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Abstract:Dominion Land Survey (DLS) township diagrams and surveyor
notebooks represent the most comprehensive documentation of preEuropean settlement landcover for much of western Canada. The intent
of this research is to develop a GIS-based methodology for utilizing these
data in conjunction with contemporary physiographic and edaphic data
to objectively reconstruct pre-European settlement landcover. The
relationships between known pre-settlement landcover from DLS
township diagrams and contemporary landform and soil characteristics
are established and logistic regression analysis utilized to predict landcover
type. Two alternative approaches to applying the resulting regression
model were evaluated resulting in overall classification accuracies of 60
and 73 percent.

Introduction
One must understand the past in order to appreciate the present
and predict the future. This adage is certainly germane to an
understanding of the complex relationships between landcover and
landuse change. An understanding of the ways in which landuse
practices have evolved and influenced landcover over time is a
prime concern of the resource management community.
Characteristics of landcover have important impacts on climate,
soils, hydrology, and the diversity and abundance of biotic
organisms (Hastings and Turner, 1965). Therefore, the ability to

284

Prairie Perspectives

reconstruct past and predict future landcover change is essential
for managing the natural environment.
The Dominion Land Survey:
The first survey of Canada’s prairies under the Dominion Lands
Survey commenced in 1869 and within 30 years most of the arable
land had been parceled out into farm-sized quarter sections
(MacGregor, 1981). Although the physical subdivision of the land
was of primary concern, surveyors had a number of other tasks to
perform. The most notable of these tasks was the collection of data
in the form of surveyor’s field notebooks and the closely related
township diagrams (Figure 1). These were probably the finest and
most comprehensible data collected by the Department of the
Interior during its administration of the Dominion Lands Survey
(Tyman, 1995).
Surveyors’ notebooks and original township diagrams provide
a valuable source of information for landcover reconstruction.
Considering the amount of qualitative and quantitative data they
provide, the resolution at which they were collected, and the
immense area they represent, the records of the Dominion Land
Survey must be considered the most comprehensive set of data
available regarding pre-settlement landcover conditions in western
Canada.
Methods of Landcover Reconstruction Using DLS Data:
Landcover reconstruction is a very intricate part of trying to
understand how landuse and management affect the environment.
Therefore, the scientific methods underlying landcover
reconstruction must be objective and replicable. Research on
landcover reconstruction using DLS township diagrams and
surveyor notebooks has historically been subjective and very much
influenced by the Gestalt method. This method is based mainly on
visual interpretation with little or no objective consideration of
associated factors such as physiography, soils, or vegetation;
producing regions based on subjective judgment rather than explicit
rules (Bailey, 1996). This methodology relies heavily on the
researchers artistic ability and an intimate knowledge of the area in
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Figure 1: Example of first edition DLS township diagram.

question and, provided this is the case, may produce valuable results
(Sobkowitch, 1998; Hamilton and Nicholson, 1999; Hanuta, 2000).
Bailey (1996) suggests that the result of such methods, where
no rules exist for recognizing regions, are essentially toponymic
regions, classified by the places themselves rather than by objective
criteria that characterize individual regions. Further, he argues that
regions established without acknowledging the criteria examined
in their classification are difficult to convey effectively to others
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and essentially impossible to evaluate or duplicate. Methods that
consider explicit criteria for distinguishing between regions of
differing landcover are required to produce results that are both
comprehensible and easily repeated. That is, objectivity must be
exercised if a state of scientific predictability is to be attained by
research in landcover reconstruction (Bailey, 1996).
Toward this purpose, more objective methods of landcover
reconstruction using DLS data have evolved. Tracie (1992) and
Archibold and Wilson (1980) employ original DLS township
diagrams and notes to aid in reconstructing pre-settlement landcover.
Although at differing resolutions, both methodologies used the
north-south transects on township diagrams depicting actual presettlement landcover to calculate the proportion of grassland,
woodland, scrub, wetland, and so on. From this, the landcover
composition of each transect segment was determined and the
adjacent sections classified accordingly. While the spatial detail
attainable on the resulting landcover reconstructions was relatively
low, and the final product arguably less aesthetically pleasing than
more artistic subjective renditions, these methods are replicable
and objective, and results from different geographic areas may be
compared statistically.

Objective
Contemporary researchers have access to technologies not
available to earlier investigators. One of the most valuable tools at
their disposal is geographic information systems (GIS). Not only
does GIS facilitate the integration and interpolation of compiled
data, but also promotes objectivity. The successful application of
GIS for landcover reconstruction and landuse change analysis
represents an alternative approach that supports the development
of an objective and replicable research methodology.
The objective of this research is to develop a methodology for
reconstructing pre-settlement landcover utilizing GIS technology.
The study incorporates ancillary data to guide the landcover
reconstruction. The parameters that are considered are those related
to characteristics of the environment that have remained relatively
unchanged since European settlement; specifically, landform and
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soil characteristics. The relationships between landcover type and
landform and soil characteristics are established through the use of
logistic regression analysis to identify areas that possess a
combination of edaphic and physiographic characteristics favorable
to the occurrence of a specific landcover type. Once the relationship
between independent variables (i.e. physiographic and edaphic
parameters) and the dependent variable (i.e. landcover) is
established in a training area, it is hypothesized that the type and
distribution of pre-settlement landcover can be predicted in adjacent
test areas where similar relationships between landform, soils, and
landcover type exist.

Study Area
The study area consists of two adjacent municipalities located
south of Riding Mountain National Park in southwestern Manitoba
(Figure 2). These are the Rural Municipality of Clanwilliam (Twp.
17 and 18, Rng. 17 and 18, W 1) and the Rural Municipality of
Harrison (Twp. 19 and 20, Rng. 16, 17, and 18, W1).
The area is characterized by elements of the Mid-Boreal
Uplands, Boreal Transition, Aspen Parkland, and Lake Manitoba
Plain ecoregions and includes highland plateaus, rolling forested
hills and meadows, wetlands, lakes, and streams (Canadian
Biosphere Reserve Association, 1998).
According to Ahrens (1994), the climate is humid continental
with cool summers and cold winters. Mean daily temperatures
range from approximately 15.5°C in July and August to –20.6°C
in January. Mean annual precipitation is approximately 476mm,
the majority of which falls in July and August.
Surficial geology is dominated by extensive end moraine and
ground moraine deposits with intermittent lacustrine and
glaciofluvial deposits (Klassen, 1979). Three dominant soil
associations occur throughout the study area. These are the Onanole/
Rackham Association of glaciolacustrine origin, the Granville/
Waitville Associations developed from deep, moderate to strongly
calcareous moraine deposits, and the Bog/Half Bog soils occurring
in depressions and low lying areas (Erhlich, 1958).
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Figure 2: Location of study area (modified from McGinn, 2000).

Methodology
The methodology used is comprised of four principle stages.
First, data are collected and compiled to create the themes for both
dependent and independent variables. Secondly, the relationships
existing between landcover and edaphic and physiographic
parameters are calculated through logistic regression. Next, these
relationships are utilized to create a series of predictive grids and ,
finally, these grids are subsequently incorporated into two different
landcover reconstruction approaches.
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In order to evaluate the resulting regression model and overall
landcover reconstruction methodology, the regression model was
first developed utilizing landcover, landform, and soil data
assembled for the R.M. of Clanwilliam. The resulting regression
model was then evaluated using landform and soils data assembled
for the adjacent R.M. of Harrison. The overall classification
accuracy was then evaluated by comparing the predicted landcover
against actual landcover derived from DLS township diagrams and
surveyor notebooks.
GIS Database Development:
The data used to identify actual pre-settlement landcover along
survey line transects was extracted from DLS township diagrams.
A scanner was used to digitally acquire the diagrams and prepare
them for entry into the GIS. The images were then rectified and
actual pre-settlement landcover depicted adjacent to survey line
transects was on-screen digitized to produce a vector polygon theme
in the GIS. The resulting polygons were classified using nominal
values of “forest,” “wetland,” and “prairie/grassland” to describe
the type of landcover occurring at specific locations along section
lines.
Data from reconnaissance soil surveys were combined with
existing soil coverages acquired from Agriculture Canada to produce
the soil theme of the study area. The attributes that have a perceived
effect upon the distribution of landcover were appended to the
existing soil coverage. The attributes selected were: 1) average
solum depth or the average depth of the upper horizons (usually
horizons A and B) of a soil above the parent material in which the
processes of soil formation are active; 2) estimated permeability or
hydraulic conductivity (cm/hr), which is the effective flow velocity
or discharge velocity in soil; 3) depth of engineering division 1
(cm) or the depth of the first major soil division or horizon; 4)
average soil pH of engineering division 1, and; 5) percent organic
matter (Eilers and Lelyk, 1990). These five edaphic attributes were
then individually converted into their own independent grid themes
in ArcView.
Physiographic variables were derived by digitizing contour lines
from 1:50,000 topographic maps of the study area. A TIN, or
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triangulated irregular network was generated from the resulting
contour theme, which in turn was converted to a grid coverage
with a 4 m grid cell resolution. The grid was then used to create
themes depicting slope, aspect and a measure of local variability of
topography determined by calculating the standard deviation from
the mean elevation of the study area.
Logistic Regression Analysis:
In logistic regression, the magnitude of occurrence of the
phenomenon being modeled by the dependent variable is unknown.
Instead, the dependant variable is nominal and dichotomous; that
is, the form of the dependant variable is, in this case, the presence
or absence of forest, wetland, or prairie/grassland. The independent
variables are interval or ratio level data describing the characteristics
of, in this case, the eight independent variables previously described.
Logistic regression is then used to predict the probability with which
a phenomenon will exist at un-sampled locations; in this case, the
areas of unknown landcover between section lines.
The eight grid coverages representing the independent variables
were combined into a single multivariate data structure referred to
as a stack using ArcInfo GRID module MAKESTACK command.
This stack and grids representing each of the dependant variables,
that is, the presence or absence of forest, wetland and prairie/
grassland, were then entered into the SAMPLE function of ArcInfo’s
GRID module. The SAMPLE function was used in order to generate
a random sample of points each possessing a particular value for
the eight independent variables and one independent variable. This
was performed three separate times, once for each of the three
different dependent variables. The resulting ASCII files created
using the SAMPLE function were then entered into the
REGRESSION command using the LOGISTIC option.
The results of the REGRESSION command are a regression
constant and eight coefficients, one for each independent variable
included into the sample file. These coefficients estimate the effects
of the independent variable on the dependent variable across the
levels of the other independent variables (Jaccard et al., 1990). Thus,
these coefficients represent the relationships that existed between
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landcover and physiographic and edaphic variables (independent
variables) in the R.M. of Clanwilliam.
Predictive Grids:
The coefficients and regression constant produced for each
dependent variable through logistic regression were then entered
into a predictive equation to create three probability grids, one for
each of the three landcover types. The calculated cell values for
each grid theme indicated the probability of occurrence of forest,
wetland, or prairie/grassland having existed there prior to European
settlement.
Alternative Methods For Landcover Reconstruction:
Two alternative approaches to applying the resulting regression
model were evaluated. Each approach differed only in terms of the
estimated probability at which a particular grid cell was assigned
to a specific landcover class. The first approach used a 70 percent
rule in which the estimated probability of a grid cell belonging to
any landcover class had to be equal to or greater than 70 percent to
be classified, or it would be left unclassified. In the second approach,
called the original proportions approach, the proportion of each
landcover type indicated along survey transects was determined.
The regression equation was then applied such that different
probability levels were selected as “cut-offs” for each landcover
type. By selecting such “cut-offs” a landcover composition
comparable to estimated proportions of original landcover would
be reconstructed.

Results
Once landcover was reconstructed for the R.M. of Clanwilliam
the model was evaluated by applying it to the R.M. Harrison. The
reconstructed landcover maps produced by both the 70 percent rule
and original proportions approaches (Figures 3 through 6) were
evaluated for their accuracy by comparing predicted to actual
landcover for the R.M. of Harrison derived from DLS township
diagrams and surveyor notebooks. In addition, the distribution of
predicted landcover for the R.M. of Clanwilliam was evaluated by

Figure 3: Clanwilliam landcover reconstruction, 70% rule.
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Figure 4: Clanwilliam landcover reconstruction, original proportions method.
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Figure 5: Harrison landcover reconstruction, 70% rule.
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Figure 6: Harrison landcover reconstruction, original proportions method.
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comparing it with the calculated proportions of original landcover
from the DLS township diagrams.
Application of the regression model using the 70 percent rule
resulted in an overall classification accuracy of 56% for the R.M.
of Harrison (Figure 5). In general, the performance of the 70 percent
rule is felt to be less than satisfactory since it failed to predict
landcover for nearly half of the total area of Harrison and
Clanwilliam municipalities (Figures 3 and 5). As well, the
proportion that each landcover type encompassed differs greatly
from the original landcover composition. For example, the predicted
landcover in Clanwilliam municipality consists of approximately
53% forest, 19% wetland, and 28% prairie/grassland while original
landcover depicted along transect lines consisted of 82% forest,
17% wetland, and 1% prairie/grassland.
Further examination revealed that despite an incomplete
reconstruction of the landcover, the 70 percent rule did reconstruct
landcover in a realistic manner. That is, forest is predominantly
found in areas higher in elevation, wetland coincides well with the
distribution of wetland areas, and prairie is interspersed throughout.
Evaluation of the original proportions approach resulted in an
overall classification accuracy of approximately 68% for the R.M.
of Harrison (Figure 6). Examination of the predicted landcover for
Clanwilliam using the original proportions rule suggests that a more
comprehensive reconstruction has been achieved (Figure 4). The
predicted landcover clearly shows a realistic distribution of
landcover classes similar to that depicted on the original township
diagrams. That is, forest dominates, particularly in areas of higher
elevation, wetland is distributed in close proximity to lakes and
streams, and prairie is sparsely distributed throughout the area.

Conclusion
The results of this study suggest that the application of GIS
technology and logistic regression analysis for reconstructing presettlement landcover from DLS township diagrams is promising.
The overall accuracies of the two approaches used were 56% and
68%. The original proportions method, in which the original
proportions of each landcover type were used to select “cutoffs”
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for assigning grid cells to landcover classes, seemed to perform
better than the 70% rule.
Despite the accuracy levels produced, weaknesses in the
methodology were evident. In particular, the selection of predictors
and the quality of soil data used seem to significantly affect the
overall performance of the model. For original landcover to be
correctly predicted each landcover type needed to have its
‘determining’ parameters included in the analysis. Therefore, it is
suggested that more background research be conducted to determine
precisely which physiographic and edaphic features are most
important in determining or controlling landcover in a particular
area.
In addition, it was found that the resolution and quality of soil
data were less than adequate. Data collected at coarse resolutions
systematically affects the accuracy and resolution of results.
Therefore, it is recommended that soil data at a suitable scale or
resolution be used to ensure the most accurate results.
Further, at this point the proposed methodology may be more
appropriate for local or landscape scale reconstructions as opposed
to regional reconstructions. The current lack of digital highresolution soils and physiographic databases necessitates a
significant investment of labour for assembling and compiling these
data. However, these preliminary results certainly warrant further
investigation and as the variety and quality of these databases
improves the utility of such methods for pre-settlement landcover
reconstruction will become increasingly apparent.
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