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Abstract
In this paper, the use of object-based image classification of winter imagery and summer imagery is compared. In previous
research it was found that object-based image classification of SPOT-5 2.5 metre panchromatic imagery acquired during the
summer months was an effective approach to identify Prairie shelterbelts in remote sensing imagery. It was hypothesized that
shelterbelts would stand out darkly against the snow-covered ground. The increase in image contrast between the trees and the
surrounding landscape would improve the classification accuracy. It was found, however, that the object-oriented classification
performed more poorly with winter imagery than with summer imagery. It was determined that this was due to the lack of
contrast between shelterbelt trees with a sparse distribution of limbs and branches and the snow-covered ground.

Introduction
Shelterbelts are an integral part of the Prairie landscape, yet
management of this important resource has been difficult due to
the lack of knowledge about their locations and numbers. Shelterbelts or windbreaks are barriers that are used to reduce wind
speed. Shelterbelts are typically composed of trees or shrubs, although other perennials, annual crops or grass, fences and other
materials can also be used (Brandle et al. 2004). Shelterbelts are
planted in rows perpendicular to the main wind direction in a
given area. Shelterbelts have been used to mitigate the effects
of soil erosion due to wind, protect homes crops and livestock
from the wind, control snow blowing over roads and highways,
and provide wildlife habitat (Wiseman et al. 2007).
Furthermore shelterbelts have been viewed as carbon sinks.
Sedjo (1989) and Brandle et al. (1992) examined the potential
of tree planting for carbon sequestration. Sedjo (1989) estimated
that if 465 million hectares of new forests were planted worldwide, 2.9 billion tonnes of carbon emissions could be removed
from the atmosphere. In research on the Canadian Prairies, Kort
and Turnock (1999) estimated how much carbon could be reISSN 1911-5814

moved from the atmosphere by prairie shelterbelts. They found
that shelterbelts represent a significant carbon reserve on the
agricultural prairie landscape (Kort and Turnock 1999) and concluded that a shelterbelt program that planted six million trees
a year could sequester 0.4 million tonnes of carbon (Kort and
Turnock 1999).
Agroforestry, which includes shelterbelt planting, represents
the largest net gain of carbon per unit land area, which does not
interfere with any other agricultural activity. Schoneneberger
(2009) notes that this is due to the fact that since no new forests
would be created there would be no loss of agricultural land.
Agriculture would remain the main focus of land use and shelterbelts added to that landscape would be able to, “sequester carbon over and beyond, of agricultural lands in their natural state”
(Schoneberger 2009, 29).
The Canada National Reports on Climate Change have developed several policies to mitigate the levels of CO2. One such
program was the Shelterbelt Enhancement Program (SEP) mentioned in the 2006 National Report (Environment Canada 2006).
The goal of this program was to create 8,000 linear km of new
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tree and shrub plantings, consisting of riparian, field and farmyard shelterbelts on agricultural lands in the Prairie region. By
March 2005 the program created 2,895 linear km of shelterbelts
at a cost of 4 million dollars (Environment Canada 2006). Although the SEP program ended in 2007, it showed that planting
trees on the Prairie landscape is a cost effective way to sequester
CO2.
The use of high resolution satellite imagery along with object-based image classification software is a new paradigm in
image processing methodology (Oruc et al. 2004). Object-based
classification differs from traditional pixel-based classification
by examining the spatial characteristics of features along with
their spectral properties. While pixel-based classification segments an image by comparing the spectral values of each individual pixel to a known area of pixels in the image, object-based
image classification makes inferences about objects by looking
at them in context to the surrounding objects (Definiens 2007).
In the past decade the increase in high resolution imagery has
meant that object-based classification methods have become preferred over pixel-based methods mainly due to pixel value variation within an object or area (Carleer and Wolff 2006; Blaschke
2010). In comparison studies done by Platt and Rapoza (2008)
and Oruc et al. (2004) it was found that object-oriented land use
classifications were more accurate than pixel-based classifications. When combined with expert knowledge of the landscape,
these numbers escalated dramatically.
Object-based analysis in the field of forestry has become
more popular over the past decade. Many studies, including
Dorren et al. (2003), Heyman et al. (2003), Yu et al. (2006),
Lackner and Conway (2008) and Xie et al. (2008), have shown
that object based classification procedures produce results more
accurate than traditional pixel based approaches. Although these
forestry studies were successful, it should be noted that agroforestry differs from regular forestry activities due to the spatial
structure of the shelterbelt, necessitating the use of more spatial
features than spectral features. As a result there is very little research on the object-based classification of shelterbelts in agroforestry systems.
Attempts have been made to develop methods to properly
create an inventory of shelterbelts across the Prairies. For example, Wiseman et al. (2007) were able identify shelterbelts
in high-resolution aerial photography with object-based image
classification at an accuracy of 95.8%. Although that study was
able to identify shelterbelts with high accuracy for a small area,
the cost of acquiring appropriate air photos and the processing
time required to classify the shelterbelts restricts the application
of that method for larger areas.
Pankiw et al. (2008) developed an alternative shelterbelt
identification method using 2.5 metre panchromatic imagery from the SPOT-5 satellite and object-based classification
that could potentially be applied across entire provinces. The
strength behind this approach was the availability of satellite
orthorectified imagery for all of Manitoba and Saskatchewan,
thereby reducing the financial resources needed for data acquisition and the processing time needed to prepare the imagery for
classification. The principal limitation of using these data was
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the lack of multispectral (i.e., colour) information. The results
showed that when using the SPOT-5 2.5 metre panchromatic imagery a classification accuracy of 84 percent could be achieved.
While this accuracy was not as high as that in the Wiseman et al.
(2007) study, the authors concluded that the reductions in data
costs and processing times outweighed the benefits of the higher
accuracy.
Research on shelterbelt classification using object-based
methods is not limited to the Canadian Prairies. In a Kansas
study Dulin (2009) set out “to rapidly classify windbreaks using object-based classification on County Composite Mosaic
(CCM) aerial imagery, to develop a secondary classification to
assess windbreak condition (good, fair, poor) and determine the
number of acres/hectares that exist in each class, and to identify windbreaks located on highly erodible and impaired soils.”
(Dulin 2009,4). There was considerable confusion between
windbreaks/shelterbelts and riparian areas, ditches, and some
croplands. Dulin (2009) concluded that when supervised multispectral classification is used in concert with the object-oriented approach, a considerable gain in accuracy can be achieved.
Another observation made by Dulin was that the boundaries
of windbreaks were not consistent with the actual boundaries
found on the ground and that the entire area of most shelterbelts
was not completely classified. Recognition of boundaries was
difficult because identifying snags, gaps and poor growing conditions was complicated.
The accuracy reduction in the Pankiw et al. (2008) study
was primarily a result of commission errors as non-shelterbelt
objects were included as part of a shelterbelt classification. It
was found that most of the errors occurred due to the lack of
contrast between the shelterbelts and the surrounding landscape.
In particular, the lack of spectral and spatial contrast between
grass ditches and some harvested fields with shelterbelts led to
incorrect classifications on numerous occasions. As a result, the
authors recommended the acquisition of winter imagery where
it was hypothesized that the shelterbelts would appear in dark
tones, in stark contrast to the light, snow-covered background.
The objective of the present study, then, was to compare the efficacy of summer and winter SPOT-5 2.5 metre panchromatic
images for classifying Prairie shelterbelts.

Study Area and Data
Study Area
The study area was located approximately 25 km east of the
town of Biggar, Saskatchewan, in the Rural Municipality of Biggar No. 347 (Figure 1). The physical location of the site is in
township 36 range 17 west of the 3rd Meridian. The area was
selected due to the presence of an even mix of field and farmyard shelterbelts. This site was also selected to be coincident
with the study area used in Pankiw et al. (2008). Figures 2 and
3 show the appearance of the study area in both summer and
winter imagery, respectively. Note the higher contrast visible in
the snow-covered image in Figure 3.

40

Prairie Perspectives: Geographical Essays (Vol: 13)
sufficient snow cover at the site location to allow for a robust
analysis. In addition to the remote sensing data, building point
shapefiles from the National Topographic System (NTS) were
also used to identify farm structures. All three data sets were
projected to the Universal Transverse Mercator (UTM) grid
(zone 13U; NAD 1983).

Analysis Methods
A Definiens Imaging, Developer 7.0 object-based classifier
was used to identify the shelterbelts on the satellite images. The
object-based classification process was broken down into two
steps: segmentation and classification
Segmentation
Segmentation is the foundation for an object-based classification. It is the process of subdividing an image which is represented as discrete pixels into image objects. The segmentation procedure is controlled by three unitless parameters: scale,
smoothness, and compactness (Definiens 2007). The scale parameter determines the size of the image objects found. For
example, setting a larger scale value would lead to the segmentation of an entire woodlot rather than individual trees. The
smoothness parameter is used to identify image objects based on
the smoothness of their borders. For example, objects from built
environments would be favoured by higher smoothness values
over natural features. Lastly, the compactness parameter is used
to optimize image objects based on their relative shapes. For
example, circular features are more compact than linear objects.
Shelterbelts are typically planted for two reasons: (i) to reduce soil erosion and protect soil moisture along field boundaries – “field shelterbelts”; and (ii) to reduce wind and blowing
snow around farm dwellings – “farmyard shelterbelts”. Since
these shelterbelt types have very different spatial morphologies,
two different segmentation procedures were required in this
analysis. Field shelterbelts tend to be long, linear, and run parallel to the east-west and north-south orientation of the Dominion Land Survey land tenure system. Previous research showed
that segmenting these features required a scale parameter of 45
and shape and compactness values of 0.5 (Pankiw et al. 2008)
(Figure 4). Farmyard shelterbelts were best identified with a
smaller scale value of 25 and shape and compactness values of
0.5 (Figure 5).

Figure 1: Study area location.

Data
In this study three different data sets were utilized. The first
is a SPOT-5 Panchromatic 2.5 metre image that was acquired on
July 11, 2006 (Figure 2). The second data set was also a SPOT-5
Panchromatic image with 2.5 metre spatial resolution that was
acquired on April 11, 2009 (Figure 3). Although the acquisition
date of the winter image was late in the season, there was still
ISSN 1911-5814

Classification
The segmentation analysis produced many “candidate” shelterbelt objects in the image, some of which were true shelterbelts, and many more that were other features. The second step
in the analysis procedure involved evaluating the spatial attributes of these candidate objects and classifying them as field
shelterbelts, farmyard shelterbelts, or neither. By noting that
field shelterbelts typically appeared on the imagery as long, narrow rectangular strips and farmyard shelterbelts were commonly visible as square rings of trees, the spatial attributes of asymmetry, size/area, and orientation of the candidate objects were
evaluated. Asymmetry was calculated as the ratio of the vari41
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Figure 2: Summer imagery.

Figure 3: Winter imagery.
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Figure 4: Winter and summer field shelterbelt segmentation.

Figure 5: Winter and summer farmyard segmentation.

ance of the object’s length to the variance of its width (Definiens
2007). The closer an object’s asymmetry value was to 1.0, the
more asymmetrical (i.e., less circular) that feature was. An object’s shape index was determined by dividing the length of its
border by four times the square root of its area (Definiens 2007).
Objects with a shape index close to 1.0 have very smooth borders, while irregular objects will have higher shape values. Due
to the very different spatial morphologies of field and farmyard
shelterbelts, they needed to be classified in separate procedures.
Since most field shelterbelts have long and narrow shapes,
they tend to be very asymmetrical and only those candidate objects with an asymmetry value above 0.9 were retained in the
analysis (Wiseman et al. 2007). Furthermore, it was noted that
ISSN 1911-5814

field shelterbelts were relatively narrow, so all candidate objects
that had widths of more than 25 metres were removed from the
classification. The third spatial attribute that was used to classify
field shelterbelts was their orientation. All candidate objects that
were not oriented in an east/west or north/south direction were
removed. The objects that remained were then classified as field
shelterbelts (Figures 6 and 7).
Farmyard shelterbelts were processed separately from field
shelterbelts. To start, only those candidate objects with asymmetry values of more than 0.8 and shape indices of 1.5 to 3.5
were considered to be farmyard shelterbelts; the other objects
were discarded. It was noted that while many of the remaining objects did define farmyard-like features, they remained
43
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Figure 6: Summer field shelterbelt classification.

Figure 7: Winter field shelterbelt classification.

segmented as clusters of smaller objects. Consequently, a merge
function was implemented to join adjacent objects together. After the merge, only those objects with an area of less than 5000
m2 were retained in the classification. In order to separate true
farmyard shelterbelts from small clusters of natural vegetation,
the NTS building footprint locations were buffered to 250 m and
then spatially intersected with the candidate objects. The objects that remained were then classified as farmyard shelterbelts
(Figures 8 and 9).
The same segmentation and classification procedures were
used to process the summer and winter imagery.
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Manual Classification
To validate the results of the object-oriented classification
each farm and field shelterbelt visible in the study area was
manually digitized on the summer imagery. As a result of the
different spatial composition of the field and farmyard shelterbelts, their classification accuracies needed to be determined
separately.
For field shelterbelts, the total number of field objects was
compared to the manual count. The results were broken down
to three categories, fully classified (shelterbelts that were totally
classified), partially classified (shelterbelts that were mostly
classified but had some parts missing), and not classified (shelterbelts that were minimally classified or not classified at all).
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Figure 8: Summer farmyard shelterbelt classification.

Figure 9: Winter farmyard classification.

Farmyard shelterbelts often had gaps between clusters of
trees and a single manually-identified farmyard shelterbelt frequently corresponded with two or three clustered object-oriented farmyard shelterbelts. Consequently, farmyard shelterbelt
accuracy was assessed as a comparison of the total classified
area between the manual and object-oriented methods.
A determination of the commission error was made by comparing the number of falsely classified objects with the number
of shelterbelts that were correctly classified. The omission error
rate was calculated as the percentage of actual shelterbelts not
detected by the object-oriented classifier.
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Results and Discussion
The manual classification found 79 field shelterbelts in the
study region. The total farmyard shelterbelt area was determined to be 497,665 m2.
An assessment of the object-oriented classification of field
shelterbelts in the summer imagery revealed 68 percent to be
fully classified, while only 62 percent of the field shelterbelts
in the winter image were fully classified. Shelterbelts that were
only partially classified also had a higher accuracy in the summer than in the winter: 20 percent compared to 15 percent, respectively. When taking the fully and partially classified field
shelterbelts in total, it was found that 88 percent of shelterbelts
in the summer imagery were at least partially classified while
the winter image had only 77 percent that were at least partially
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classified (Table 1). Thus, there was an omission error rate of 12
percent for the summer imagery and 23 percent for the winter
imagery. The commission errors, however, were 25 percent in
the summer and only 12 percent in the winter (Table 2).
The original hypothesis behind this research was that shelterbelts should stand out in dark contrast to a white snow cover
in winter imagery. This was confirmed with lower winter commission errors, showing that the snow cover was beneficial in
covering up features, such as grass ditches and harvested crops
that were being confused with field shelterbelts in the summer.
However, there was a striking increase in omission errors in the
winter. Upon further investigation, it was found that this was
due to the lack of contrast between shelterbelt trees with a sparse
distribution of limbs and branches and the snow-covered ground
(Figures 10 and 11).
The accuracy assessment of the farmyard shelterbelts
showed 71 percent of the area to be correctly classified in the
summer image compared with 57 percent in the winter (Table
3). Thus, omission error rates were 29 percent for the summer
imagery and 43 percent for the winter imagery. It was found that
22 percent of objects classified as farmyard shelterbelts in the
summer imagery were not actually shelterbelts. This commission error was 29 percent in the winter scene (Table 4).
For farmyard shelterbelts, therefore, the summer imagery
provided superior classification results than the winter imagery
(Figures 12 and 13). Part of the reason for this was the presence
of significant patches of melted snow areas within farmyards
that provided little contrast with the shelterbelt trees in the winter imagery. This was not as big an issue in the summer.

Table 1: Field Shelterbelt Classification Accuracy: Omission Errors

Table 2: Field Shelterbelt Classification: Commission Errors

Table 3: Farmyard Shelterbelt Classification Accuracy: Omission Errors

Conclusions
The underlying hypothesis of this research was that shelterbelts should stand out in dark contrast to a white snow cover in
winter imagery. This study found, however, that for both field
and farmyard shelterbelts an object-oriented classification performed more poorly with winter imagery than with summer imagery. It was determined that this was due to the lack of contrast
between shelterbelt trees with a sparse distribution of limbs and
branches and the snow-covered ground. Thus, the original hypothesis has been shown to be incorrect.
Even when the contrast between the surrounding landscape
and the shelterbelts is increased, as was investigated here, there
is still a portion of shelterbelts that cannot be classified. It has
become evident that the limiting factor in using the SPOT-5 2.5
metre panchromatic imagery for object-oriented classification of
shelterbelts is the lack of spectral information. Future studies
should be directed at incorporating multispectral information,
even from sources with lower spatial resolutions, with the panchromatic imagery.
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Table 4: Farmyard Shelterbelt Classification Accuracy: Commission
Errors
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Figure 10: Final summer field shelterbelt classification.

Figure 11: Final winter field shelterbelt classification.

Figure 12: Final summer farmyard shelterbelt classification.

Figure 13: Final winter farmyard shelterbelt classification.
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