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1. Introduction

This document describes the approach used to create a national register of land covers to support ecosystem
accounting in Canada. The main purpose of the dataset is to identify land cover and land use assets required for
ecosystem accounting under the System of Environmental Economic Accounting (SEEA) Ecosystem Accounting
framework.

This dataset, referred to as the land cover register (LCR), has a 30-metre spatial resolution and represents
information circa the year 2020.

While many land cover datasets are available in Canada, these data vary in terms of spatial coverage, spatial
resolution, periodicity, consistency, class definitions and accuracy. Through the Census of Environment (CoE)?
program, Statistics Canada aims to produce data on land cover, land use and ecosystems that follow the SEEA
Ecosystem Accounting framework and Central Framework (CF).® As such, the CoE has a unique purpose for land
cover maps—the production of environmental statistics in an accounting style. This requires accurate, up-to-date,
spatially explicit land cover data with national coverage.

The contributions of ecosystems to society are often taken for granted. Ecosystem accounting aims to make
these contributions more visible, by organizing data about ecosystems and linking it to information on economic
and other human activity (United Nations et al., 2021). This is done by using spatially explicit data to build
account tables related to ecosystem extent (the area covered by various ecosystem types), condition (the health
of ecosystems) and services (the benefits that society derives from ecosystems, in both physical and monetary
terms).

The ecosystem extent account serves as a basis for measuring ecosystems, including their condition and
services. While land cover and land use types are not equivalent to ecosystems, they are often used as a proxy in
the absence of national ecosystem maps.

The LCR was created to serve four main purposes within the CoE program:

1. to serve as an accurate, spatially explicit, pixel-based representation of land cover assets*

2. to support spatial analysis for measuring ecosystem condition, characteristics (such as proximity,
fragmentation and homogeneity) and services

3. to serve as a base for estimating land cover extent through design-based area estimation (see Textbox 1)

4. to serve as a base and input for building spatially explicit, object-based representations of ecosystem
assets and maps.

2. Classification system used for the land cover register

A statistical classification can be defined as “a set of discrete, exhaustive and mutually exclusive categories which
can be assigned to one or more variables” (Hancock, 2013). In land cover mapping, a classification refers to the
categories of land cover types to which an area can be assigned.

The classification system for the LCR was developed based on the recommended land cover classes in the SEEA
CF, which are themselves based on the Food and Agriculture Organization’s (FAO’s) Land Cover Classification
System.® Land cover classes included in the SEEA CF recommended classification that do not occur in Canada,
including multiple or layered crops and mangroves, were removed from the LCR classification.

Ecosystem Accounting
Census of Environment

SEEA-Central Framework

The purpose of asset accounts is “to record the opening and closing stock of environmental assets and the different types of changes in the stock over an accounting period” (United Nations
etal., 2014,p. 19).

5. Di Gregorio, A., & Jansen, L. J. M. (2000). Land Cover Classification System: Classification Concepts and User Manual.

Eal ol
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The LCR classification was further refined by taking into consideration the availability and quality of land cover
data with national coverage in Canada. For example, the two SEEA recommended classes of “grassland” and
“shrub-covered areas” were combined into one LCR class, “grassland and shrubland,” because of the difficulty in
accurately distinguishing grassland from shrubland with the current state of mapping based on Earth observation.
As mapping technologies improve, grassland and shrubland may eventually be divided into two separate classes.

The “treed area” class recommended by the SEEA CF was divided into two separate classes: “treed (non-
wetland)” and “treed wetland.” This distinction was made since the data were available and the two types of
treed areas are functionally different from an ecosystem perspective, requiring different condition measures
and providing different services. This classification approach gives users flexibility to consider treed wetlands
separately in their analysis.

A further deviation from the SEEA CF recommended land cover classification was the inclusion of “treed area
disturbance” as a separate class. From a land cover perspective, forest areas that have been harvested or
exposed to fires would be classified according to their current state of regrowth, which may lead to them being
classified as sparsely vegetated land or grassland and shrubland. From a land use perspective, following the FAO
definition of forest,® these areas would be considered as “unstocked forest.” However, since disturbed forests are
different in terms of their composition, function and the ecosystem services that they provide (Zhang and Wei,
2013), and because of the availability of high-quality national forest disturbance data produced by the Canadian
Forest Service (CFS), “treed area disturbance” was included as a unique class in the classification system.

Table 1 shows the 11 classes used in the LCR, along with a description of each class. The number of classes is
relatively small, because it is limited by the ability to map more classes with a reasonable degree of confidence,
given the current state of mapping technology. Since Canada is a very large and diverse country, each class
includes a broad range of ecological properties or characteristics.

Textbox 1 - Thematic map accuracy and estimating land cover extent from
mapping products

While satellite-based Earth observation (EO) data are crucial for acquiring national, timely and comparable
land cover datasets, particularly for a country as vast as Canada, they are not without limitations. Uncertainty
in EO-derived land cover data arises from a variety of factors, including limitations of available satellite imagery
(because of atmospheric interference, limited temporal resolution, inadequate spatial resolution of sensors to
measure features of interest, and spectral similarities between land cover types), and an insufficient number

of well-distributed ground truth sites for training and validation. These factors lead to classification errors and
limitations in land cover mapping and need to be carefully considered when evaluating the fitness for use of
the dataset.

The practice of calculating land cover areas or extent through pixel counting (i.e., summing the areas of pixels
of a land cover class in a dataset) does not account for classification errors and, therefore, often leads to
biased and inaccurate estimates (Olofsson et al., 2014). For these reasons, using pixel counting to generate
extent estimates for ecosystem accounts is discouraged in favour of design-based area estimation, which
mitigates bias and quantifies uncertainty (Venter et al., 2024).

In light of this recommendation, the Census of Environment has developed two complementary products

for use in ecosystem accounting: (1) the land cover register (LCR), which is a spatially explicit representation

of land covers based on EO data, and (2) tables of land cover area estimates at the ecoprovince and sub-
drainage area levels, generated through design-based area estimation (Table 38-10-0177 and 38-10-0178).
These two products are linked, because the underlying data used for the thematic map accuracy assessment
of the LCR were also used as an input for the design-based area estimation. The design-based approach uses
a land cover map (in this case, the LCR) to generate a stratified sample, along with a reference dataset that
was generated via manual interpretation of high-resolution EO imagery and used to calculate land cover areas.
The areas of the manually delineated reference data can also be used to calculate the thematic accuracy of
the LCR.

6. The FAO defines forest as “Land spanning more than 0.5 hectares with trees higher than 5 meters and a canopy cover of more than 10 percent, or trees able to reach these thresholds in situ.
It does not include land that is predominantly under agricultural or urban land use” (FAO, 2018).
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Table 1

Land cover register classification system

Class name Class description Class code

Built-up and artificial surface ~ Any area with a predominantly artificial surface, including roads and buildings. Vegetated areas associated with these 1
areas, such as parks (including treed urban parks), lawns and golf courses, are also included. This class also includes
industrial areas, resource extraction areas, infrastructure and cleared land that is not used for agriculture or forestry.

Cropland Land used for growing annual and perennial crops. This class includes pasture (other than natural grasslands used for 2
pasture) and herbaceous crops used for hay."

Inland water body Any area covered for most of the year by inland water bodies. In some cases, the water can be frozen for part of the year 3
(less than 10 months). Riverbeds that may only have water flow during the high-water season (particularly in mountainous
northern regions) are also included in this class.

Treed (non-wetland) Land covered by trees with a canopy cover over 10% and a minimum height of five metres. In northern and mountainous 4
regions, the tree height may be reduced to two to three metres.

Treed wetland Wetland covered by trees with a canopy cover over 10% and a minimum height of five metres. In northern and 5
mountainous regions, the tree height may be reduced to two to three metres.

Treed area disturbance Treed areas that have experienced forest harvest or forest fire between 1990 and 2020. 6

Grassland and shrubland Land dominated by natural herbaceous plants or shrubs with a cover of 20% or more. Trees can be present if their 7
cover is less than 10%. In the Prairie regions, unimproved pasture is included in this class.

Wetland (non-treed) Wetland with herbaceous or shrub vegetation that is at or above the surface of the water. 8

Sparsely vegetated land Areas dominated by natural abiotic surfaces (bare soil, sand, rocks, etc.) where natural vegetation cover (which generally 9
grows in clumps) is between 2% and 20%.

Barren land Areas dominated by natural abiotic surfaces (bare soil, sand, rocks, etc.) where the natural vegetation is absent or 10
almost absent (covering less than 2%).

Permanent snow and ice Areas persistently covered by snow or glaciers. 11

1. Pasture can be either improved (i.e., seeded or fertilized) or unimproved. Improved pasture is included in the cropland class for all regions. In the Prairie provinces, where grassland ecosystems
naturally occur, unimproved pasture is included in the grassland and shrubland class in the LCR, while outside the Prairies, it is included in the cropland class. In the Prairies, natural grassland is
the original land cover type for pastures, while outside this region, pastures were created by clearing the original land cover (which was most often treed). All pastures are classified as cropland
outside the Prairies because grasslands are not the original land cover type in these regions.

Source: Statistics Canada, Environment Accounts and Statistics Division.

3. Datasets used

Over recent decades, advances in the field of Earth observation and mapping, combined with those in computing
power and data storage, have enabled the production of medium-resolution land cover maps with coverage

of large areas. Various government bodies, including Natural Resources Canada’s (NRCan’s) Canada Centre

for Mapping and Earth Observation (CCMEOQ), the CFS, and Agriculture and Agri-Food Canada (AAFC), have
produced high-quality multi-class and class-specific land cover maps. Each of these maps was produced for a
certain purpose, using a classification system and spatial coverage to suit that need.

An assessment of available land cover maps revealed that no single map fully met the needs of ecosystem
accounting: accurate, nationally consistent, up to date, and with the required classes to estimate land cover and
(eventually) ecosystem assets. Therefore, Statistics Canada produced the LCR to take advantage of the best
available land cover products in Canada by integrating multiple spatial datasets.

The multi-class land cover datasets used as the base for this integration process were the 2020 Semi-decadal
Land Use Time Series produced by AAFC (AAFC, 2023), the 2020 Land Cover of Canada produced by NRCan’s
CCMEO (NRCan, Canada Centre for Remote Sensing, 2024) and the 2020 Land Cover version 2 produced by the
CFS (Hermosilla et al., 2016). The following acronyms are used for these datasets for the remainder of the paper:
AAFC SDLU (2020 Semi-decadal Land Use Time Series), CCMEO LCC (2020 Land Cover of Canada) and CFS
LCV2 (2020 Land Cover version 2).

The three multi-class land cover datasets vary in terms of their purpose and spatial coverage. The AAFC SDLU
covers all areas south of 60°N latitude, the CCMEO LCC covers all of Canada, and the CFS LCV2 covers the
forested ecosystems of Canada (see Figure 1). The AAFC SDLU was produced by combining many spatial
datasets developed through a range of methods and techniques, which were then integrated using high-quality
evidence and visual interpretation (AAFC, 2023). The CCMEO LCC and CFS LCV2 were both developed from the
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classification of Landsat image composites complemented by ancillary data to improve classification (for more
details, see Latifovic et al., 2017; Hermosilla et al., 2022).

The three main datasets were supplemented with other data products to take advantage of each of their strengths
on a region-by-region and class-by-class basis, while also preserving national comparability as much as possible.
All datasets that were used had national or large regional coverage. While more accurate regional data often exist
at the provincial and territorial level or below, these datasets were not considered in order to maintain as much
national comparability as possible. Table 2 lists all datasets used in the LCR and indicates whether they were
integrated in the register or used as ancillary data to support decision making.

Figure 1
Spatial coverage of the three primary datasets used to build the land cover register

Note: Spatial coverage of the Semi-decadal Land Use Time Series (left), Land Cover of Canada (centre) and Land Cover version 2 (right).
Sources: Agriculture and Agri-Food Canada (2021). Land Use Time Series. [Dataset]; Natural Resources Canada, Canada Centre for Remote Sensing (2024). 2020 Land Cover of Canada.
[Dataset]; Natural Resources Canada, Canadian Forest Service (2024). Land Cover version 2, 2020. [Dataset].

Table 2
Datasets used to develop the land cover register
Spatial
Dataset Mapped Data resolution Integrated

Dataset name acronym Data producer year format  or scale or ancillary  Link if publicly available
Semi-decadal Land Use AAFC SDLU  Agriculture and Agri-Food 2020 Raster 30m Integrated AAFC Land Use - Open Government
Time Series Canada Portal
Land Cover of Canada CCMEO LCC  Canada Centre for Remote 2020 Raster 30m Integrated 2020 Land Cover of Canada - Open

Sensing, Canada Centre Government Portal

for Mapping and Earth

Observation, Natural

Resources Canada (North

American Land Change

Monitoring System

collaboration)
National Terrestrial Ecosystem  CFS LCV2 Canadian Forest Service, 2019 Raster 30m Integrated National Terrestrial Ecosystem
Monitoring System for Canada, Natural Resources Canada Monitoring System for Canada
Land Cover version 2
Northern Anthropogenic NORDIS Environment and Climate 2020 Vector 1:60,000 Integrated
Disturbance Mapping Change Canada
Canada Landsat Burned Severity CanLaBS Canadian Forest Service, 1985t0  Raster 30m Integrated Canada Landsat Burned Severity
product 1985-2020' Natural Resources Canada 2020 product 1985-2015 (CanLaBS) -

Open Government Portal

National Terrestrial Ecosystem ... Canadian Forest Service, 1985t0  Raster 30m Integrated National Terrestrial Ecosystem
Monitoring System for Canada, Natural Resources Canada 2020 Monitoring System for Canada
Forest Harvest
National Terrestrial Ecosystem ... Canadian Forest Service, 198510  Raster 30m Integrated National Terrestrial Ecosystem
Monitoring System for Canada, Natural Resources Canada 2020 Monitoring System for Canada

Forest Fires
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Table 2
Datasets used to develop the land cover register
Spatial
Dataset Mapped Data resolution Integrated

Dataset name acronym Data producer year format  or scale or ancillary  Link if publicly available

Canadian Wetland Inventory Map CWIM3 Natural Resources Canada  2017to  Raster 10m Integrated The Third Generation of Pan-

version 3 2020 Canadian Wetland Map at 10 m
Resolution Using Multisource
Earth Observation Data on Cloud
Computing Platform | I[EEE Journals
& Magazine | IEEE Xplore

Spatialized CAnadian National SCANFI Canadian Forest Service, 2020 Raster 30m Ancillary SCANFI: the Spatialized CAnadian

Forest Inventory, version 1.1 Natural Resources Canada National Forest Inventory data
product - Open Government Portal

Prairie Ecozone Grasslands Environment and Climate 2020 Raster 30m Integrated

Change Canada
Annual Crop Inventory ACI Agriculture and Agri-Food 2019to  Raster 30m Integrated Annual Crop Inventory - Open
Canada 2023 Government Portal

CanVec Snow and Ice Natural Resources Canada Vector 1:50,000 Integrated Topographic Data of Canada -
CanVec Series - Open Government
Portal

CanVec Wetlands Natural Resources Canada Vector 1:50,000 Integrated Topographic Data of Canada -
CanVec Series - Open Government
Portal

Global Land Cover and Land Use  GLCLU University of Maryland 2019 Raster 30m Integrated Global land cover and land use
2019 | GLAD

Road Network File Statistics Canada 2021 Vector Integrated Road network files

National Road Network Natural Resources Canada 2014 Vector 1:50,000 Integrated National Road Network - NRN -
GeoBase Series - Open Government
Portal

National Railway Network Natural Resources Canada 2017 Vector 1:50,000 Integrated National Railway Network - NRWN -
GeoBase Series - Open Government
Portal

National Terrestrial Ecosystem Canadian Forest Service, 2019 Raster 30m Ancillary National Terrestrial Ecosystem

Monitoring System for Canada, Natural Resources Canada Monitoring System for Canada

FAO [Food and Agricultural

Organization of the United Nations]

Forest

National Terrestrial Ecosystem Canadian Forest Service, 2019 Raster 30m Ancillary National Terrestrial Ecosystem

Monitoring System for Canada, Natural Resources Canada Monitoring System for Canada

Forest Age 2019

Distribution of peatlands in Canadian Forest Service, 2011 Raster 250 m Ancillary Distribution of peatlands in Canada

Canada using National Forest Natural Resources Canada using National Forest Inventory

Inventory forest structure and forest structure and ancillary

ancillary land cover data land cover data (2011) - Open
Government Portal

Census of Agriculture Statistics Canada 2021 Vector Census Ancillary Census of Agriculture: Data Linked

division to Geographic Boundaries - Open

Government Portal

CanVec Waterbodies Natural Resources Canada Vector 1:50,000 Ancillary Lakes, Rivers and Glaciers
in Canada - CanVec Series -
Hydrographic Features - Open
Government Portal

CanVec Resources Management Natural Resources Canada Vector 1:50,000 Ancillary Mines, Energy and Communication

Features

Networks in Canada - CanVec
Series - Resources Management
Features - Open Government Portal
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https://ieeexplore.ieee.org/document/9523558
https://ieeexplore.ieee.org/document/9523558
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https://open.canada.ca/data/en/dataset/8ba2aa2a-7bb9-4448-b4d7-f164409fe056
https://open.canada.ca/data/en/dataset/8ba2aa2a-7bb9-4448-b4d7-f164409fe056
https://open.canada.ca/data/en/dataset/8ba2aa2a-7bb9-4448-b4d7-f164409fe056
https://open.canada.ca/data/en/dataset/8ba2aa2a-7bb9-4448-b4d7-f164409fe056
https://glad.umd.edu/dataset/global-land-cover-land-use-v1
https://glad.umd.edu/dataset/global-land-cover-land-use-v1
https://www12.statcan.gc.ca/census-recensement/2011/geo/rnf-frr/index-eng.cfm
https://open.canada.ca/data/en/dataset/3d282116-e556-400c-9306-ca1a3cada77f
https://open.canada.ca/data/en/dataset/3d282116-e556-400c-9306-ca1a3cada77f
https://open.canada.ca/data/en/dataset/3d282116-e556-400c-9306-ca1a3cada77f
https://open.canada.ca/data/en/dataset/ac26807e-a1e8-49fa-87bf-451175a859b8
https://open.canada.ca/data/en/dataset/ac26807e-a1e8-49fa-87bf-451175a859b8
https://open.canada.ca/data/en/dataset/ac26807e-a1e8-49fa-87bf-451175a859b8
https://opendata.nfis.org/mapserver/nfis-change_eng.html
https://opendata.nfis.org/mapserver/nfis-change_eng.html
https://opendata.nfis.org/mapserver/nfis-change_eng.html
https://opendata.nfis.org/mapserver/nfis-change_eng.html
https://open.canada.ca/data/en/dataset/62d63169-7739-4515-9178-8f628c32a9d4
https://open.canada.ca/data/en/dataset/62d63169-7739-4515-9178-8f628c32a9d4
https://open.canada.ca/data/en/dataset/62d63169-7739-4515-9178-8f628c32a9d4
https://open.canada.ca/data/en/dataset/62d63169-7739-4515-9178-8f628c32a9d4
https://open.canada.ca/data/en/dataset/62d63169-7739-4515-9178-8f628c32a9d4
https://open.canada.ca/data/en/dataset/b944bd53-49e5-4a80-83e5-1048d3abf38d
https://open.canada.ca/data/en/dataset/b944bd53-49e5-4a80-83e5-1048d3abf38d
https://open.canada.ca/data/en/dataset/b944bd53-49e5-4a80-83e5-1048d3abf38d
https://open.canada.ca/data/en/dataset/9d96e8c9-22fe-4ad2-b5e8-94a6991b744b
https://open.canada.ca/data/en/dataset/9d96e8c9-22fe-4ad2-b5e8-94a6991b744b
https://open.canada.ca/data/en/dataset/9d96e8c9-22fe-4ad2-b5e8-94a6991b744b
https://open.canada.ca/data/en/dataset/9d96e8c9-22fe-4ad2-b5e8-94a6991b744b
https://open.canada.ca/data/en/dataset/92dbea79-f644-4a62-b25e-8eb993ca0264
https://open.canada.ca/data/en/dataset/92dbea79-f644-4a62-b25e-8eb993ca0264
https://open.canada.ca/data/en/dataset/92dbea79-f644-4a62-b25e-8eb993ca0264
https://open.canada.ca/data/en/dataset/92dbea79-f644-4a62-b25e-8eb993ca0264
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Table 2
Datasets used to develop the land cover register
Spatial
Mapped Data resolution Integrated

Dataset name Data producer year format  or scale or ancillary  Link if publicly available
Dynamic Surface Water Maps of Canada Centre for Remote 1984 to  Raster 30m Ancillary Dynamic Surface Water Maps
Canada Sensing, Canada Centre 2019 of Canada from 1984-2023

for Mapping and Earth Landsat Satellite Imagery - Open

Observation, Natural Government Portal

Resources Canada
World Imagery Esri Varies Raster Varies Ancillary
Imagery Google Earth Pro Varies Raster Varies Ancillary
Sentinel-2 and Landsat False Esri web services 198910  Raster 10to 30 m  Ancillary
Colour Image Composites 2024
Normalized Difference Vegetation ... NASA and European Spatial 1989to  Raster 10to 30 m  Ancillary
Index time series from moderate Agency 2024
resolution satellite imagery
Circumpolar Arctic Region Tree Circumpolar Arctic Vegetation 2003 Vector 1:4,000,000 Ancillary Circumpolar Arctic Vegetation,
Line Map Project Geobotanical, Physiographic

Maps, 1982-2003, https://doi.
0rg/10.3334/0RNLDAAC/1323
2021 Census - Boundary files Statistics Canada 2021 Vector Varies Ancillary 2021 Census Boundary files
(provinces and territories) depending on
source data

Canada / United States of International Boundary 2018 Vector Not indicated Ancillary Digital boundary | International
America Boundary Commission Boundary Commission

... not applicable

1. A more recent dataset than that currently published online was provided by the Canadian Forest Service, extending to 2020.
Source: Statistics Canada, Environment Accounts and Statistics Division.
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https://open.canada.ca/data/en/dataset/62de5952-a5eb-4859-b086-22a8ba8024b8
https://open.canada.ca/data/en/dataset/62de5952-a5eb-4859-b086-22a8ba8024b8
https://open.canada.ca/data/en/dataset/62de5952-a5eb-4859-b086-22a8ba8024b8
https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1323
https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1323
https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1323
https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1323
https://www12.statcan.gc.ca/census-recensement/2021/geo/sip-pis/boundary-limites/index2021-eng.cfm?year=21
https://www.internationalboundarycommission.org/en/maps-coordinates/coordinates.php
https://www.internationalboundarycommission.org/en/maps-coordinates/coordinates.php
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4. Methodology

41 Software and data preparation

Software used to visualize, analyze, edit, confront and integrate data for the LCR included ArcGIS Pro 3.1.2,
PCI Geomatica 2017, the Copernicus Browser web application,” Google Earth Pro and Google Earth Engine.
All datasets were projected to a common projection and aligned to a common grid prior to data integration
(see section 5 for details).

The three primary datasets (i.e., the AAFC SDLU, CCMEOQO LCC and CFS LCV2) were reclassified to achieve
coherence with the LCR classification (Table 1). The concordance tables used to cross-reference each dataset
with the LCR classification are Table 3 through Table 5.

7. Copernicus Browser
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Table 3

Goncordance table between the land cover register classification system and Agriculture and Agri-Food Canada’s Semi-
decadal Land Use Time Series classification system

Land cover register Land cover register

Corresponding class name from Agriculture and Agri-

Corresponding class code from Agriculture and Agri-

class name class code Food Canada’s Semi-decadal Land Use Time Series Food Canada’s Semi-decadal Land Use Time Series
Built-up and 1 Settlement 21
artiicial surface Settlement forest 24
Vegetated settlement 28
High reflectance settlement 22
Very high reflectance settlement 29
Roads 25
Newly detected settlement <10 years 81
Newly detected settlement forest 84
Newly detected vegetated settlement 88
Newly detected high reflectance settlement 82
Newly detected very high reflectance settlement 89
Cropland 2 Cropland 51
Annual cropland 52
Land converted to cropland 55
Land converted to annual cropland 56
Inland water body 3 Water 31
Treed (non-wetland) 4 Forest 4
Treed wetland 5 Forest wetland 42
Treed area disturbance 6 Forest regenerating after harvest <20 years 43
Forest wetland regenerating after harvest <20 years 44
Forest regenerating after fire <20 years 49
Forest regenerating after harvest 20-29 years 47
Forest wetland regenerating after harvest 20-29 years 48
Grassland and 7 Grassland managed 61
shrubland Grassland unmanaged 62
Wetland (non-treed) 8 Wetland 71
Sparsely vegetated land 9
Barren land 10 Other land 91
Permanent snow and ice 11 Snow and ice 92

... not applicable

Source: Statistics Canada, Environment Accounts and Statistics Division.
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Table 4
Goncordance table between the land cover register classification system and the Canada Centre for Mapping and Earth
Observation’s Land Cover of Canada classification system

Land cover register  Land cover register Corresponding class name from the Canada Centre for  Corresponding class code from the Canada Centre for

class name class code Mapping and Earth Observation’s Land Cover of Canada Mapping and Earth Observation’s Land Cover of Canada

Built-up and 1 Urban and built-up 17

artificial surface

Cropland 2 Cropland 15

Inland water body 3 Water 18

Treed (non-wetland) 4 Temperate or sub-polar needleleaf forest 1
Sub-polar taiga needleleaf forest 2
Temperate or sub-polar broadleaf deciduous forest 5
Mixed forest 6

Treed wetland 5

Treed area 6

disturbance

Grassland and 7 Temperate or sub-polar shrubland 8

shrubland
Temperate or sub-polar grassland 10
Sub-polar or polar shrubland-lichen-moss 11
Sub-polar or polar grassland-lichen-moss 12

Wetland (non-treed) 8 Wetland 14

Sparsely vegetated 9 Sub-polar or polar barren-lichen-moss 13

land

Barren land 10 Barren lands 16

Permanent snow 11 Snow and ice 19

and ice

... not applicable

Source: Statistics Canada, Environment Accounts and Statistics Division.
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Table 5
CGoncordance table between the land cover register classification system and the Canadian Forest Service’s National
Terrestrial Ecosystem Monitoring System for Canada, Land Cover version 2 classification system

Land cover register Land cover register Corresponding class name from the Canadian Forest Corresponding class code from the Canadian Forest

class name class code Service’s Land Cover version 2 Service’s Land Cover version 2

Built-up and 1

artificial surface

Cropland 2

Inland water body 3 Water 20

Treed (non-wetland) 4 Coniferous 210
Broadleaf 220
Mixedwood 230

Treed wetland 5 Wetland treed 81

Treed area disturbance 6

Grassland and shrubland 7 Bryoids 40
Shrubs 50
Herbs 100

Wetland (non-treed) 8 Wetland 80

Sparsely vegetated land 9

Barren land 10 Rock and rubble 32
Exposed barren land 33

Permanent snow and ice 11 Snow and ice 31

... not applicable
Source: Statistics Canada, Environment Accounts and Statistics Division.

4.2 Evaluation of datasets

Each dataset assessed for use in the LCR was evaluated based on several considerations, including coherence
with the LCR classification system and comparisons with other spatial data layers and high-resolution imagery.
The tools used to evaluate land cover data included high-resolution true-colour imagery from World Imagery (Esri)
and Google Earth Pro, false colour composites and Normalized Difference Vegetation Index (NDVI) imagery from
Sentinel-2 and Landsat, and vector data sources (including topographic, hydrographic and transportation data).
By confronting multiple sources of data against each other, it was possible to determine the optimal source of land
cover data based on randomly selected sites where land cover features were manually delineated using high-
resolution imagery and on a tile-by-tile basis, as described below.

4.2.1 Determination of base data source

The AAFC SDLU was chosen as the most suitable dataset to use as a base for the LCR because of the alignment
of its class definitions with those targeted for the LCR classification system (Table 1) and because of its overall
quality. The results of a thematic accuracy assessment based on the interpretation of high-resolution Earth
observation imagery of a collection of randomly selected locations indicated that the AAFC SDLU had higher
accuracy than the CCMEO LCC (84% agreement for the AAFC SDLU compared with 74% for the CCMEO LCC).2
This supported the decision.

Since the AAFC SDLU does not have coverage north of 60°N latitude, a different base data source was needed
for northern Canada. The CCMEQO LCC and CFS LCV2 were considered for this purpose. Given the lower
apparent accuracy in the territories, a 250 kilometre by 250 kilometre grid was created, and visual inspection

8. The CFS LCV2 was not considered as a potential source of base data because of its poorer alignment with the LCR classification (particularly for anthropogenic land covers) and spatial gaps
in coverage.
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was conducted on a tile-by-tile basis using high-resolution imagery interpretation to determine the most accurate
source of base data for each tile (either CCMEO LCC or CFS LCV2). The two main sources of high-resolution
imagery used for visual interpretation were the World Imagery base maps available through Esri ArcGIS Pro

and imagery from Google Earth Pro. This information was supplemented with Sentinel-2 false colour composites
and NDVI available as a web service within ArcGIS Pro and through an in-house Google Earth Engine application.
The NDVI time series was useful for differentiating between the barren land, sparsely vegetated land, and
grassland and shrubland classes.

In the territories, where both the CCMEO LCC and CFS LCV2 datasets have coverage, thematic accuracy
assessment based on random sampling indicated that the CFS LCV2 dataset (70% agreement) performed slightly
better than the CCMEO LCC (64% agreement). In the Arctic ecozones, where only the CCMEO LCC dataset has
coverage, the agreement with manually delineated sampling units was 66%.

North of 60°N latitude, lower accuracy results (66% to 70%, compared with 84% south of 60°N latitude) indicated
that additional care was needed to improve the accuracy of the LCR and make it more comparable with the
accuracy in the southern portion of the country.

Figure 2 shows the base data source used for each grid tile.

Figure 2
Source of base data for each region

1 | 1 1 | 1]
Source of base data

I Agriculture and Agri-Food
Canada's Semi-decadal
Land Use Time Series

- Canada Centre for Mapping | |
and Earth Observation's
Land Cover of Canada

D Canadian Forest Service's
Land Cover version 2

H 0 250 500 1,000 km
TR T T Y |
I I I I I I |

Notes: Each square is 250 kilometres by 250 kilometres. Green indicates areas where Agriculture and Agri-Food Canada’s Semi-decadal Land Use Time Series (AAFC SDLU) was used as the
base data, orange indicates where the Canada Centre for Mapping and Earth Observation’s Land Cover of Canada was used, and lilac indicates where the Canadian Forest Service’s Land Cover
version 2 was used. In cases where 60°N latitude (indicated by a red line in the map) bisects a grid tile, the AAFC SDLU was used south of 60°N latitude, while the other datasets were used north
of 60°N latitude.

Source: Statistics Canada, Environment Accounts and Statistics Division.
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4.3 Data integration

4.3.1 Harmonization of primary datasets

After determining the base data source for each grid tile, the three reclassified datasets were mosaicked together
according to their coverage areas. Where a particular class did not exist in the base layer, that class was created
using supplementary data as described in the following paragraphs.

4.3.1.1 Semi-decadal Land Use Time Series coverage area

Since the AAFC SDLU did not include a sparsely vegetated land class, the sparsely vegetated land pixels from the
CCMEO LCC were burned into this coverage area.

4.3.1.2 Land Cover version 2 coverage area

The CFS LCV2 did not include equivalents of the following classes: built-up and artificial surface, cropland, treed
area disturbance, or sparsely vegetated land. Sparsely vegetated land pixels from the CCMEO LCC were burned
into this coverage area.

The cropland class was created in this region using Environment and Climate Change Canada’s (ECCC'’s) 2020
Northern Anthropogenic Disturbance (NORDIS) dataset (ECCC, 2020). This dataset maps linear and polygonal
anthropogenic disturbances in the northern regions of Canada based on manual detection and digitizing of
features identified using 30-metre resolution Landsat satellite imagery. Agriculture polygons from NORDIS were
used to identify areas of cropland. Since these polygons were somewhat generalized, only LCR pixels within these
features that were classified as one of the following classes at the time of integration were converted to cropland:
grassland and shrubland, wetland (non-treed), sparsely vegetated land, or barren land.

The processes for creating the built-up and artificial surface and treed area disturbance classes in this coverage
area are described in section 4.4.1.

4.3.1.3 Land Cover of Canada coverage area

The CCMEQ LCC did not include equivalent classes for treed wetland or treed area disturbance. The process for
creating these classes is described in section 4.4.1.

After integrating the three primary datasets (the AAFC SDLU, CCMEO LCC and CFS LCV2), visual analysis of the
transition zones between coverage areas revealed spatial inconsistencies between classes, often indicative of
limitations in the source data. These inconsistencies prompted some of the additional improvements made to
the LCR that are described in section 4.4.

4.4 Additional improvements to the land cover register

A series of steps were taken to improve the accuracy of the LCR. These steps generally fell into two categories:
integrating additional data sources for certain classes and correcting systematic or broad misclassifications in the
base layers. Most of these improvements occurred in northern areas, where the accuracy of Earth observation-
based maps is generally lower because of issues such as unevenly distributed or lower-quality training sites;
limited or suboptimal imagery caused by cloud cover; and, in some regions, the presence of shadows caused

by mountainous terrain.

441 Integrating secondary data sources

4.4.1.1 Wetlands in the territories

In northern areas, a comparison of the base layers against high resolution satellite imagery, other data sources
and published literature indicated that wetlands were underestimated. To improve the representation of wetlands
in the territories, several wetland datasets were compared using a similar approach to that used to determine the
base data source. At first glance, the amount and spatial distribution of open wetlands from different sources were
quite varied, prompting further investigation. The wetland datasets considered included the Canadian Wetland
Inventory Map version 3 (Mahdianpari et al., 2021); Global Land Cover and Land Use (Hansen et al., 2022); CanVec
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Wetlands (NRCan, 2023); National Terrestrial Ecosystem Monitoring System for Canada, Land Cover version 2
(Hermosilla et al., 2016); and the Land Cover of Canada (NRCan, Canada Centre for Remote Sensing, 2024).°

For each 250-kilometre grid tile, the most accurate source of wetland data was determined based on visual
interpretation of a number of randomly chosen sampling sites using true colour high-resolution imagery and
Sentinel-2 false colour composites, as well as supporting vector data sources that included hydrographic and
topographic data. In some grid squares, the best option was to combine multiple wetland datasets. Figure 3
shows the source of wetland data used for each 250-kilometre tile in the north.

Figure 3
Source of wetland data for each 250 kilometre by 250 kilometre tile

Source data used
for wetlands
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Notes: See Table 2 for descriptions of acronyms. For some grid tiles, multiple wetland sources were combined.
Source: Statistics Canada, Environment Accounts and Statistics Division.

9. Additional wetland data sources were evaluated but not used because of limitations such as limited spatial coverage or a lower degree of accuracy compared with other sources.
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4.4.1.2 Built-up and artificial surfaces
4.41.2.1 Northern Canada

For the built-up and artificial surface class in northern Canada (including the territories, Labrador and northeastern
Quebec), additional data sources were used to supplement the base data layers. These included NORDIS, the
2021 Road Network File (Statistics Canada, 2022), the National Road Network file (NRCan, 2024) and the National
Railway Network file (NRCan, 2021).

Where these features were not already present in the base layers, railways from the National Railway Network file
and roads from the 2021 Road Network File and the National Road Network file were added to the built-up and
artificial surface class.

In addition, features from the following classes were integrated from NORDIS: settlement, airstrip, cleared land,
mine, oil/gas, roads, powerlines and dams. In some cases, features from this dataset were corrected for positional
accuracy using high-resolution imagery prior to integration.

Finally, in regions where the CFS LCV2 was used as the source of the base data, the built-up class from the
CCMEO LCC was also burned into the LCR.

4.4.1.2.2 All of Canada

Peat extraction sites were identified using the Annual Crop Inventory (ACI) 2019 and 2023 (AAFC, 2024) and
integrated into the built-up class. Resource extraction sites, which were inconsistently mapped as built-up

and artificial surfaces in the LCR, were identified using the CanVec Resources Management Features (NRCan,
2023). These were corrected for positional accuracy using high-resolution imagery and then integrated into the
built-up class.

4.4.1.3 Cropland

Orchards and other fruit-growing parcels were not always classified as cropland in the preliminary LCR dataset.
To rectify this, the 2021 Census of Agriculture (Statistics Canada, 2023) was used to identify areas with the highest
density of fruit-growing parcels. The ACI was used to identify fruit parcels (such as orchards, blueberries and
cranberries) within these regions, and these were then integrated into the cropland class of the LCR.

4.4.1.4 Grassland and shrubland in the Prairie ecozone

Confrontation of multiple data sources revealed frequent misclassification of grassland as cropland in the Eastern
Boreal Plains and Eastern Prairie ecoprovinces. To improve this, pixels classified as grassland in ECCC’s Prairie
Ecozone Grasslands dataset (Pouliot et al., 2021) and also in the ACI (AAFC, 2024) in either 2020 or 2021 were
reclassified as grassland and shrubland in the LCR.

4.4.1.5 Treed area disturbance
4.4.1.5.1 Northern Canada

The treed area disturbance class was created in the territories using the CFS’s Canada Landsat Burned Severity
product 1985-2020 (CanLaBS) data (Guindon et al., 2020) for fire disturbance and ECCC’s NORDIS data (ECCC,
2020) for harvest disturbance, as described in the following paragraphs.

The CanLaBS data product contains variables related to fire burn severity for all fire events in Canada between
1985 and 2020." Pixels with a fire severity (based on delta normalized burn ratio [dNBR]) of at least 100 and that
occurred during or after the year 1990 were included in the treed area disturbance class if those locations were
identified as forest according to the CFS’s FAO Forest layer (Wulder et al., 2020). Since the CFS FAO Forest layer
classifies both existing forest and trees that have been removed by disturbance as forest, this helped to ensure
only areas treed before the disturbance were included in the treed area disturbance class.

Polygon features classified as either harvest or cutblocks in NORDIS were integrated into the LCR to build the
harvest portion of the treed area disturbance class in the territories.

10. This class is not mapped consistently in the ACI from year to year. Analysis revealed peat extraction areas were mapped most accurately in the ACI 2019 and 2023.
11. A more up-to-date version of the CanLaBS dataset extending to 2020 was provided by the CFS.
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4.4.1.5.2 Southern Canada

South of 60°N latitude, the treed area disturbance class originated from the AAFC SDLU. However, disturbances
that occurred in the years just before 2020 were not always captured in this layer. Using CanLaBS and the CFS’s
Forest Harvest layer (Hermosilla et al., 2016) for fires and harvest, respectively, areas south of 60°N latitude were
updated with more recent disturbance data. Areas were classified as disturbed only if they were forest according
to the FAO Forest layer and, in the case of fire, if they had a dNBR value of at least 100.

4.4.1.6 Treed wetlands

Inconsistencies in the treed wetland class were evident in several locations in the LCR in the Taiga Plains and
Boreal Shield ecozones, where sharp geometric boundaries between the treed (non-wetland) and treed wetland
classes were evident. Confronting the LCR against other data sources, including a 250-metre resolution peatland
map produced by NRCan (2011), indicated that the treed wetland class was likely underestimated in these areas.
Since a national 30-metre resolution data source for treed wetlands could not be identified, treed wetlands were
estimated using the procedure below.

The presence of black spruce (Picea mariana) and tamarack (Larix laricina), as well as low forest stand height and
stand age greater than 75 years, have been found to be strong predictors of the presence of peatlands (Thompson
et al., 2016). Using 30-metre resolution data from the Spatialized CAnadian National Forest Inventory data product
(SCANFI; Guindon et al., 2023) for tree species cover and vegetation height, combined with forest age data from
the CFS (Maltman et al., 2023), treed wetland presence was estimated using thresholds based on the findings of
Thompson et al. (2016). Any pixel that met the following criteria was considered as treed wetland:

1. within the areas indicated as treed or forested peatland in the NRCan 250-metre peatland map
2. more than 50% black spruce cover or more than 20% tamarack cover

3. not more than 40% pine cover (jack pine and lodgepole pine combined)™

4. age greater than 50 years™

5. height less than 15 metres.

The resulting pixels were integrated into the LCR as treed wetland in the territories and the following ecoprovinces:
Hay-Slave Lowlands, Western Boreal Shield and Mid-Boreal Shield. Only pixels that were classified as treed (non-
wetland) in the LCR at the time of integration were reclassified as treed wetland.

4.4.2 Correcting systematic misclassifications and inconsistencies

Several steps were implemented to improve large-scale patterns of inconsistencies or misclassifications on a
class-by-class and region-by-region basis. These misclassifications were identified by confronting multiple data
sources, including high-resolution imagery, against each other. After identifying areas for improvement, alternate
data sources were evaluated to determine a more suitable data source, a coverage area for the improvement was
delineated, and decision rules were created for integrating the data into the LCR (for example, only replacing pixels
of certain classes). The steps were executed in a sequence to preserve precedence. Not all data integration steps
are included in this document; only those with the largest impact on the final product are described in the following
paragraphs.

Scattered pixels of certain land cover classes in improbable locations were identified, such as cropland in the far
north, scattered built-up areas in inaccessible rocky regions in northern Quebec and Labrador, and treed pixels
located above the known tree line (based on the Circumpolar Arctic Region Tree Line [Walker & Raynolds, 2018]).
These were corrected after verifying from photo interpretation of high-resolution imagery that they had been
misclassified. These pixels were reclassified using either a nearest neighbour operation or the most probable land
cover type for the area, determined based on visual analysis of high-resolution imagery. In the north, segments

of winter roads occurring over water had been classified as built-up in the source data; these were reclassified as
water in the LCR.

12. This criterion was adapted following the methodology for the development of NRCan’s 250-metre peatland map.
13. While the Thompson et al. (2016) paper found that stand age greater than 75 years was a strong predictor of peatland presence, this criterion was expanded in the model to stands over 50
years, since forest age is recognized as one of the most challenging forest attributes to estimate and map with remotely sensed data (Maltman et al., 2023).
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On steep slopes facing north and east in the mountainous terrain of the territories, areas frequently or permanently
in shadow were often misclassified as water. To correct for this misclassification, the affected regions were
delineated and, within these areas, only pixels intersecting water from the CanVec Waterbodies dataset were
retained as water. Other water pixels were reclassified using a nearest neighbour operation.

The CanVec Waterbodies dataset was also used to improve the representation of watercourses in the LCR.
Medium-sized watercourses were often inconsistently classified in the source datasets. They may have been
classified as water, but also as wetland, grassland and shrubland, or barren land. To improve consistency, all
watercourses (class 91) from CanVec Waterbodies were burned into the LCR for the entirety of the country.

Visual assessment of the boundaries between the different base datasets revealed sharp transitions from

treed to non-treed areas. Confrontation of several datasets and high-resolution imagery indicated frequent
misclassification of non-treed areas as treed areas in these cases. To mitigate this, pixels classified as treed in
the LCR that did not have at least 10% canopy cover according to SCANFI and that were not classified as treed
in either the CCMEO LCC or the CFS LCV2 were reclassified using the CCMEO LCC.

To improve the permanent snow and ice class, CanVec’s Snow and Ice dataset was integrated in certain

locations where the quality was determined to be better than the base data. Where permanent snow and ice were
overestimated in the source data (as determined by comparisons with CanVec Snow and Ice and high-resolution
imagery), these pixels were reclassified either as barren land or by using the value of a different land cover dataset,
depending on the location.

In some areas where the CFS LCV2 was used as the base data, a comparison of NDVI values from July and
August 2020 (when the maximum value is reached for the year) indicated that pixels classified as barren land had
values that were more closely aligned with the sparsely vegetated land class elsewhere in the LCR. These pixels
were reclassified as sparsely vegetated land.

4.4.3 Ensuring complete coverage of Canada

Several steps were implemented to ensure that the LCR had complete coverage of Canada’s land and freshwater
areas. The administrative boundaries of Canada (Statistics Canada, 2021) and the International Boundary
Commission’s border (International Boundary Commission, 2018) were used to identify the existence of small gaps
with no land cover data. This occurred where the AAFC SDLU was used as the base layer and was corrected by
filling in these gaps with data from the CCMEO LCC.

Thousands of small islands, mostly less than one hectare in area, were not included in the base datasets. This
may have been a result of techniques such as smoothing of the land cover data in the input datasets to remove
isolated pixels. These islands were added to the LCR using the administrative boundaries of Canada (Statistics
Canada, 2021). Since no land cover data were available for these islands, they were classified as barren land if
they occurred in coastal waters and as treed (non-wetland) if they occurred in inland waters, according to the most
probable land cover for each region (coastal or inland) based on image interpretation.

The LCR was clipped to a customized version of the ecoprovinces of Canada to ensure full and accurate coverage
of Canada’s terrestrial and freshwater extent. The customized ecoprovince boundaries had been adjusted to
include the Canadian portion of lakes that are shared between Canada and the United States (such as the Great
Lakes). Portions of lakes that were added to the revised boundaries were assigned to the adjacent ecoprovince.

5. Technical specifications

Spatial resolution: 30 metres
Extent

Top: 5,427,990 metres
Bottom: 615,780 metres
Left: 3,613,650 metres
Right: 9,019,800 metres

The LCR uses a customized Albers equal-area projection that is used for all CoE data products. It preserves area
and is a conical projection with two standard parallels and a central meridian well-suited for Canada.
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PROJCRS[“NAD83 / Statistics Canada Ecosystem Register
BASEGEOGCRS[“NAD83"”,

DATUM[“North American Datum 1983”,

ELLIPSOID[“GRS 1980”,6378137,298.257222101,
LENGTHUNIT[“metre”,1]]1],

PRIMEM[“Greenwich”,0,
ANGLEUNIT[“degree”,0.0174532925199433]],

ID[“EPSG”,4269]11,

Albers”,

CONVERSION[“Statistics Canada Ecosystem Register Albers”,

METHOD[“Albers Equal Area”,
ID[“EPSG”, 982211,

PARAMETER[“Latitude of false origin”,63.390675,
ANGLEUNIT[“degree”,0.0174532925199433],
ID[“EPSG”, 882111,

PARAMETER[“Longitude of false origin”,-91.8666666666667,

ANGLEUNIT[“degree”,0.0174532925199433],
ID[“EPSG”,8822]],

PARAMETER[“Latitude of 1lst standard parallel”, 49,
ANGLEUNIT[“degree”,0.0174532925199433],
ID[“EPSG”,8823]],

PARAMETER[“Latitude of 2nd standard parallel”, 90,
ANGLEUNIT[“degree”,0.0174532925199433]1,
ID[“EPSG”, 882411,

PARAMETER[“Easting at false origin”,6200000,
LENGTHUNIT[“metre”, 1],

ID[“EPSG”, 882611,

PARAMETER[“Northing at false origin”,3000000,
LENGTHUNIT[“metre”, 1],

ID[“EPSG”,882711],
CS[Cartesian,?2],

AXIS[™(E)”,east,
ORDER[1],
LENGTHUNIT[“metre”,1,

ID[“EPSG”,9001111,

AXIS[™(N)”,north,
ORDERI[2],
LENGTHUNIT[“metre”,1,

ID[“EPSG”,9001]]]
]
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6. Results

Map 1 shows the percentage of pixels edited by the improvements described in the methodology. A change

in pixel values indicates that a pixel was modified after the primary datasets were reclassified and mosaicked
together based on their coverage area. Around 943,000 square kilometres of land were modified during the
process, representing 9.5% of all land pixels. The total amount of land affected varies by ecoprovince from 0.1%
to 30.4%, with most edits occurring between latitudes 55°N and 75°N. The classes most affected by the edits
were treed (non-wetland), wetland (non-treed), and grassland and shrubland.

A map of the register is shown in Map 2.
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Map 1
Proportion of pixels affected by improvements to base layers, by ecoprovince
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Source: Statistics Canada, Environment Accounts and Statistics Division.
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Map 2
Land cover register, circa 2020
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Source: Statistics Canada, Environment Accounts and Statistics Division.

6.1 Accuracy of the land cover register

As part of the design-based area estimation described in Textbox 1, CoE staff manually delineated land cover
types for 5,011 100 m by 100 m sampling units.'* These units were selected across all ecoprovinces and

included all land cover types occurring in each ecoprovince (with the treed [non-wetland] and treed wetland
classes combined, as noted below). The spatial distribution of sampling units is shown in Appendix 1. Within
these units, land cover features were manually delineated by trained CoE staff using high-resolution satellite
imagery interpretation and the datasets listed in Table 2. For consistency, staff adhered to a document describing
delineation guidelines to follow. Units were also validated by a second reviewer. The LCR was confronted with the
sampling units to produce a confusion matrix, which was used to quantify the level of agreement between the two
sources. The treed wetland and treed (non-wetland) classes were combined for this assessment because of the
difficulty in distinguishing between these two classes using image interpretation.

Table 6 displays the level of agreement by land cover type at the national level. It is expressed in the form of the
F-score, which quantifies how well the LCR maps the actual land cover type. The F-score combines results of the
user’s and producer’s accuracies. The overall weighted F-score is 74.9%. The degree of agreement is not uniform
across land cover classes. Four land cover classes have a high level of agreement (greater than 80%), covering

14. For further details on the methodology of the design-based area estimation, see this link.
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48.3% of the country’s inland area. They are cropland, inland water body, treed (including treed wetlands) and
permanent snow and ice. The remaining classes are between 60.7% and 76.8% agreement, aside from sparsely
vegetated land which has an agreement of 43.4%. Appendix 2 shows the agreement (F-score) between the
reference data and the LCR by ecozone and land cover class.

It should be noted that the difference in the spatial resolution of the LCR and the reference data (which are more
accurate because they are derived from high-resolution imagery) partly contributes to the disagreement. Because
of the spatial resolution of most of the input datasets, the LCR cannot map small features (less than 900 square
metres in area) and coarsely represents boundaries between features. Open wetlands, in particular, are subject
to omission in the mid-resolution LCR because they are numerous, they are often small, and they can have a
narrow linear shape. Nonetheless, it is not surprising that the grassland and shrubland, wetland (non-treed),
sparsely vegetated land, and barren land classes are less accurately mapped, given the similarities in spectral
characteristics between certain pairings of these classes and the frequent presence of transitional zones or
ecotones between these land cover types.

It should also be noted that, to a small extent, interpretation errors may have been a factor affecting the accuracy
assessment. Some classes are difficult to interpret from high-resolution imagery, and despite the use of multiple
lines of evidence (e.g., NDVI values, colour infrared imagery, various spatial data sources at different points in
time), errors in manual classification may have occurred.

Table 6
Percentage agreement between reference data and the land cover register

Percentage of

Area total land F1-Score User’s accuracy Producer’s accuracy
Land cover class km? percent
Built-up and artificial surface 67,634 0.7 60.7 64.5 57.5
Cropland 427,540 4.3 82.6 73.1 95.0
Inland water body 1,257,268 12.6 87.2 88.5 85.9
Treed (including treed wetlands) 2,953,811 29.6 82.7 79.1 87.0
Treed area disturbance 725,223 7.3 76.8 76.7 774
Grassland and shrubland 1,903,336 191 65.3 67.4 64.2
Wetland (non-treed) 1,270,536 12.7 67.4 72.2 63.5
Sparsely vegetated land 545,920 5.5 434 39.9 47.6
Barren land 638,862 6.4 73.3 77.8 7.2
Permanent snow and ice 178,111 1.8 94.6 92.5 96.8
Overall 9,968,242 100.0 74.9 74.6 76.0

Note: Since each area estimate has been rounded to the nearest square kilometre, totals will be close but not always equal to the sum of their components.
Source: Statistics Canada, Environment Accounts and Statistics Division.

7. Limitations of the dataset

This dataset was created primarily for ecosystem accounting and analysis. It is meant to represent the best
spatially explicit estimates of land cover assets, for spatial analysis in measuring ecosystem condition and
services, and for use as an input for generating land cover area estimates using a design-based approach. The
dataset is not primarily intended for mapping and visualization. For this reason, trade-offs were made in integrating
the best available data on a large regional level, resulting in some spatial inconsistencies in the data between
classes, particularly in classes that are more difficult to map or identify, such as wetlands in northern areas.

This dataset is meant for use at the national or large regional scale and is not recommended as a primary source
in local or finer-resolution analysis or reporting. Additionally, the dataset is not designed for or intended to support
change detection. While new versions of the LCR may be published in the future, it is not recommended to infer
land cover change by simply comparing products, since perceived changes could be the result of differences

in the datasets used as inputs. These can include differences in class definitions between datasets, temporal
variability and misclassification, as opposed to real land cover change.

While misclassifications can occur in all classes, as explained in Textbox 1, certain class-specific limitations
should be noted. The treed area disturbance class may include disturbances resulting from phenomena other than
fire and harvest, such as insect infestation and wind damage. Further, partial harvesting (e.g., through selective
logging) may not be captured in the disturbance data.
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As noted in the previous section, wetlands are underrepresented in some regions. For example, in the Prairie
region, prairie potholes are wetlands that are often small and/or narrow in shape. They collectively make up a large
proportion of the land base, but are likely to be misclassified in this data product because of their size in relation to
the spatial resolution of the available land cover data and the influences of temporal variability.

Since treed wetlands are difficult to differentiate from treed uplands using image interpretation, the accuracy of the
treed wetland class was not assessed. Users are advised to exercise caution when using this class.

Linear features, such as roads, railways and powerlines were integrated into the LCR. Although these features are
generally narrower than the 30 m resolution of the product and are often not the dominant land cover in a pixel,
they were included since they can have significant impacts on ecosystems.

Users should exercise caution when using the LCR in coastal areas. Since boundaries between freshwater,
intertidal and coastal waters are difficult to define, dynamic and transitional in nature, some areas along the
coastline identified in the LCR as inland water may be coastal or marine waters. Where water courses drain into
coastal waters, portions that could be considered coastal or marine may be classified as inland water in the LCR;
alternately portions that could be considered freshwater may have been omitted. Additionally, misclassifications
are more common in these dynamic and transitional areas along the coast because of factors such as shifting
coastlines, fluctuating water levels, areas where freshwater and saltwater mix and other hydrological factors.
Misalignment of different spatial data products may also lead to classification errors.

It should also be noted that merging and manipulating (e.g., reprojecting or snapping to a common grid) multiple
spatial datasets can cause some spatial misalignments in the end product. For this reason, users may wish to
refer to the source data, where suitable.

8. Future work

It is anticipated that the LCR will be updated as new technology, data sources and better-quality data become
available. These improvements may include further integration of biophysical properties and characteristics to
enable increased detail in the land cover classes.
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10. Appendices

10.1 Appendix 1

Map A.1.1
Distribution of sampling units
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Source: Statistics Canada, Environment Accounts and Statistics Division.
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10.2 Appendix 2

Table A.2.1
F1-score between the land cover register and sampling units, by land cover type and ecozone
Land cover class

Treed
Built-up and Inland  (including Treed  Grassland Sparsely Permanent
artificial water treed area and Wetland vegetated Barren snow
surface  Cropland body  wetlands) disturbance  shrubland (non-treed) land land and ice
Ecozone percent
Arctic Cordillera 81.2 . 77.4 74.3 . 43.3 28.0 54.4 66.9 97.8
Northern Arctic 66.1 . 81.5 . . 48.6 64.6 50.0 77.4 87.4
Southern Arctic 74.3 . 88.4 39.7 83.2 74.6 67.6 37.8 51.8 83.3
Taiga Plains 36.1 3.2 92.1 74.8 68.3 52.2 66.5 1.8 66.3 .
Taiga Shield 63.5 . 87.0 69.8 725 71.6 48.2 25.5 22.1 0.4
Boreal Shield 48.8 82,5 85.2 85.2 77.8 52.2 61.9 9.9 371
Atlantic Maritime 56.3 73.4 88.9 90.9 78.9 47.5 69.8 55 30.6
Mixedwood Plains 76.4 82.4 99.6 80.9 59.1 34.4 57.6 . 0.2
Boreal Plains 64.1 81.4 98.4 89.2 79.5 314 74.0 20.9 57.7
Prairies 55.6 83.6 729 58.2 2.8 66.8 481 . 38.7 .
Taiga Cordillera 40.5 . 68.8 66.4 75.4 83.6 46.7 . 70.2 75.4
Boreal Cordillera 50.5 35.1 86.1 83.4 75.0 76.6 58.8 . 68.8 86.5
Pacific Maritime 725 57.5 745 87.7 68.4 48.8 35.6 . 64.7 88.1
Montane Cordillera 43.9 66.8 88.1 88.1 84.7 58.6 62.9 . 72.2 90.0
Hudson Plains 66.4 . 81.3 86.0 78.5 46.6 91.1 0.4 54.6

.. not available for a specific reference period

Notes: Thematic accuracy of the land cover register (LCR) is reported by class and ecozone, produced via the standard thematic accuracy assessment process. To generate the collection of
sampling units, the LCR map was resampled to the Census of Environment common grid with a spatial resolution of 100 metres by 100 metres. A stratified simple random sampling design
was used, in which the stratification was done by cross-tabulating ecoprovince and LCR land cover class. In the LCR map, certain land cover classes do not occur in certain ecoprovinces, so
these combinations do not appear in the stratification. The choice of the sample allocation was informed by expert knowledge and the results of a national-scale simulation study. Each selected
sampling unit was delineated via interpretation of high-resolution Earth observation imagery and supplementary spatial datasets. The delineation results were confronted to the LCR to calculate
a proportion of agreement for each land cover type. For this accuracy assessment, the treed (non-wetland) and treed wetland classes in the LCR classification system were combined.

The ecoprovince accuracies have been rolled up to the ecozone level in this table.

Source: Statistics Canada, Environment Accounts and Statistics Division.
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