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Abstract. Studies on greenhouse gases (GHG) emitted by hydroelectric reservoirs have shown until now that the fate of
carbon, following impoundment, seems to reach the fate of carbon in natural aquatic ecosystems after a decade or so. To
adequately assess this assumption and then obtain the net GHG emissions from the Eastmain-1 hydroelectric reservoir, the
carbon stock and GHG emissions from peatlands and different succession stages of forested areas need to be characterized
prior to the reservoir impoundment. It is therefore important to characterize the carbon flow process (surface fluxes and
sequestrated carbon) from these terrestrial systems prior to impoundment. The Canadian Wildlife Service of Environment
Canada, Québec region, has developed an approach for mapping wetlands using Landsat/RADARSAT-1 satellite images.
The method is based on image segmentation using the Definiens Professional software. The top-down object-based
classification is based on the Canadian Wetland Classification System and quickly and precisely identifies ecologically
meaningful wetland polygons. The main objective of this study is to produce a wetland map of the Eastmain River
watershed using a SPOT-4 image aimed at identifying five classes of wetlands (bog, fen, marsh, swamp, shallow water) for a
geographical unit of at least 1 ha, and to add to the peatland classes a description of their components, such as pool
complexes and vegetation structures, to assign measured carbon values to these different peatland classes and scale up the
data to obtain a regional carbon budget. The second objective of the study consists in determining whether SPOT-4 images
can be used to map wetlands, using the object-based method developed with Landsat/RADARSAT-1 images, and if a finer
spatial resolution would improve the wetland mapping results by adding information on wetland components. The SPOT-4
classification using the object-based method allowed the five main wetland classes to be identified in addition to pool
complexes in three density classes (isolated, low density, and high density) and “bogs”/“fens” vegetation structure (treed or
open) in peatland classes. Validation was done at two levels: (i) between the five classes of wetlands, and (ii) between pool
complexes and vegetation structures. The overall accuracy was 81% for the first level and 75% for the second.
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Résumé. Les travaux portant sur les émissions de gaz à effet de serre (GES) émanant des réservoirs hydro-électriques
soutiennent, jusqu’à maintenant, qu’à la suite de l’inondation d’un territoire le sort du carbone dans un réservoir serait après
plus de 10 ans similaire à celui se produisant dans les écosystèmes aquatiques naturels. Cependant, pour évaluer
adéquatement les émissions de GES au réservoir hydroélectrique Eastmain-1, le bilan de carbone et les émissions GES des
secteurs terrestres composés d’une mosaïque de milieux humides et de milieux forestiers à différents stades de succession
ont été caractérisés avant la mise en eau du réservoir. Il importait donc de procéder à une caractérisation de la dynamique
des flux de carbone des milieux humides du secteur terrestre avant la mise en eau du réservoir Eastmain. Le Service
canadien de la faune d’Environnement Canada, région du Québec a développé une méthode de cartographie des terres
humides utilisant les images des satellites Landsat et RADARSAT-1. La méthode de cartographie a recours à la
segmentation des images à partir du logiciel Definiens professionnal de la compagnie Definiens. La classification basée sur
les objets, du haut vers le bas, s’appuie sur le Système de classification des terres humides du Canada et permet d’identifier
rapidement et précisément les polygones significatifs du point de vue de l’écologie des terres humides. L’objectif principal
de ce projet est de fournir une cartographie des terres humides du secteur du bassin versant de la rivière Eastmain à partir
d’une image SPOT-4. La cartographie vise à identifier cinq classes de terre humide, soit bog, fen, marécage, marais et eau
peu profonde pour une unité géographique minimale de 1 ha, en ajoutant aux classes de tourbières la description de leurs
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composantes telles que les complexes à mares et la structure de la végétation. L’objectif secondaire de cette étude est de
vérifier si une image SPOT-4 peut être utilisée pour la cartographie selon l’approche basée sur les objets développée avec
les images Landsat/RADARSAT-1 et évaluer si la résolution spatiale plus fine permet d’améliorer la cartographie des terres
humides en identifiant leurs composantes. La classification de l’image SPOT-4 selon l’approche basée sur les objets a
permis d’identifier les 5 grandes classes de terres humides en plus des secteurs à mares en trois sous classes (isolée, densité
moyenne et densité forte) ainsi que de distinguer dans la végétation des bogs et des fens, les milieux ouverts de ceux boisés.
La validation des résultats a été faite à deux niveaux : (i) entre les cinq classes de terres humides et (ii) entre les complexes
à mares et la structure de la végétation (ouverte vs. fermée). La précision globale est de 81 % pour le premier niveau tandis
que le deuxième niveau donne une précision de 75 %.

Introduction
The major greenhouse gases (GHGs) are carbon dioxide

(CO2), methane (CH4), and nitrous oxide (N2O) (IPCC, 2001).
These gases are emitted from both natural aquatic (lakes, rivers,
estuaries, wetlands) and terrestrial (forest, soils, peatlands)
ecosystems as well as from anthropogenic sources (Cole et al.,
1994; Hope et al., 1994). Following the flooding of terrestrial
ecosystems through reservoir impoundment, there is a
modification of the chemistry of the flooded soils, leading to
the release of labile carbon, nutrients to the water column, and
the production of GHG (Tremblay et al., 2005a; 2005b). These
modifications occur over a short period of time in a boreal
ecosystem (i.e., from 5 to 10 years), and the return to values
representative of natural conditions occurs usually within
10 years depending on the land area flooded to annual volume
ratio (Tremblay et al., 2005b).

Over the last few years, GHG emissions from freshwater
reservoirs and their contribution to the increase of GHGs in the
atmosphere have become the focus of a worldwide debate on
the generation of electricity (Gagnon and Chamberland, 1993;
Fearnside, 1996; St. Louis et al., 2000; Tremblay et al,. 2005a;
2005b).

The La Grande hydroelectric complex, including Eastmain-
1, generates about half the electricity produced in the Province
of Québec. Hydropower represents about 60% of Canada’s
electricity generation capacity. Our knowledge of the dynamics
of GHG in reservoirs is based on gross emissions. However, as
the determination of GHG levels emitted from reservoirs for
national GHG inventory purposes, the comparison of methods
of energy production, and the evaluation of CO2 credits become
increasingly relevant, there is a need to evaluate the net GHG
emissions from reservoirs. These are considered to be the
difference in the emissions from the reservoir and those emitted
by the natural ecosystems at the watershed level, including the
downstream portion and the estuary (World Commission on
Dams, 2000).

In the boreal environment, forests and wetlands constitute
dynamic ecosystems, particularly due to their contribution to
the total carbon cycle. Current knowledge of their total carbon
footprint, especially for wetlands, is still incomplete. Recent
research initiatives in the James Bay region have tried to
compensate for this lack of knowledge (Roulet et al., 1992;
Pelletier et al., 2007). The acquisition of such knowledge will
thus allow the natural dynamics of GHGs to be more accurately
determined over time and space within the same catchment.

Accurate values have become crucial to acquire before an area
is subjected to disruption or impoundment. They thus allow
gross natural emissions to be distinguished before
impoundment, as recommended by the World Commission on
Dams (2000), to quantify the reservoir’s actual contribution to
the GHG process. In such a context, it becomes important to
adequately assess the contribution of natural peatlands in terms
of GHG and carbon stock, to evaluate the contribution of
reservoirs in a land use change approach. CO2 and CH4 fluxes
are generally measured at the biotype scale to obtain mean
carbon fluxes for the different vegetation types. However, the
results have to be extrapolated to a regional scale. Wetlands
mapping using remote sensing is therefore an important tool, as
it emphasizes without too much generalization the different
peatland types and allows the scaling up of carbon fluxes
measurements made directly on the peatlands.

Grenier et al. (2007) showed that wetland mapping using the
Landsat Enhanced Thematic Mapper (Landsat ETM) and
RADARSAT-1 images with an object-based classification
allowed an ecological definition of the wetland complexes, as
also mentioned by Blaschke and Strobl (2001), Ozesmi and
Bauer (2002), Harken and Sugumaran (2005), and Green and
Lopez (2007). However, although several scientific papers have
demonstrated the usefulness of RADARSAT-1 images
combined with optical imagery for wetland mapping
(Kasischke et al., 1997; Baghdadi et al., 2001; Bourgeau-
Chavez et al., 2001; Deslandes et al., 2002; Kuehn et al., 2002;
Parmuchi et al., 2002; Bernier et al., 2003; Sokol et al., 2004),
the contribution of radar images to the definition of wetlands is
strongly dependent on ground conditions at the time of the data
acquisition (Parmuchi et al., 2002; Fournier et al., 2007;
Grenier et al., 2007). In addition, conventional classification
methods are not as well suited to the characteristics of
RADARSAT-1 images, which require a nonparametric
approach (Deslandes et al., 2002). Deslandes et al. (2002) have
tailored the decision tree approach to wetland mapping to
produce the Conservation Atlas of Wetlands in the St.
Lawrence Valley, using Landsat-TM and RADARSAT-1
images (http://lavoieverte.qc.ec.gc.ca/faune/AtlasTerresHumides/
AtlasTerresHumides.html). Decision tree-based classification
has the advantage of properly identifying types of wetlands but
requires a large number of sample points. Moreover,
adjustment of the tree requires in-depth knowledge of the
spectral response of the target elements (Simard et al., 2000;
Deslandes et al., 2002). Lastly, wetland mapping using a pixel-
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based approach can produce situations that do not exist in
nature; for example, some pixels could be classified as a marsh
in the middle of a bog system. Wetland mapping using context,
as is possible with object-based methods, is a geoclassification
rather than a spectral classification because it is not based only
on spectral signature.

Wetlands show considerable variability over space and
(long-term) time, and their composition and distribution in the
landscape can vary based on the biogeographical region, thus
making identification by remote sensing difficult to standardize
(Fournier et al., 2007). To facilitate the application of object-
based classification across Québec, Grenier et al. (2007)
developed a top-down approach that first eliminates the classes
not covered by the study and then assigns the object of interest
to its class once the segment is properly adjusted. The
attribution of wetland classes to the polygons is more often
done at the finest segmentation level. The top-down approach
has the advantage of being independent of the sensor’s
resolution in the choice of attributes that define the object of
interest. For example, the object identified as “bog” is based on
the spectral attributes determined using the object’s image,
whereas a bottom-up approach must define the “bog” class
components (i.e., the “pool,” “open conifer,” and “lichen”
objects) based on a proportion defined by the Canadian
Wetland Classification System (National Wetland Working
Group, 1997), with the components then being grouped under a
single polygon identified as “bog” (Schmidt and Skidmore,
2003). The Landsat ETM images with a 30 m resolution are
limited as to the identification of wetland components. Very
high resolution images such as IKONOS and QuickBird have
shown their usefulness in defining wetland components such as
vegetation and watercourses (Dechka et al., 2002; Wang et al.,
2004). However, the low spatial coverage of these images limits
operational application to a large area. Similarly, light detection
and ranging (lidar) airborne images were successfully used for
the recognition of vegetation structures in wetlands
(MacKinnon, 2001; Töyrä and Pietroniro, 2005; Judd et al.,
2007). Just like very high resolution images, lidar images are
rarely used to cover a large area. In addition, they are limited in
the application to remote areas due to the constraints involved
in using an airplane. SPOT (Système pour observation de la
terre) images constitute a good compromise between Landsat-
ETM images and very high resolution images; in fact, they have
traditionally been used for wetland mapping (Harvey and Hill,
2001; Töyrä et al., 2001; Gond et al., 2004; Harken and
Sugumaran, 2005).

For this study, the contribution of wetlands to the estimation
of the total carbon budget must be based on accurate knowledge
of the area. The study thus aims at characterizing the area with
emphasis on wetlands in terms of vegetation and water
compositions. The project’s main objective is to provide a map
of the wetlands in the Eastmain River area. The map aims at
identifying wetland classes such as bog, fen, swamp, marsh,
and shallow water (National Wetland Working Group, 1997)
for a geographical unit of at least 1 ha, and adding to the
peatland classes a description of their components, such as pool

complexes and vegetation structure, that corresponds to
peatlands biotope that can be identified on satellite images. The
study’s second objective consists in determining whether a
SPOT-4 image can be used for mapping with an object-based
approach developed with Landsat/RADARSAT-1 images, and
whether a finer spatial resolution could improve wetland
mapping by identifying wetland components and, thus,
contribute to the calculation of carbon stocking.

Study site and data
Study site

The Eastmain reservoir is located in Canada, in the Province
of Québec (52°10′N, 76°05′W). The reservoir has a surface area
of about 600 km2; that is, 480 km2 of flooded terrestrial
ecosystems areas, including 390 km2 covered by woodlands
and 90 km2 of peatlands, and about 120 km2 of lakes and rivers.
The project’s study site is located at the convergence of three
ecozones: the Taiga Shield, Boreal Shield, and Hudson Plain, as
defined by the Ecological Stratification Framework for Canada
(Ecological Stratification Working Group, 1995) (Figure 1).

According to the Ecological Stratification Framework for
Canada, the La Grande Hills ecoregion in the Taiga Shield
ecozone is defined as a lower subarctic ecoclimatic region. The
dominant vegetation consists of a transition between the plant
communities of the boreal forest, which is rather open in the
region of rivière La Grande and rather dense in the northern
Abitibi region. It is primarily made up of relatively dense black
spruce stands with a low cover of lichen and feather moss. The
altitude ranges from 150 m near the coast to 450 m in the
Caniapiscau reservoir area to the east. The highest concentration
of wetlands in the region is represented by ombrotrophic
peatlands located where the topography is relatively flat and the
substrate is composed of nonconsolidated deposit (clay, silt, or
fine sand) associated with post-glacial event (Beaulieu-Audy et
al., 2008; Payette and Rochefort, 2001). The Rivière Rupert
Plateau ecoregion in the Boreal Shield ecozone is defined as a
high-boreal and mid-boreal ecoclimatic region. The landform,
characterized by smooth and low hills, is found at an altitude of
300–350 m. The vegetation is dominated by dense and
productive stands of black spruce and balsam fir. A low cover of
feather moss is common, whereas Sphagnum is found in poorly
drained depressions. Lastly, the James Bay Lowland ecoregion
in the Hudson Plain ecozone is part of the perhumid high-boreal
ecoclimatic region. It consists of a transition zone between the
coniferous and mixed forests of the “clay belt” to the south and
the tundra to the north. Most of the area is poorly drained. The
dominant vegetation consists of sedge, moss, and lichen, with or
without an upper canopy of stunted black spruce and tamarack.
The ecoregion mainly includes poorly drained flat plains with
smooth river and marine landforms. The wetlands occupy 50%
of the area in the southern part of the ecoregion and over 75% in
the northern part near James Bay. According to Hydro-Québec
Production (2005), bogs are large and relatively common in the
Eastmain area. Riparian wetlands are generally narrow and
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poorly developed, except near some lakes and at the confluence
of tributaries (Hydro-Québec Production, 2005).

Image data

SPOT-4 images
The images from the SPOT-4 satellite, acquired on 20 July

2005 in panchromatic mode (10 m) and in multispectral mode
(20 m) with an incidence angle of 1.5°, were used to map
wetlands and their components as required under the overall
project objectives. The SPOT-4 images were geometrically
corrected using PCI’s Geomatica software. An image-to-image
correction was applied using a Landsat-5 orthoimage acquired
on 24 June 2002. About 80 control points were generated for
correction of both the multispectral bands and the
panchromatic band. The nearest-neighbor method (3rd order)
was used for the correction. The four multispectral bands
(20 m) were then merged with the panchromatic band (10 m)
using the Pansharp module (available in PCI’s Geomatica
Suite) (Zhang, 2002). Grenier et al. (2007) recommends that
step be done prior to segmentation in order to improve the
spatial definition of the images and thus apply segmentation on
the most accurate data.

RADARSAT-1 images
For the Eastmain region, only one RADARSAT-1 image was

available, acquired on 27 October 2002. This image was
acceptable despite the 3 years separating the acquisition of the
SPOT image, since this region does not undergo anthropogenic
pressures (agriculture or urbanization). Modifications that could
happen on wetlands are mostly associated to climate change and
hydrologic change, which are not noticeable on such a short
period of time. Although the prior work by Grenier et al. (2007) on
wetland mapping demonstrated the usefulness of RADARSAT-1
images as a supplement to the optical images, the RADARSAT-1
image covering the study area (Figure 2) was not used in the
study. The reason is that the orthorectification of the image
produced excessive stretching of the pixels. The uneven
topography seems to have affected the signal both in terms of the
image and the digital elevation model. The resulting image thus
has a contrast that corresponds more to the digital elevation model
than to the area’s elements. Before eliminating the RADARSAT-1
image, its contribution to wetland mapping was assessed through a
comparison with the SPOT-4 image. An initial segmentation was
done using only the SPOT-4 bands, and another segmentation was
done with the same parameters (color and scale) by combining the
SPOT-4 bands and the RADARSAT-1 image. A comparison of
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Figure 1. Location of the study area and boundaries of all the ecozones and concerned
ecoregions.



these two segmentations showed that the RADARSAT-1 image
signal was too strongly affected to contribute substantially to the
delineation of wetlands for this area. We believe that the input
from RADARSAT-1 images in wetland mapping is important, but
it is strongly dependant on the ground conditions during the
acquisition and on the quality of the data related to the type of
wetland. Prior studies have shown that the contribution of
RADARSAT-1 images to wetland mapping is noteworthy for
swamps, since the backscattering effect caused by the presence of
water in the swamps saturates the signal (Deslandes et al., 2002;
Grenier et al., 2007). Given that the wetlands found in the
Eastmain area consist mainly of peatlands, the contribution of the
RADARSAT-1 image was considered less critical. The
RADARSAT-1 image was thus not used for segmentation or
classification, given the inaccuracy of the pixels. The digital
elevation model used for orthorectification was produced at
1/50 000 scale and supplied by Geobase (http://www.geobase.ca)
with a resolution of 1 m in altitude.

Ancillary data
The boundaries of the surface morphological patterns and the

different related biotypes (hummocks, lawns, hollows, and
pools) of six peat bogs sampled in the area in the summer of
2005 were provided by Le groupe de recherche sur la dynamique

des écosystèmes tourbeux from GEOTOP-UQAM-McGill. The
field surveys were done at the same time as the acquisition of the
SPOT-4 image. The boundaries of the surface morphological
patterns provide information on the trophic status and associated
vegetation on the peatland. Aerial photographs at a scale of
1/20 000, acquired above the six peat bogs by the Société
d’énergie de la baie James on 8 September 1999, were also used
to direct wetland surface patterns mapping.

Image classification

The methodological approach retained for the project was
developed by Grenier et al. (2007) for wetland mapping as part
of Phase I of the Canadian Wetland Inventory (CWI) (Fournier
et al., 2007). This is an object-based classification defined by
image segmentation. Using a top-down approach, there is an
elimination at each level of segmentation (from the coarsest to
the finest) of the classes not covered by the study, after which
the object of interest is assigned to its class when the segment is
properly adjusted to the object in question in executing
automated multiresolution segmentations until the level that
delineates the targeted class is reached. The definition of
wetlands is based on the Canadian Wetland Classification
System (National Wetland Working Group, 1997) and the
sensor’s ability to recognize the classes (Table 1). This means
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that the wetland classes are generalized using the components
that are identified by remote sensing. For example, for bogs or
fens, the objects are grouped in either of the peatland categories
based on their ombrotrophic or minerotrophic dominance.
Some pixels of the “fen” class may then potentially be included
in a “bog” object, just like some pixels of the “bog” class can be
included in the “fen” object. However, this inclusion is usually
lower than the minimum geographical unit defined for the
project purposes. For the study, the minimum target
geographical unit is 1 ha for the five wetland classes; however,
the “pansharpened” SPOT image resolution is 10 m, which
corresponds to about 0.01 ha per pixel. This spatial accuracy
will be used in the mapping of peatland components.

The methodological approach uses image segmentation via
Definiens Professional software (Definiens). Segmentation
creates objects (polygons) that are assigned to a class based on
spectral (e.g., mean, standard deviation, texture) or contextual
(neighborhood) attributes (Baatz et al., 2000–2004). The
classification errors are then corrected by manual classification.
The approach is described in detail in Grenier et al. (2007). The
key element of the top-down approach is in categorizing the
object once the segment is properly adjusted to it through
segmentation. Grenier et al. (2007) noted that when the
segment is properly adjusted to the object of interest, it
becomes easier to find attributes to define it.

The classification was tailored to meet the requirements of
the study to assign the CO2 and CH4 flux values directly
measured in the field on the surfaces morphological patterns
related to the “bog” and “fen” classes. The treed vegetation
classes without aquatic component only pertain to the “bog”
class, since the “fen” class is always characterized by the
occurrence of pools on the mapped area. The vegetation and
pool classes were defined using the spectral response seen on
the image. The stand type was fairly uniform and difficult to
identify on the SPOT-4 images; density is thus the element that
characterizes vegetation in the “bog” class.

The classes that define pool complexes in peatlands involve
objects including water (pool complex) and vegetation in the

same unit, whereas the “isolated pool” class pertains solely to
bodies of water. Assigning an object to one of the high or low
pool density classes is also based on its spectral response and on
the sensor’s capacity to distinguish them. Note that the spatial
resolution also influenced the definition of the pool classes.
Hence, the “isolated pools” that were larger than the sensor’s
resolution (0.09 ha, considering a group of 3 × 3 pixels) could be
isolated from its surrounding, whereas the density classes were
dependent on the relative amount of water. Two density classes
were arbitrarily defined as “high” and “low.”

Three mapping analyses were performed: one for the five
types of wetlands, one for the pool classes in bogs and fens, and
one for the vegetation structure classes in bogs. The vegetation
structure and pool mappings were done by integrating the
merged objects from the five types of previously mapped
wetlands into the Definiens software. The merged objects were
obtained by dissolving contiguous polygons from the same
class of wetlands through multilevel classification using
ArcGIS. New segmentations were executed within these
polygons using Definiens software while taking the class
boundaries into account. The use of wetland mapping to
identify pools and vegetation structure in bogs allows the
classes of interest to be directly targeted (in this case, bogs and
fens), which minimizes confusion between classes and allows
the components affiliation to be defined. The other classes
(marsh, swamp, shallow water, open water, etc.) served as
exclusion masks for pool and vegetation (treed or open)
mapping. The pool classes also acted as exclusion masks for
vegetation structure mapping.

Results and discussion
Mapping of the five wetland classes

The classification of the SPOT-4 image acquired on 20 July
2005, using the object-based approach, allowed the five
wetland classes to be identified along with pool complexes and
vegetation structure, as shown in Table 2. The surface area of
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Class Form Drainage Vegetation

Bog or ombrotrophic
peatland

Surface raised or leveled with the
surrounding terrain, Sphagnum
mound, wet hummock

No drainage Dominated by Sphagnum and sometimes
others mosses, ericaceous shrubs,
Carex, trees (black spruce and larch)

Fen or minerotrophic
peatland

Flat surface, level with the water
table

Constant groundwater movement,
with occasional surface water
movement

Carex, graminoids, reeds, mosses,
shrubs, few trees (dominated by
larch), or treeless

Swamp Treed surface that can contain
channels and ponds

Constant groundwater movement,
with surface water movement
during some part of the year

Coniferous and deciduous trees, shrubs,
herbaceous, and mosses

Marsh Herbaceous surface that can
contain channels and ponds

Surface water movement Herbaceous, Carex, reeds, rushes,
emergent or floating aquatic plants

Shallow water Open shallow water surface
surrounded by hydrophile
vegetation

Surface water movement Floating or submerged aquatic plants,
reeds, rushes, Carex (vegetation cover
<25%)

Table 1. Definition of the five wetland classes based on the Canadian Wetland Classification System (1997).



each class is also indicated in the table. Of the wetland classes,
the “bog” class had the largest surface area. Next came the
“swamp,” “shallow water,” “fen,” and “marsh” classes. Note,
however, that close to 75% of the area was taken up by the
“other” class and 17% by the “open water” class. Overall,
wetlands occupy about 10% of the area.

The object-based classification using the top-down approach
required four hierarchical levels to map the five wetland classes
(Figure 3). Figure 3 also shows the elimination process
repeating and acting as a mask from one level to the next.

The chosen attributes are based mainly on the spectral
response of the objects of interest. The attributes related to
shape are rarely used, since wetlands are natural environments
with no particular spatial structure and characterized by uneven
morphological character. However, spatial attributes help
identify certain classes, as in the case of the “shallow water”
class, which was identified in part through its proximity to the
swamp. The targeted attributes are the band ratios or indices,
which reduce the atmospheric effects. They will be easier to
export from one area to another. In fact, a comparison with the
results of the study conducted by Grenier et al. (2007) was done
with the attributes used for the classification of the Radisson
area using Landsat ETM/RADARSAT-1 images. Note that the
classification resulted from the Landsat-ETM/RADARSAT-1
image did not use attributes from the RADARSAT-1 image for
classification. The RADARSAT-1 image was used for the
segmentation process only. Table 3 shows that four classes out
of seven have common attributes. The agreement is based on
the maximum possibility of match for each class. For example,
the “bog” class has three attributes with Landsat/RADARSAT-
1 approach and two with SPOT, so we can have a maximum of
two matches. The “Ratio_Pan_Panchro” attribute was accepted
as the same as “Ratio_PIR” because the two attributes overlap.
Texture attributes were considered independently to the
direction and were considered a match at each time. For a
maximal possibility of 18 matches, 6 attributes were similar,

giving a 33% agreement between the attributes. Even though a
concordance of 33% can look weak, it is important to
understand that the selection was made from 150 available
attributes, and that the selection was suggested by the “feature
space optimization,” which indicates that these attributes are
recommended by the software for an optimal separability of the
classes. It could therefore be assumed that spectral attributes
such as the mean for the blue band (0.50–0.59 µm), green band
(0.6 –0.68 µm), and mid-infrared band (1.58–1.75 µm), the
infrared band ratio (0.79–0.89 µm), and the texture determined
on the green and infrared bands are useful for identifying
wetlands. This determination is in line with the vegetation
spectral reflectance measurements found in the literature that
identify peaks or abrupt changes in signature in the 0.5–0.6,
0.65–0.75, and 1.4 –1.6 µm portions of the spectrum (Jensen,
2005). For wetlands, the combination of vegetation and water
allows a good contrast to be maintained in the mid-infrared
range. Table 4 describes the attributes that are used.

Figure 4a presents the results of wetland mapping in five
classes for the area covered. The “other” and “open water”
classes are also included in the figure. Note that the “open
water” class contains lake and river objects without any
distinction, and that the “other” class includes the mineral
environment without any distinction; that is, forests, clear-cut
areas, and other areas in the process of regeneration after a fire.
Figure 4b presents a detailed view showing the layout of
wetlands in the Ruisseau Natel area.

To determine whether stratification as defined under the
Canadian Wetland Classification System is significant from the
perspective of spectral definition, spectral separability was
examined. The minimum distance to means is simple and
commonly used (Jensen, 2005). The Definiens software
program offers the possibility of comparing the separability of
certain objects (samples) with each other to determine whether
or not they are part of the same class. The “feature space
optimization” function is used to calculate the Euclidian
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Class Subclass (pools or vegetation structure) Area (ha) % of total area

Bog 23 989 6.67
Treed bog 6422
Open bog (shrub and herb) 16 975
Bog: low density pool complex 249
Bog: high density pool complex 178
Bog: isolated pool 165

Fen 379 0.11
Fen: low density pool complex 152
Fen: high density pool complex 225
Fen: isolated pool 2

Marsh — 25 0.01
Swamp — 6829 1.89
Shallow water — 834 0.23
Other — 266 325 73.97
Open water — 61 620 17.12
Total — 360 001 100

Table 2. Classes and areas for wetland, pools, and structure of vegetation cover.



distance (d) between mean of objects attributes, using
Equation (1):

| |d x yi i
i

n

= −
−
∑ 2

1

(1)

where xi is the object value for feature x, yi is the object value for
feature y, and n is the number of attributes in the feature space.

The distance is calculated based on the mean for each class
(polygons) for each attribute used in the classification process.
The nearest-neighbor classifier computes the Euclidian
distance from the pixel to be classified to the nearest training

data pixel in n-dimensional feature space and assigns it to that
class (Jensen, 2005). Using that assumption, the Euclidian
distance can be used as an indicator of spectral separability. If
the distance between the classes is small, then the classes are
considered similar or not spectrally differentiable. If, on the
other hand, the distance is great, then the classes are separate
(Baatz et al., 2000–2004). The “feature space optimization”
function was used to determine the separability distance
between the five wetland classes (Table 5). Given that the
measurement of the distance will vary depending on the classes
involved in the study and the images used as reference, there is
no absolute reference for determining when a distance is
considered too small for a distinction to be made between
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Figure 3. Class hierarchy according to the top-down approach for wetland mapping in the Eastmain study site for
(a) high (coarse) level, (b) medium level, (c) fine level, and (d) very fine level.



classes. This was the case for the “bog” class versus the
“other,” “swamp,” and “fen” classes.

Pool and vegetation structure mapping

Structure of vegetation cover and pool mapping was
performed quite easily with the spatial resolution of the SPOT-4
image, which allows 0.9 ha objects to be identified considering
that an object needs a minimum of 3 × 3 pan-sharpened pixels of
10 m to be identified. The density of the pool complexes was
identified in the “bog” and “fen” classes, and two types of
vegetation were identified in the “bog” class only. Figure 5
shows the pool and the structure of vegetation cover
classification results. Since most of the bogs are covered with

vegetation, the “treed bog” and “open bog” classes covered the
largest surface areas, as shown in Table 2. Segmentation at a
finer scale inside the “bog” and “fen” polygons to map their
components resulted in a refinement of the original
classification, which means the exclusion of small parts of bogs
that were included in the fen complexes as well as the exclusion
of parts of fen that were included in bog complexes. Of the pool
classes, the “bog: low density pool complex” and “fen: high
density pool complex” classes covered the largest surface areas.

The Euclidian distance between the mean values of the
attributes used for peatland component classification was also
determined (Tables 6a and 6b). Note that the distances are
smaller than those observed for the wetland classes since these
classes are part of the same overall wetland and are therefore

S406 © 2008 Government of Canada

Vol. 34, Suppl. 2, 2008

Class
Variables used in the classification for
Landsat/RADARSAT-1 (Radisson site)

Variables used in the classification for SPOT-4
(Eastmain) Concordance

Other Mean_MIR; Mean_Blue/Green; Mean_MIR2;
Mean_Pan_Blue/Green;
GLCM_HOMO_Blue/Green;

Mean_Green; Mean_Red; Mean_PIR; Ratio_Green;
Ratio_Red; Ratio_PIR; Ratio_MIR;
Stddev_Green; Area; Max Diff; Brightness

1/5 (20%)

Open water Ratio_Pan_Green; Mean_Green Mean_PIR; Mean_MIR 0/2
Bog GLCM_HOMO_Pan_MIR;

GLCM_DISS_Pan_Blue/Green;
Ratio_Pan_Panchro

GLCM HOMO (all dir) PIR; Ratio_PIR; Mean_PIR 2/3 (67%)

Shallow water Ratio_Red; Rel_Border_to_open_water Ratio_Red; Mean_PIR; Mean_MIR; Existence of
MARÉCAGE-FINAL neighbor objects (0)(m)

1/2 (50%)

Fen Ratio_PIR; Ratio_Pan_PIR Mean_MIR; Mean_PIR 0/2
Marsh Rel_Border_to_open_water; Ratio_Pan_PIR Ratio_MIR; 0/1
Swamp Ratio_Red; GLCM_HOMO_Green;

GLCM_MEAN_Green
Ratio_Red; Ratio_Green; Mean_Green; GLCM

DISS (all dir) Green; Area; Shape index
2/3 (67%)

Table 3. Comparison of the attributes used for wetland mapping using Landsat ETM/RADARSAT-1 images (Grenier et al., 2007) and
SPOT-4 image without considering the hierarchical levels.

Attribute Description Abbreviation

Mean Mean value of an object in a specific band for the original image Example for band SPOT-1: Mean_Green
Ratio Mean value of an object divided by the sum of all spectral layer mean

values for the original image
Example for band SPOT-1: Ratio_Green

Brightness Mean value of the spectral mean values of an object Brightness
Max. diff. Minimum mean value of an object subtracted from its maximum value Max_diff
GLCM homogeneity Homogeneity texture of Haralick computed for a specific band of the

original or “Pansharp” (PAN) image
GLCM_HOMO_Green;

GLCM_HOMO_Pan_MIR
GLCM dissimilarity Dissimilarity texture of Haralick computed for a specific band of the

“Pansharp” (PAN) image
Example for band SPOT-1:

GLCM_DISS_(all dir) Green
GLCM mean Mean texture of Haralick computed for a specific band of the original

image
GLCM_MEAN_Green

Existence of
neighbor object

Existence of an image object assigned to as defined class next to the
object. True = 1, False = 0

Example for the class “shallow water”.
Existence of SWAMP-FINAL neighbor
objects (0)(m)

Relative border to The ratio of the border of an object shared with neighboring objects
assigned to a defined class to the total border length

Rel_border_to_Open Water

Shape index Border length of the image object divided by four times the square root
of its area. It describes the smoothness of the image object border

Shape index

Area Area of the object in the units of the georeferenced image

Table 4. Description of the attributes used for the wetland classification (SPOT-4 image).



spectrally more similar. For the fens, it appears to be more
difficult to distinguish low density pool complexes from high
density ones, but there was less of a problem making a
distinction among the “fen” subclasses than the “bog” class.

Validation of the results

The results were validated using the method developed by the
CWS-QC as part of the CWI project (Grenier et al., 2005; 2007).
This method was adapted from Morisette et al. (2004) and Green
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Figure 4. Wetland maps of the Eastmain site for (a) the entire study area and (b) a subset centered on the Ruisseau Natel peatland, and (c) a
SPOT-4 color composite for the same subset (bands 4, 3, 2 in R, G, B).

Class Other Bog Shallow water Open water Fen Marsh Swamp

Other 0.00 1.25 5.95 3.39 4.31 7.29 2.88
Bog 1.25 0.00 6.04 6.23 2.36 3.88 1.50
Shallow water 5.95 6.04 0.00 2.71 5.88 12.79 4.12
Open water 3.39 6.23 2.71 0.00 8.80 16.28 6.07
Fen 4.31 2.36 5.88 8.80 0.00 4.93 3.06
Marsh 7.29 3.88 12.79 16.28 4.93 0.00 3.02
Swamp 2.88 1.50 4.12 6.07 3.06 3.02 0.00

Table 5. Euclidean distance measured between the attributes defining the wetland classes (from
“feature space optimization”).



and Congalton (2004) and was supported by a field campaign in
July and August 2005. This method has the advantage of
allowing the sample to be allocated across the area, and
compensates for the lack of field surveys through the
interpretation of results on the data used for the analysis. The
allocation of the sample is then often limited to a very small area
(Fournier et al., 2007; Congalton, 2004). For object-based
classification, the reference unit is the object. The object may
sometimes cover a very large area, which can result in a
disproportionate effort to validate a sample that is representative
of the area. In addition, to ensure that the samples assessed for
the generation of the error matrix are representative of the
population (i.e., the classification), it is recommended that
sample allocation be done randomly throughout the area (Song
et al., 2005; Congalton, 2004). The ground surveys that were
acquired without considering an appropriate sampling plan may
affect the estimated error due to spatial autocorrelation of the
reference data (Wei and Chen, 2004).

The polygons to be evaluated were randomly selected based
on a stratified plan according to the wetland class, within
sampling cells systematically distributed over the entire image
(Grenier et al., 2005; Grenier et al., 2007). The selected
polygons were then examined without a label over the color
composite of the SPOT-4 image used for the classification. For
each polygon, an interpreter independent from the image
classification identified the class to which the polygon
belonged, using predetermined interpretation keys as well as all
the ancillary data that could provide information on the wetland
category. Interpretation keys are based on color, texture, and
spatial context as visually interpreted on the color composite.
The sample size was set to 50 polygons per wetland class,
which is a good compromise between the statistical
requirements and feasibility (Congalton and Green, 1999). All
of the polygons were taken into account for the “marsh” and
“fen” classes that respectively include 5 and 26 polygons over
the entire area being studied.
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Figure 5. (a) Pool mapping and (b) structure of vegetation cover mapping for the subset on the Ruisseau Natel peatland.

(a) Bog class

Bog: low density Bog: high density Bog : isolated pool Treed bog Open bog

Bog: low density pool complex 0.00 1.17 2.02 1.01 1.25
Bog: high density pool complex 1.17 0.00 1.27 2.72 3.25
Bog : isolated pools 2.02 1.27 0.00 2.96 3.04
Treed bog 1.01 2.72 2.96 0.00 0.31
Open bog 1.25 3.25 3.04 0.31 0.00

(b) Fen class

Fen: low density Fen: high density Fen: isolated pool

Fen: low density pool complex 0.00 2.20 5.43
Fen: high density pool complex 2.20 0.00 5.95
Fen: isolated pool 5.43 5.95 0.00

Table 6. Euclidean distance measured between the attributes defining the components of the (a) “bog” class (pools and structure
of the vegetation cover, from “feature space optimization”) and (b) “fen” class (pools only, from “feature space optimization”).



Table 7 shows the results of the validation in the form of an
error matrix, which is used to compare the classes obtained by
image classification with those determined by the independent
analyst based on the reference documents. The image
classification is then validated using a frequency chart that
cross-references the two polygon classifications (based on the
analyst (i.e., the reference documents) and the classification).
The correct identification percentage (column) and correct
designation percentage (line) are obtained for each class. For
example, 18.0% of polygons mapped as “other” were
interpreted as wetlands (commission) for only 8.9% of
polygons mapped as wetlands and interpreted as “other”
(omission). For the “bog” class, 78.7% of the validated
polygons identified for this class were correctly categorized
during image analysis. However, 96.0% of the polygons
designated as bogs by the classification were actually bogs. An
omission error of 21.3% indicates that “bog” polygons were
designated as another wetland class. The 4.0% commission
error for the “bog” class means that a small number of polygons
were categorized as “bog” while they belonged to another class.
Note that about 79.2% of the “fen” polygons designated by the
classification were actually fens, but that 26.9% of the
polygons identified as “fens” were in fact other classes; mainly
bogs, marshes, or swamps. Note that the “marsh” class had a
correct identification percentage of 100% but a commission
error of 40.0%. However, the small size of the sample does not
allow this class to be properly assessed. The “swamp” class had
84.0% of the mapped polygons correctly identified and 23.6%
of the reference polygons identified as “swamp” actually being
part of the “shallow water” class. This confusion can be
explained by the fact that these environments are often
contiguous and that the delineation between the two categories
is rarely clear-cut. This was also the case with the “bog” class
compared with the “other,” “swamp,” and “fen” classes. As
demonstrated with the Euclidian distance, the spectral
separability between the class “bog” versus “other,” “swamp,”
and “fen” classes was less than the others, which could explain

the slight confusion between these classes as expressed in the
error matrix. The overall accuracy of the classification was
84.7%, with a Kappa value of 81.6%. The Kappa index, or
coefficient of agreement, is used to measure the agreement or
accuracy between the remote-sensing-derived classification
map and the reference as indicated by the major diagonal and
the row and column totals (Congalton and Green, 1999). A
Kappa value between 40% and 80% represents moderate
agreement or accuracy between the classification map and the
reference information.

The mapping of the structure of vegetation cover was more
difficult. Despite the spatial resolution of the SPOT-4 images
(10 and 20 m) compared with the Landsat-ETM images (15 and
30 m), there were fewer spectral bands than Landsat-ETM,
which makes classification harder. The identification of the
“treed bog” and “open bog” subclasses required more manual
classification than the mapping of the five wetland and pool
classes. The overall accuracy for the “bog” subclasses and
“fen” subclasses was 81.1% and 81.2%, respectively, with
Kappa values of 76.0% and 66.3%, respectively (Tables 8 and
9). The “bog” subclasses were the best identified by the
classification. There was good distinction between the
vegetation structure classes, with user’s accuracy of 83.7% for
the “treed bog” class and 70% for the “open bog” class. The
“high density pool complex” class seemed less well defined
with a user’s accuracy of 60%, and there was confusion with the
two other pool classes. The pool classes inside “fen” wetlands
appear to be not as well categorized (Table 9). However, the
small sample that in fact corresponds to the number of
polygons associated with this class limits the ability of the
accuracy to be properly assessed.

Conclusion
Object-based classification using the top-down approach

allowed five major wetland classes to be quickly identified (i.e.,
bog, fen, swamp, marsh, and shallow water) with an overall
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Wetland classes

Reference (visual interpretation)

Bog Fen Swamp Marsh
Shallow
water Other

Open
water Total

Correct
designation

1 Bog 48 1 0 0 1 0 0 50 96.0
2 Fen 6 19 0 0 1 0 0 26 73.1
3 Swamp 2 2 42 0 1 2 1 50 84.0
4 Marsh 0 2 0 3 0 0 0 5 60.0
5 Shallow water 0 0 10 0 35 2 3 50 70.0
6 Open water 0 0 0 0 0 0 50 50 100.0
7 Other 5 0 3 0 0 41 1 50 82.0
Total 61 24 55 3 38 45 55 281
Correct identification 78.7 79.2 76.4 100 92.1 91.1 90.9 — —
Omission error (%) 21.3 20.8 23.6 0 7.9 8.9 9.1 — —
Commission error (%) 4.0 26.9 16.0 40.0 30.0 18.0 0 — —
Overall accuracy (%) 84.7
Kappa 81.6

Table 7. Confusion matrix for the seven classes mapped.



accuracy of 84.7%. The adaptation of the methodological
approach developed by Grenier et al. (2007) to the SPOT-4
image allowed components from the “bog” and “fen” classes to
be identified with an accuracy of 81%. However, note that
although the “bog” class seemed to have a spectral signature
close to “other,” “swamp,” and “fen” classes, it was the best
categorized with a user’s accuracy of 96%, followed by the
“swamp” class at 84%, “fen” class at 73%, “shallow water”
class at 70%, and “marsh” class at 60%. The “bog” class had
the largest surface area among the wetland classes in the
Eastmain area, which is in agreement with the study conducted
by Hydro-Québec Production (2005). The importance of this
class on the study area explains its variability. The hierarchical
approach eliminates confusion between the subclasses and dry
land areas by masking the classes not covered by the study or
larger in size and already included in a higher-level class.

The spatial resolution of the SPOT-4 images, panchromatic
at 10 m and multispectral at 20 m, made the bog components
easier to identify. The pool areas inside the “bog” and “fen”
classes were categorized based on three levels (i.e., “isolated
pools,” “high density pool complexes,” and “low density pool
complexes”) with an overall accuracy rate of 81.1% for bogs
and 81.3% for fens. The “bog” components had a user’s

accuracy rate (correct designation) greater than 70%, except for
the “high density pool complex” class, which had an accuracy
rate of 60% due to the confusion with the “isolated pool” and
“low density pool complex” classes. The accuracy of the “fen”
subclasses was difficult to assess correctly since the number of
polygons was too small. Lastly, the pool mapping inside the
“bog” and “fen” classes allowed the classification to be fine-
tuned by eliminating “other” portions from the bog complexes.
The Euclidian distance calculated between classes shows that
they represent different spectral features that correspond to
definite classes.

Although the SPOT-4 images, with a finer spatial resolution
than the Landsat-ETM images, were used to identify the
wetland components, they provided a level of detail such that
the segmentation is more difficult to tailor to the objects of
interest. Peatlands are heterogeneous, where bogs are
composed of bryophytes such as Sphagnum and other mosses,
shrubs (ericaceous), and trees (black spruce and larch), whereas
fens are dominated by brown mosses, few Sphagnum, low
herbaceous vegetation, and a few shrubs. The SPOT-4 images
capture these details, which relative to ETM take the form of a
mixed signal that makes it more difficult to tailor the segment to
the object of interest since the heterogeneity reduces the
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Wetland classes

Reference (visual interpretation)

Bog: low
density

Bog: high
density

Bog: isolated
pool Treed bog Open bog Other Total

Correct
designation

1 Treed bog 0 0 0 41 4 4 49 83.7
2 Bog: low density pool complex 30 5 2 0 0 0 37 81.1
3 Bog: high density pool complex 4 12 4 0 0 0 20 60.0
4 Bog: isolated pool 0 1 49 0 0 0 50 98.0
5 Open bog 1 0 0 12 35 2 50 70.0
Total 35 18 55 53 39 6 206
Correct identification 85.7 66.7 89.1 77.3 89.7 — — —
Omission error (%) 14.3 33.3 10.9 22.6 10.3 — — —
Commission error (%) 18.9 40.0 2.0 16.3 30.0 — — —
Overall accuracy (%) 81.1
Kappa 76.0

Table 8. Confusion matrix for the components of the “bog” class (pools and structure of the vegetation cover).

Wetland classes

Reference (visual interpretation)

Fen: low
density

Fen: high
density

Fen: isolated
pool Total

Correct
designation

1 Fen: low density pool complex 14 3 1 18 77.8
2 Fen: high density pool complex 1 11 1 13 84.6
3 Fen: isolated pool 0 0 1 1 100
Total 15 14 3 32
Correct identification 93.3 78.6 33.3 — —
Omission error (%) 6.7 21.4 66.7 — —
Commission error (%) 22.2 15.4 0 — —
Overall accuracy (%) 81.3
Kappa 66.3

Table 9. Confusion matrix for the components of the “fen” class (pools only).



contrast. Segmentation allows the analyst to convert the scene
into several small and homogenous spatial objects. The image
with the best spatial resolution generally adjusts best to the
object of interest, but in the case of wetlands, since
classification data are principally images, emphasis is placed
on spectral characteristics rather than form to drive
segmentation. The SPOT images have a less specific spectral
definition than Landsat-ETM images, which could explain the
greater effort needed to adjust the segment to the object of
interest and the use of more attributes for classification.
However, the comparison of the attributes showed that the
regions of the spectra that are optimal for the identification of
wetlands, namely blue band (0.50–0.59 µm), green band (0.61–
0.68 µm), and mid-infrared band (1.58–1.75 µm), are covered
by the spectral resolution of the SPOT-4 images.

In the context of operational mapping aimed at identifying
the wetlands in a given area, Landsat-ETM images combined
with RADARSAT-1 images demonstrated their capacity to
adequately identify wetlands in terms of both type and spatial
extent. However, the definition of wetland components is
optimal when the sensor’s resolutions match the objects of
interest. In the case of the SPOT-4 image, the spatial resolution
allows elements that are equal to or greater than 0.09 ha,
considering a group of 3 × 3 pixels of 10 m to be distinguished,
whereas a Landsat-ETM image is limited to a spatial resolution
of 0.56 ha for a 25 m pixel and of 0.20 ha when merged with the
panchromatic band (15 m). Because nine SPOT images are
needed to match the coverage of a single Landsat scene, large-
scale mapping projects could be optimized by the use of SPOT
in helping validate the results by identifying the components to
confirm the type of wetlands. It takes 1.5 more time to classify
a SPOT image compared with a Landsat image, mainly caused
by the time associated with the creation of homogenous
objects, the identification of attributes, and the size of the
image to be analyzed (number of pixels). The similarity
between attributes used by Landsat/RADARSAT-1 and SPOT
mapping methods shows that the top-down object-based
classification approach can be tailored to different data and
situations. Grenier et al. (2007) demonstrated that the same
attributes could be used for different types of wetlands located
in different ecozones. This method can then be easily
transferable to other regions.

Classification of the different wetland types, including pools
and terrestrial peatland vegetation, characterized in this study
will be used to derive regional carbon budgets from the
different morphological patterns on the peatlands. Since the
mapped morphological pattern classes correspond to CO2 and
CH4 fluxes having been directly measured on the field,
mapping of the wetlands using remote sensing will allow
attribution of carbon fluxes values to the five classes of bogs
and to the three classes of fens based on their regional
classification. Once regionalized, the carbon fluxes data will be
compared with the data obtained with another and more
sophisticated technique of fluxes measurement: the Eddy
covariance tower. Two Eddy covariance towers have been
installed in the Eastmain region (one on an island into the

hydroelectric reservoir and another one over a forested area)
and measure yearly the carbon uptake and release on a 24-hour
basis. The carbon budgets measured from the two techniques
will then be compared and more accurate results will be
transferred to the regional wetland map.

The geographical object-based classification of wetlands
using a top-down approach is flexible, can or could be adapted
to other ecozones, and gives great latitude of application. As
demonstrated in this study, the method that was initially
developed under Landsat/RADARSAT images was
successfully applied to a SPOT image in a different ecological
context. Therefore, this approach has great potential not only
for various contexts but also at different scales and using
different sensors.
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