated Arctic and 
Sub-Arctic Vegetation Monitoring Framework 
is recommended. In addition, future research 
could address the required frequency of 

implementation for the methodologies 
recommended in the key.  Further, a 
collaborative initiative to identify optimal 
earth observation measures for tracking 
changes in Arctic vegetation would  
be valuable.

 

Table 1. Monitoring Question 1: How and where are vegetation community composition, relative 
dominance and structure changing? 

Scale Key Element 
Key 

Attributes 
Parameters 

Enhanced 
Attributes 

Parameters 

Local  
(plot or transect) 

Vegetation 
functional 
groups or layers  

Composition/ 
Abundance  

Percent cover 

Observed 
changes in 
dominance  
of functional 
groups or 
vegetation shifts 

n/a n/a 

All vegetation 
species 

Composition/ 
Abundance 

Diversity  

Locally observed 
new species 

Composition/ 
Abundance 

Percent cover 

Mean height 

Regionally 
relevant 
(dominant, 
special interest) 
species, e.g. 
Dwarf Shrub, 
Vaccinium 

Composition/ 
Abundance/ 
Demography 

Presence/ 
Absence  

Composition/ 
Abundance 

Percent cover 

Shrubs 
Composition/ 
Abundance 

Shrub cover n/a n/a 

Trees 
Composition/ 
Abundance 

Tree mapping, 
composition 
and biomass 

Composition/ 
Abundance  

Canopy cover 

Seedling 
mapping, 
composition 
and biomass 

Site/Regional 

Shrubs n/a n/a 
Composition/ 
Abundance/ 
Distribution 

Total number of 
shrub patches  

Patch size 

Trees n/a n/a 
Composition/ 
Abundance/ 
Distribution 

Extent of tree 
islands 
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Table 2. Monitoring Question 2: Where and how abundant are non-native plant species on  
the landscape? 

Scale Key Element 
Key 

Attributes 
Parameters 

Enhanced 
Attributes 

Parameters 

Local  
(plot or transect) 

Non-indigenous 
vegetation 
species,  
sub-species 
and variants 

Composition/ 
Abundance 

Presence/ 
Absence  

Percent cover 

Canopy cover, 
if applicable 

Observed 
changes of 
abundance  
and distribution 

Composition/ 
Abundance 

Target species 
measurements 

n/a n/a 

Reproductive 
effort 

Presence/ 
Absence of 
fruit/seeds 

Health Pathogen load 

Site level 
Introduction 
source or 
corridor 

Distribution 
Observer 
comments 

n/a n/a 

Table 3. Monitoring Question 3: What is the status of rare plant species and plant species that 
are at risk? 

Scale Key Element 
Key 

Attributes 
Parameters 

Enhanced 
Attributes 

Parameters 

Local  
(plot or transect) 

COSEWIC assessed 
vegetation species, 
SARA listed vegetation 
species and regionally/ 
territorially rare 
vegetation species 

Composition/ 
Abundance 

Presence/ 
Absence 

Abundance 

Composition/ 
Abundance 

Percent cover 

n/a n/a 

Reproductive 
effort 

Presence/ 
Absence of 
fruit/seeds 

Seed 
production 

Cone 
production 

Health Pathogens 

Site All vegetation species 

n/a n/a 
Threats  
or risks 

Dependent 
on local 
context 

n/a n/a 

Distribution/ 
Composition 
of community 
types 

Community 
types 
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Table 4. Monitoring Question 4: How and where is plant phenology changing? 

Scale Key Element 
Key 

Attributes 
Parameters 

Enhanced 
Attributes 

Parameters 

Local (plot) 

PlantWatch 
North target 
species or 
subset 

Important 
species (e.g. 
willow, dwarf 
birch) 

Phenology 

Bud break/ 
First bloom  
(if locally based) 

Phenological 
(bloom) stage 
at the time  
of visitation 

Phenology 

Detailed 
observations  
of blooming 
stage for 
individual 
species (e.g. 
mid-bloom; 
leaf out) 

Snow n/a n/a 
Snow 
phenology 

Snow on/off 

Local climate n/a n/a Temperature 

Ground 
temperature 
 
Thawing 
degree days 

Landscape  
or national 
(across 
Canadian 
Arctic) 

All vegetation Phenology 

Start of  
growing season 
(green up) 

Length of 
growing season 

Phenology 

Level of peak 
greenness 

End of growing 
season/ 
Senescence 
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Table 5. Monitoring Question 5: How and where is plant productivity changing? 

Scale Key Element 
Key 

Attributes 
Parameters 

Enhanced 
Attributes 

Parameters 

Local (plot) 

Vegetation 
functional 
groups 

Composition/ 
Abundance 

Percent cover  

Community 
observed 
changes of 
changes in 
dominance of 
functional 
groups  
(same as 1a) 

n/a n/a 

All vegetation 

Composition/ 
Abundance 

Mean height n/a n/a 

n/a n/a 
Annual 
productivity 

Above ground 
biomass/Leaf 
area index  

Root biomass 

Target species n/a n/a 
Reproductive 
effort 

Presence/ 
Absence of fruit/ 
seed set 

Density of flowers 
or fruit 

Seed production 
 
Cone production 

Trees n/a n/a 
Annual 
productivity 

Growth rings 
 
Shrub stem 
increments 

Vascular plants n/a n/a 
Tissue carbon 
and nutrient 
concentrations 

C/N Ratio  
of foliage 

Berry producing 
vegetation 

Productivity 

Berry 
abundance 

Berry weight 

Berry ripeness 

Productivity 
Phytochemical 
analysis 

Landscape 
or national 
(across 
Canadian 
Arctic) 

Angiosperms Productivity 

Leaf 
productivity  

Net primary 
productivity 

Productivity 

Biomass 
estimation 

NDVI or other 
indices 

Leaf Area Index 
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Table 6. Monitoring Question 6: How is Arctic land cover changing? 

Scale Key Element 
Key 

Attributes 
Parameters 

Enhanced 
Attributes 

Parameters 

Regional  
or national 
(across 
Canadian 
Arctic) 

Vegetation 
Land cover/ 
Composition 

Area and 
distribution of 
vegetation land 
cover types  

Diversity of 
land cover 
types and 
changes in 
composition 
and/or 
dominance  

Land cover 

Fractional land 
cover changes  

Vegetation 
associations 
 
Seasonal changes  

Coastal zones  n/a n/a Land cover 
Coastal erosion 

Storm surge extent 

Water bodies n/a n/a Water cover 
Annual variation 
in water on 
landscape 

Thermokarst n/a n/a 
Thermokarst 
cover 

Extent, distribution 

Trees and shrubs Composition 

Presence/ 
Absence 

Density, extent 
and distribution 

n/a n/a 

Table 7. Monitoring Question 7: How are important habitats changing? 

Scale Key Element 
Key 

Attributes 
Parameters 

Enhanced 
Attributes 

Parameters 

Site or regional 

Important 
vegetation 
habitat as 
determined by 
management 
requirements   

Habitat cover 

Presence/ 
Absence of 
important habitat 

Habitat extent   

Habitat quality  

n/a n/a 

Local 

Important 
vegetation 
habitat as 
determined by 
communities   

Habitat cover 

Observed 
changes of 
changes in 
habitat extent, 
quality and 
distribution 

n/a n/a 
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Table 8. Monitoring Question 8: How is plant health changing? 

Scale Key Element 
Key 

Attributes 
Parameters 

Enhanced 
Attributes 

Parameters 

Local (plot or 
transect) or site 

Target 
vegetation 
species or 
community 

Pathogen  
load (parasites, 
insects, disease) 

Presence/Absence 
of species with 
condition 

Percent of 
population with 
condition 

Community 
observed changes 
in plant health 

n/a n/a 

Table 9. Monitoring Question 9: How are ecosystem processes affecting changes in vegetation? 

Scale Key Element 
Key 

Attributes 
Parameters 

Enhanced 
Attributes 

Parameters 

Local, site All vegetation 
C cycle, N 
cycle, and 
nutrient cycle 

Litter and organic 
layer thickness 

n/a 
Vegetation  
C stock 



 

 

 


