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INTRODUCTION
The Crowsnest Pass is a unique east/west passage through a chain of north/south
mountains and valleys in the Rocky Mountains (see Figure 1). The Pass was originally
settled in the 20th century as a series of coal mining communities running along Highway
3. In 1979 the settlements were amalgamated to form the Municipality of Crowsnest
Pass. The area is rich in plant and animal species which are highly valued by local
citizens. The elevation gradient in the region, ranging from 1113 m at the Crowsnest
River to 2804 m at the mountain peaks, results in a rapid ecological transition from the
prairies to the alpine.

Figure 1: Overview of the Municipality of Crowsnest Pass
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The Crowsnest Pass has traditionally been dependant on coal and forestry
industries. In recent years, economic activity has diversified to include tourism and oil
and gas development. Population in the Pass has been in a slow decline and
demographically a higher proportion of older residents (based on the provincial average)
live in the Pass. Although the population is declining there has been a recent influx of
retirees and second home owners, resulting in the growth of grouped country residential
developments outside of the historical settlement areas resulting in concerns regarding
the limited land-base the Pass has for future development. There are many physical and
ownership considerations that limit future development in the Pass. Other issues
compound the problem, such as private land that is considered hazardous due to past
mining activities, areas with known cultural or ecological value, or land that been placed
in conservation easements.
Citizens of the Pass greatly value the natural amenities of living in a mountain
environment. The area is an important passageway for wildlife moving up and down the
Rocky Mountains. The linear nature of the Pass in conjunction with a recent trend in
country residential developments has the potential to severely impact movement
opportunities for wildlife. There is concern among researchers that the Crowsnest Pass
has the potential to become a major obstruction for wildlife movement within the Rocky
Mountain region. This has led to the purchase of land and placement of conservation
easements on land titles to ensure open space for wildlife movement.
Concerns that the Municipality has in regard to the limited land-base and the need
to protect critical wildlife movement passages leads to potential conflicts between
environmental priorities and economic opportunities, and highlights the need for a
planning approach to land use within the Crowsnest Pass.
This report introduces a powerful, dynamic mapping tool that will allow users to
examine the spatial interplay between development considerations and conservation
priorities, and to understand the consequences of different development strategies. The
simultaneous identification of development constraints and conservation priorities will
facilitate constructive dialogue regarding future land use planning in the Municipality of
Crowsnest Pass.
AN INTERACTIVE MAPPING TOOL FOR THE CROWSNEST PASS
This tool was designed by the Miistakis Institute for the Municipality of Crowsnest
Pass, Alberta, Canada. It was developed for the purpose of facilitating discussion around
future development and land use planning in the Crowsnest Pass.
The best use of this tool is in a group setting with input from diverse stakeholders.
Running the model a number of times, using discussion to alter parameters and
weightings each time, will produce different outcomes, and help create an understanding
of the consequences of different planning strategies. Through an iterative process, the
refinement of expectations and the increased understanding of trade-offs between
different approaches to development can be instrumental in building a unified vision for
the future of the Crowsnest Pass.
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The tool was constructed using the ModelBuilder module of ESRI ArcGIS 9.0 GIS
software, with the Spatial Analyst extension. It was scripted in Python 2.1, and requires
ArcGIS version 9.0 or higher with Spatial Analyst in order to run.
HOW THE MAPPING TOOL WORKS
The essential mechanics of this tool are simple – GIS layers representing a userselected series of themes are combined through a mathematical overlay.
Available themes are divided into two categories: development considerations and
conservation priorities. Development considerations describe the landscape of the
Crowsnest Pass in terms of different factors influencing development. The model does
not consider aesthetics, exhaustibility, or economic demand for different types of
development. Developability is assessed for each theme in terms of the landscape’s
physical or jurisdictional capacity to support residential, commercial, or industrial
development. The model does not differentiate between these three types of
development. Conservation priority themes describe the landscape of the Pass in terms
of areas of ecological or cultural importance.
The themes presented in this model were generated based on two workshops held
in the Crowsnest Pass in late November, 2005. Workshop participants were asked to
identify development considerations and conservation priorities within the Pass, and to
discuss how different characteristics of the physical and political landscape effect
developability. Miistakis then compiled necessary data and translated the ideas from the
workshops into GIS raster layers, or development indices. The raster resolution of all
development indices is 30m – this cell size defines the model’s minimum mapping unit
(MMU)
Each index has a range of developability (DEV) values between 0 and 1 for all
areas in the pass. A DEV value of 1 denotes high potential for development (or low
priority for conservation), and a value of 0 denotes low potential for development (or
high priority for conservation). When the mapping tool dialog box is open, the user can
click on individual themes to learn how each DEV index was created, including input data
and assumptions made in translation to index form. Where appropriate, references are
also provided that will help the user find more information. All of the information
included in the Help screens is also presented in this report.
Thematic data was gathered from various sources, and is of varying currency and
quality. In some cases, GIS data existed for a given theme; in others, GIS layers had to
be digitized from hardcopy (paper) maps, assimilated from anecdotal experience, or
created “from scratch”. The GIS data used to build this mapping tool is the most current
and accurate data available at the time of publication (June 2006). In order to assure
that this tool is useful into the future, new and more accurate data should be
incorporated as it becomes available.
There are two different applications of the model, providing different levels of
functionality – the Basic Model, which allows for simple overlays, and the Ranked Model,
which allows for weighting of individual themes.
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BASIC MODEL
Figure 2 shows the dialog box for the Basic Model. This model provides the basic
functionality of allowing you to choose which themes will be considered. All included
themes will be weighted equally – it is not possible in the basic model to assign ranks or
weightings to each theme. To include a theme, check the associated box; all themes will
be combined in a multiplicative overlay operation. The following formula is applied to all
included themes:
DEV = 1 * DEV(theme 1) * DEV(theme 2) * … * DEV(theme n)

While the model is running, a message will appear – the calculation being
performed will appear in green. If no layers are selected, an error will return, prompting
you to include at least one layer in the analysis.

Figure 2: Screenshot of Dialog Box for Basic Model

RANKED MODEL
Figure 3 shows the dialog box for the Ranked Model. In addition to the
functionality provided in the basic model, this model allows the user to assign different
rankings to each included theme. Beside each theme, there is a drop-down box, which
allows you to select from the following weighting options:
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“Not Included” – this theme will not be included in the analysis.
“High” – this theme will be assigned the highest ranking in the calculation of a
developability surface (see equation below).
“Medium” – this theme will be assigned a medium ranking in the calculation of a
developability surface.
“Low” – this theme will be assigned the lowest ranking in the calculation of a
developability surface.
“Override” – this ranking should be assigned to themes that “trump” the
developability as determined by other layers being considered. For example, if zoning,
jurisdiction, or conservation easements have an impact on potential development that
supersedes all other development considerations, they should be assigned the
“Override” ranking.

Figure 3: Screenshot of Dialog Box for Ranked Model

Once rankings are assigned, the developability surface is calculated by the
following formula:
DEV = [0.6 * (Product(high))] + [0.3 * (Product(medium))] + [0.1 * (Product(low))] *
[Product (override)]
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In the above equation, the term “Product” denotes the multiplicative overlay of all
themes that have been assigned the same rank by the user.
DESCRIPTION OF DATA THEMES
The following section serves as metadata for all available themes in the
Developable Lands Mapping Tool. It describes the manner in which data was collected
and created, identifies potential and used data sources, and lists assumptions that were
made in the creation of developability indices. Also included are themes that were
identified by participants in the November 2005 workshops, but were omitted from the
mapping tool for various reasons.
Themes relating to development considerations are listed first – Input GIS data
was converted to a developability (or DEV) value, ranging from 0 to 1. These indices are
used as inputs to the model. Conservation priority themes are listed next – for these
themes, a conservation value (or CV) was calculated, which also ranged from 0 (lowest
priority) to 1 (highest priority). However, in order to be harmonized with the
developability indices calculated for Development considerations, the CV indices had to
be inverted (i.e. DEV = 1 – CV). This means that areas with the highest CV area
assigned lower DEV values, and vice-versa.
DEVELOPMENT CONSIDERATIONS:
ZONING
The Land Use Zoning map for the Municipality has recently been changed, and at
the time of writing, Municipality of Crowsnest Pass GIS Specialist, Gus Kollee, informed
Miistakis that the newest GIS data was not yet available. The most recent GIS data from
the Municipality is included in the model, with the ability to update with new data as it
becomes available.
The latest version of the Municipal Land Use Bylaw (No. 632-2004, available online
at http://www.town.crowsnestpass.ab.ca/landdevlp.htm) describes 19 different Land
Use Districts (LUD’s) that are recognized within the Municipality of the Crowsnest Pass.
For each LUD, the Bylaw lists Permitted, Discretionary, and Prohibited Uses. Similar to
the approach taken for Crown and conservation lands, a score between 0 and 20 was
assigned to each LUD (0 = Prohibited/not listed, 15 = Discretionary, and 20 =
Permitted) in each of five broad land-use categories. The resulting score was converted
to a percentage for use in the model. Scores by LUD are summarized in the following
table:
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LAND USE DISTRICT

CODE

RESIDENTIAL

COMMERCIAL

INDUSTRIAL

RECREATIONAL

PUBLIC
WORKS

TOTAL

DEV

Residential

R-1

20

15

0

15

15

65

0.65

Duplex Residential

R-2

20

15

0

0

0

35

0.35

Multiple Residential

R-3

20

15

0

0

15

50

0.50

Mobile Home

R-4

20

15

0

15

0

50

0.50

Comprehensive Narrow Lot
Residential

R-5

20

15

0

15

15

65

0.65

Grouped Country Residential

GCR-1

20

15

0

0

0

35

0.35

Retail Commercial

C-1

15

20

0

15

15

65

0.65

Drive-In Commercial

C-2

15

20

15

0

15

65

0.65

Comprehensive Commercial

C-3

0

20

0

0

15

35

0.35

Industrial

I-1

0

20

20

0

15

55

0.55

Sentinel Industrial Park

SIP-1

0

15

20

0

15

50

0.50

Recreation and Open Space

RO-1

0

0

0

20

15

35

0.35

Public

P-1

0

0

0

0

15

15

0.15

Non-Urban Commercial
Recreation

NUCR-1

15

15

0

15

15

60

0.60

Non-Urban Commercial
Recreation

NUCR-2

15

15

0

20

15

65

0.65

Urban Future Growth

UFG-1

20

15

0

15

15

65

0.65

Non-Urban Area

NUA-1

20

15

15

15

15

80

0.80

Direct Control

DC-1

15

15

15

15

15

75

0.75

Comprehensive Resort Village

CRV

20

20

0

20

0

60

0.60

Areas that have no LUD designation in the Municipal data were assigned a DEV
value of 0, as these areas appear mainly to be comprised of right-of-ways and water
bodies. Also, areas within the Municipal boundary that were not covered by the Zoning
Data provided by the Municipality of Crowsnest Pass were assigned to no LUD, and given
a DEV value of 0.
The Zoning developability index is presented in Figure 4.

Figure 4: Zoning Developability Index - lighter shades indicate higher development potential

CROWN LANDS AND CONSERVATION EASEMENTS
The development considerations associated with Crown Lands in the Municipality
of Crowsnest Pass were derived from a document titled “Crowsnest Corridor Local
Integrated Resource Plan”, published in 1991 by the Alberta Department of Forestry,
Lands and Wildlife. The report includes a map showing the Land Use Zones (LUZ's)
within the Crowsnest Corridor – the portion of the Pass that is not covered by the Rocky
Mountain Forest Reserve. Land use zones were digitized from this map, as GIS files were
not obtainable for this project.
The report also includes a description of each LUZ and lists activities by zone
according to Compatible, Permitted, and Not-Permitted Uses. Compatible Uses are “Uses
Developable Lands Mapping Tool
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that are considered to be compatible with the intent of a land use zone under normal
guidelines and land use regulations”. Permitted Uses are “Uses that may be compatible
with the intent of a land use zone under certain circumstances and under special
conditions and controls where necessary”. Not-Permitted Uses are “Uses that are not
considered to be compatible with the intent or capabilities of a land use zone” (AB FLW,
p.7).
Since the developable lands model is concerned principally with commercial and
residential development, only four potential activities were considered in the calculation
of a developability index. Each activity was assigned a score between 0 and 25,
corresponding to its compatibility with a given LUZ. Not-permitted uses scored 0,
permitted uses scored 17, and compatible uses scored 25. The scores were summed
across all activities to arrive at a total developability score for each LUZ, which was then
converted to a percentage for use as a developability index. The following table
summarizes this process:
LUZ

SERVICED
CAMPING

COMMERCIAL
DEVELOPMENT

INDUSTRIAL
DEVELOPMENT

RESIDENTIAL
DEVELOPMENT

TOTAL

DEV

1 – Prime
Protection

0

0

0

0

0

0

2 – Critical
Wildlife

17

0

0

0

17

0.17

3–
Special
Use

17

17

17

17

68

0.68

4–
General
Recreation

25

17

0

17

59

0.59

5–
Multiple
Use

25

17

25

17

84

0.84

Pursuant to discussion with experts at the workshops in late November 2005, all
Crown lands within the Rocky Mountain Forest Reserve are considered undevelopable
(DEV = 0).
Special development restrictions also apply to the private holdings and
conservation easements held by two conservation organizations – the Rocky Mountain
Elk Foundation (RMEF), and the Nature Conservancy of Canada (NCC). All parcels that
are owned by the NCC or RMEF, or for which NCC has secured a conservation easement,
are considered undevelopable (DEV = 0).
For the purposes of the Crown/Conservation developability index, all lands within
the Crowsnest Pass that are not owned or overseen by the Crown, the NCC, or the
RMEF, are considered to be 100% developable (DEV = 1).
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The Crown Lands and Conservation Easements developability index is presented in
Figure 5.

Figure 5: Crown Lands and Conservation Easements Developability Index - lighter shading indicates
higher development potential

HISTORICAL RESOURCES
Eric Damkjar from Alberta Community Development in Edmonton provided
Miistakis with a public version of a GIS layer detailing significant sites and areas in the
Crowsnest Pass. The public version of this GIS file generalizes significant sites to the
ATS section or quarter-section level. Finer spatial resolution data exists, but access is
restricted. Furthermore, it is considered best to leave such locational data less specific,
for two reasons: first, the exact location of sites is sometimes not known; and second,
there may well be other undiscovered significant sites in close proximity to the ones
identified in this data set, and using a coarser representation allows for consideration of
a broader area. Community development assigns a Historical Resource Value between 1
and 5 to all significant sites - the designation denotes the following priorities:

Developable Lands Mapping Tool
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HRV

DESIGNATION

DESCRIPTION

DEV

1

Provincial Historic
Resource

Land is owned by ABCD for the purposes of
protection

0

2

Registered Historic
Resource

Significant, legally binding barrier to
development – land is not owned by the
province

0.1

3

Significant Historic
Resource

May be upgraded to HRV 1 or 2 – pending
Historical Resources Impact Assessment

0.3

4

Previously Recorded
Historical Resources

Sites that require further study

0.95

5

High Potential Lands

Sites that have potential to contain historical
resources – HRIA may be warranted

0.95

Areas with no HRV designation will be assigned a DEV value of 1.
The Historical Resources developability index is presented in Figure 6.

Figure 6: Historical Resource Developability Index - lighter shading indicates higher development
potential
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CANADIAN PACIFIC RAILWAY PROPERTY AND SETBACKS
The main rail line through the Crowsnest Pass, along with associated sidings, is
owned and administered by the Canadian Pacific Railway (CPR). Locational data for rail
lines was provided by the Municipality, and information regarding easements and
recommended setbacks was provided by Rick Poznikoff from CPR.
Generally, land within 15.24 metres (50 feet) of a rail line is owned by the CPR,
precluding development. Furthermore, the documentation provided by CPR recommends
that “no dwellings should be built within 75 metres of the CPR property line.” Mr.
Poznikoff stated that CPR would like this recommendation to be strongly considered
when planning future development.
A DEV value of 0 was assigned to all areas owned by the CPR (i.e. within 15.24
metres of any rail line), and a value of 0.2 was assigned to all areas within the 75 metre
buffer of CPR property. All other areas received a DEV value of 1.
The CPR Property and Setbacks developability index is presented in Figure 7.

Figure 7: CPR Property and Setbacks Developability Index - lighter shade indicates higher development
potential
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RIGHT-OF-WAYS
Locational data for right-of-ways within the Municipality of Crowsnest Pass was
lifted from CAD data of all infrastructure themes tracked by the Municipality. This CAD
linework does not contain attribute information regarding the type of right-of-way. Lines
show the borders of the right-of-ways, but are often broken.
CAD linework was digitized on-screen at a minimum scale of 1/5,000. The layer
that Miistakis created is polygonal, displaying the footprint of the right-of-way. Where
small breaks were present in the linework, the lines were joined – larger gaps were
treated as separate polygons.
Since no attribute data was provided, it is impossible to distinguish between rightof-ways of different types, which would likely present different development
considerations. All right-of-ways were assigned a DEV value of 0 (zero), and all other
areas were assigned a value of 1.
This theme covers only the Transportation and Utility Right-of-Ways provided by
the Municipality. Right-of-ways around existing roads, rail lines, and related to the
Alberta Township Grid are represented elsewhere in the model.
The Utility Right-of-Ways developability index is presented in Figure 8.

Figure 8: Utility Right-of-Ways Developability Index - lighter shading indicates higher development
potential
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100-YEAR FLOODPLAIN
A digital copy of the 1980 Alberta Environment Report, called "Crowsnest Pass
Floodplain Study" was obtained from James Choles of Alberta Environment in Edmonton.
This report covers the area along the Crowsnest River from West Coleman to Frank
Lake. 100-year floodplain was digitized from the report maps, and used to create an
input layer. For the purpose of this study, areas within the floodplain were assigned a
DEV value of 0.
The 100-year Floodplain developability index is presented in figure 9.

Figure 9: 100-year Floodplain Developability Index - lighter shading indicates higher development
potential

SLOPE
Digital Elevation data used to create the slope layer. This was then used to
calculate a developability layer, according to a formula that is adapted from discussions
at the November 2005 workshops:
- If slope is less than 25 deg, then DEV = 1
Developable Lands Mapping Tool
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- If slope is between 25 and 30 deg, then DEV = 1.5 – 0.002 * (slope)
- If slope is between 30 and 35 deg, then DEV = 1.8 – 0.003 * (slope)
- If slope is between 35 and 50 deg, then DEV = 2.5 – 0.005 * (slope)
- If slope is greater than 50 deg, then DEV = 0
The Slope developability index is presented in figure 10.

Figure 10: Slope Developability Index - lighter shade indicates higher development potential

GROUNDWATER SUPPLY
The aquifer and recharge zones in the Crowsnest Pass were mapped as part of
Alberta Transportation’s “Highway 3 Functional Planning Study”, available on-line at
http://www.infratrans.gov.ab.ca/INFTRA_Content/docType182/Production/hwy3funcplan
.htm. The report was compiled by McElhanney Consulting Services Ltd. McElhanney
denied requests for the GIS data as part of this modeling process. The aquifer and
recharge zone GIS layer that was used in the model was therefore digitized from a .pdf
file of a map that was downloaded from the above website. The demarcation is
approximate and does not include aquifer recharge zones for the area east of Frank
Slide – this is a limitation of the data used in the Highway 3 Functional Planning Study.
Developable Lands Mapping Tool
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Development coefficients were assigned to the different groundwater zones as
follows:
GROUNDWATER SUPPLY DEV
Aquifer

1.0

Aquifer Recharge Zone

0.8

No Available Groundwater

0.5

Clearly, this consideration will be more meaningful in areas that are not serviced
by the municipal water utility.
The Groundwater developability index is presented in figure 11.

Figure 11: Groundwater Developability Index - lighter shading indicates higher development potential

PROXIMITY TO UTILITIES
Access to utilities has an impact on the developability of areas in the Crowsnest
Pass that are currently not serviced by power, water, telecommunication, or gas lines.
Developable Lands Mapping Tool
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The costs associated with these services, according to Jeff Drain of Stantec Engineering
in Lethbridge, are very site-specific; it is difficult to assign a general cost per unit of
distance away from existing infrastructure. Nevertheless, it can generally be postulated
that the further away a parcel is from existing services, the more costly development of
that parcel will be. The model provides for the consideration of this general relationship
between distance and developability.
Upon discussion with the Municipality of Crowsnest Pass, it was decided that
redundancy could be avoided in the model if power lines are used as a surrogate for
other utility infrastructures. Many of these services are coincident on the landscape, and
electricity is arguably the most essential basic service provided through the Municipal
infrastructure (if one chooses, one can get water from a well, sewage from a septic
system, heat from wood, communication from a cell phone).
The GIS data used to create this index were provided by the Municipality, and
show the location of power lines administered by the Municipality of Crowsnest Pass, as
well as all power poles within the Municipal boundary. Not all power lines are
represented in the data set, but the poles are sufficient at this scale of analysis to show
the general proximity to services. Also, the data did not contain an attribute describing
voltage along power lines, but it is assumed for the purposes of this model that any
voltage can be transformed into a usable domestic power supply.
Using the existing power infrastructure as an input layer, a raster grid was created
showing the Euclidean (straight-line) distance to the nearest available power supply. The
developability index was calculated using this grid and the assumptions stated above, as
follows:
DISTANCE TO
UTILITY

DEV

0-100 metres

1

100+ metres

1.008654 – 0.00008654 * (distance to
power)

Using this equation, the minimum possible DEV value, at a Euclidean distance of
10.5 km from existing infrastructure, is 0.1.
Most service infrastructure tends to grow in a dendritic fashion, with new lines
branching off of existing ones. Clearly, the introduction of new infrastructure to the
Municipality (such as a new main line west to Crowsnest Lakes) will drastically change
the conformation of the landscape, and increase the development potential of certain
areas. Since we have no means by which to foretell the future, we can only show
development considerations in relation to the current utility infrastructure, and
encourage the inclusion of expanded infrastructure in the model as regularly as possible.
The Proximity to Utilities developability index is presented in figure 12.
Developable Lands Mapping Tool
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Figure 12: Proximity to Utilities Developability Index - lighter shading indicates higher development
potential

The Municipal Land Use Bylaw stipulates a building setback of 3 metres from
power transmission lines; however, since this model assesses development based on a
minimum mapping unit of a 30 metre pixel, this setback is not considered in the model.

PROXIMITY TO ROADS
Although the Municipality provided a GIS layer showing roads in the Crowsnest
Pass, this layer only contains roads within the white zone. National Roads Network
(NRN) GIS Data for the Pass was therefore used, as it contains a more comprehensive
coverage of the area.
The treatment of roads in this model is similar to that of utilities – a spatial index
was constructed to reflect the incremental costs associated with developing further away
from existing transportation infrastructure. The developability index was calculated as
follows:

Developable Lands Mapping Tool
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DISTANCE TO ROAD

DEV

0-100 metres

1

100+ metres

1.0117 – 0.000117 * (distance to
power)

There are legislated development setbacks from roads of different types within the
Municipality of Crowsnest Pass. However, all minimum setback distances are less than
30 metres, which is the minimum mapping unit for this analysis; therefore, setbacks
from roads were not considered.
The Proximity to Roads developability index is presented in figure 13.

Figure 13: Proximity to Roads Developability Index - lighter shading indicates higher development
potential
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The following Development Considerations were discussed at the November 2005
workshops, but were not included in the model:
ASPECT
Aspect reflects aesthetic preference more than it reflects actual developability of a
location, and hence was not included in this model. At the workshops it was suggested
that an avalanche hazard study was conducted by Environment Canada, but no such
study was ever found, and the aspect theme was dropped from this model.
GEOLOGY
Data issues prevented the inclusion of a geology layer in this model.
The Alberta Geological Survey provides a general, province-wide geology map and
sand and gravel locational data by NTS grid, downloadable for free from
http://www.ags.gov.ab.ca/GIS/gis_and_mapping.shtml. This data is too general to be of
any use in this project.
The Canadian Geological Survey also has produced a GIS data layer for the
Eastern Cordillera in southern Alberta. The product is called NATMAP and is available
through GeoConnections at
http://geodiscover.cgdi.ca/gdp/search?action=entrySummary&entryType=productCollec
tion&entryId=6011&language=en&entryLang=en. The data is divided into NTS map
sheets, and the scale of the data is 1/50,000. However, there is a fee for obtaining the
data, and there were no funds in the project budget for the acquisition of data.
For these reasons, the geology theme has been dropped from the model, pending
acquisition of suitable data.
RARE PLANTS
The existence of rare or endangered vegetation may be a consideration in the
assessment of the developability of a parcel of land. However, accurate data is not
available showing the distribution of these species, and assessment of these
characteristics is too site-specific to warrant inclusion in this model.
FIRESMART
Rick Arthur, Wildfire Prevention Officer with the Forest Protection Division of
Alberta Sustainable Resource Development, was consulted for input on FireSmart
considerations regarding development in the Crowsnest Pass. He provided data and
other resources, and advice on the accounting for fire risk in the model.
Fire risk and proposed mitigation strategies do have an impact on the
developability of a site, and on the form that development takes. This information is
Developable Lands Mapping Tool
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provided in the 1999 Partners in Protection document entitled “FireSmart: Protecting
Your Community from Wildfire”.
According to SRD data and Mr. Arthur’s professional opinion, unique climatic
conditions, the plentitude of potential natural and anthropogenic ignition sources, fuel
loading and forest encroachment due to historic policies of fire suppression/removal, and
the presence of finer fuels like dry grasses, have resulted in the ubiquitous hazard of fire
throughout the Crowsnest Pass.
Some mitigation structures have been built in the Pass. Within these fire breaks,
no development is permitted – all fire breaks are to be located on Crown land.
Since the risk of fire and the prescribed development strategy is the same
throughout the Crowsnest Pass, this theme is not included in the model.
CONSERVATION PRIORITIES:
WILDLIFE MOVEMENT
The wildlife movement conservation theme incorporates data from three different
sources: ungulate winter range data created by Alberta Fish & Wildlife; a habitat
suitability model (HSM) for grizzly bears created and validated by Carita Bergman of
Alberta Fish and Wildlife; and high-movement areas for all wildlife, identified by experts
who attended the November 2005 workshop.
Due to the varied characteristics of wildlife movement data used in this model, the
most logical approach was to combine all these datasets into one general (multispecies)
theme. The procedure was as follows:
Each of the themes was ranked for conservation importance, on a scale between 1
(lowest conservation priority) and 5 (highest conservation priority). The ungulate winter
range data was ranked by species, according to the importance of each species as
indicated by the group of experts at the conservation priorities workshop. The values
assigned are as follows: Bighorn Sheep – 5; Elk – 4; Moose – 2; Mule Deer – 1.
The grizzly bear HSM consists of polygons of varying habitat quality, ranging from
1 (poorest quality habitat) to 4 (best quality habitat). At the November 2005 workshop,
it was agreed that the first two HSM rankings (1 & 2) did not constitute habitat of
sufficient conservation value, and only the two highest HSM rankings were used. HSM
value of 4 was assigned a conservation priority of 5, and HSM value of 3 was assigned a
conservation priority of 3.
The conservation priority value assigned to wildlife movement corridors
corresponds to the number of experts at the November workshops who agreed on a
given area as an important movement corridor: where three experts agreed, the
conservation priority value assigned was 5; for two experts, a value of 3; and for one
expert, a value of 1.
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A raster grid was created for each theme, and then all rasters were combined in
an additive overlay. The range of conservation values was then standardized to the 0-1
range used for all input themes.
The Wildlife Movement developability index is presented in figure 14.

Figure 14: Wildlife Movement Developability Index - darker shading indicates higher conservation priority

RIPARIAN VEGETATION AND WETLANDS
This layer is a mask (i.e. significant to conservation, or not), created directly from
the riparian vegetation mapping along Crowsnest River that was done by Miistakis using
Landsat ETM+ satellite imagery. This layer also includes individual wetlands identified by
Dale Patten, a private consultant and biologist in the Crowsnest Pass. GPS locations of
wetlands were buffered by 100 metres and added to the riparian layer. Areas that were
mapped as riparian vegetation or wetlands were given a conservation value of 1, all
other areas were given a conservation value of 0.
The Riparian Vegetation and Wetlands developability index is presented in figure
15.
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Figure 15: Riparian Vegetation and Wetlands Developability Index - darker shading indicates higher
conservation priority

NATURAL HISTORY SITES
This layer was created through on-site consultation with local expert on ecology of
the Crowsnest Pass, David McIntyre. Mr. McIntyre identified areas of ecological
significance on a paper map, and these areas were subsequently digitized to create a
GIS layer. It should be noted that the original map drawings showed very general
locations of features, and are not precise. Consequently, the GIS layers that have been
digitized from hard copy are general, and show broad areas over which certain
ecological phenomena are known to occur. Some subjective changes were made to the
original shapes drawn on the paper map by Mr. McIntyre - when a specific site was
identified and it was discernible from available air photo and satellite imagery, the site
was located precisely. When a large polygon was drawn to indicate a certain type of
native forest community, the shape was revised to omit noticeably altered or naturally
non-forested regions (e.g. rock bands, water bodies, etc.)
Once identified, each area of ecological significance was then ranked by Mr
McIntyre according to its conservation value, on a scale of 1 (least conservation value)
to 5 (highest conservation value). The lowest conservation value that Mr McIntyre
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assigned to any feature was 4. Conservation values for the index grid were assigned as
follows:
LOCAL EXPERT CV MODEL CV
1

0.1

2

0.2

3

0.5

4

0.7

5

1.0
The Natural History developability index is presented in figure 16.

Figure 16: Natural History Developability Index - darker shading indicates higher conservation priority

Developable Lands Mapping Tool

24

Miistakis Institute

CULTURAL HISTORY SITES
Similar to the previous layer, this information was compiled through on-site
consultation with local expert on cultural history and archaeology in the Crowsnest Pass,
Monica Field. Ms. Field identified areas of cultural significance on a paper map, and
ranked each site in terms of its conservation importance on a scale of 1 to 5. The lowest
ranking assigned to a significant site by Ms Field was 2. These areas were subsequently
digitized to create a GIS layer. The same conversion scale as above was used to
translate Ms Field's conservation rankings into a spatial index that was used in the
model.
The same caveats apply to the means by which this information was gathered, and
the use of these GIS layers in the model, as those described above for areas of
ecological significance.
The Cultural History developability index is presented in figure 17.

Figure 17: Cultural History Developability Index - darker shading indicates higher conservation priority
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HIGH-CONSERVATION-VALUE STREAMS
Although Darryl Wig, Area Fisheries Biologist for AB SRD in the Crowsnest Pass,
states that “all [streams] have conservation importance”, three streams are of particular
value to the preservation of pure populations of the provincially threatened westslope
cutthroat trout (Oncorhynchus clarki lewisi). These streams are Blairmore Creek, Gold
Creek, and McGillivray Creek.
Each of these streams were buffered by 100m, and mapped as high-priority areas
(values of 1 in the conservation index) – all other areas in the municipality were
assigned a value of 0.
The High-Quality Cutthroat Trout Habitat developability index is presented in
figure 18.

Figure 18: High-Quality Cutthroat Trout Habitat Developability Index - darker shading indicates higher
conservation priority
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Two Conservation Priorities were discussed at the November 2005 workshops, but
were not included in the model:
RIDGE TOPS
This aspect of conservation priority is included in the general field of “Natural
History Sites”.
SPATIAL HARVEST SEQUENCE
Through consultation with the Municipality of Crowsnest Pass, it was decided that
this information does not readily translate into a conservation priority. The spatial
harvest sequence data was therefore dropped from the model.

NOTES ON INTERPRETING MODEL OUTPUT
Running the model will produce a raster output, showing the range of
developability, given the user-specified parameterization of the model. Changing the
model parameters will invariably produce a unique outcome, but the resulting grid will
always have a range of values between 0 and 1.
In interpreting developability values, it is important to note the following points:
• The model’s current design does not allow for the automatic saving of a list of input
grids or parameters. After each run, the model dialog box closes, and the user
must re-parameterize an “empty” model. Therefore, if the user wishes to run and
compare multiple scenarios, it is essential to carefully record the parameters of
each run. This can be done by hand, or by copying and pasting the green text from
the model progress window.
• 0 and 1 are the theoretical minimum and maximum values – they are
mathematical extremes of the model’s calculation, and may not be attainable in
every model parameterization.
• The grid that is produced by a model run is an index – as such, individual raster
values are unitless, and meaningful only in relation to other output grid values.
• Model results are best interpreted by displaying output grids using a “quantile”
classification of raster values, with the lowest quantile (usually consisting of null
values) set as transparent. This allows users to identify the most developable lands
in terms of top 10 percent (for example) of total area; it also allows for qualitative
(visual) comparisons between different output grids.
• If the user wishes to quantitatively compare two or more different output grids, the
grids can be compared on a pair-wise basis by subtracting one from the other. The
magnitude of the difference will show the sensitivity of the model to changing
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parameters. Alternatively, sensitivity can be analyzed by reclassifying all output
grids based on the same number of quantiles, and then performing pair-wise
subtractive overlays on the reclassified grids. This allows for the comparison of
multiple outputs, and for the performance of sensitivity analysis on model results.

OPTIONS FOR ENHANCING UTILITY
As has already been stated, the intended purpose of this tool is to provide a
foundation and spatial context for discussions regarding the future of land use and
development in the Municipality of Crowsnest Pass. An interactive mapping application
such as this has the capacity to provide near-instantaneous comparisons between a
multitude of different land use planning strategies.
This tool has been designed according to contract specifications, as a program that
is run from within ESRI ArcGIS v.9.0 or higher, with the Spatial Analyst extension. This
software requirement presents a significant impediment to the access and utility of this
tool – in order for this model to be used in a workshop scenario, the facilitator would
require basic knowledge of GIS, as well as a computer, loaded with the model and all of
the above software.
Access to this tool could be greatly improved by developing a web-based version
of the model, which could run in a standard internet browser. This would eliminate the
above mentioned software and personnel requirements, allowing the tool to be used
anywhere with an internet connection (the web site could be password-protected for
security). It could also provide the following improvements:
• ability to download maps of developability surfaces in printable formats, or
alternatively, to download GIS raster outputs
• greater customization of the model dialog boxes and graphical user interface (GUI)
than is possible within the ESRI environment;
• run-to-run retention of model parameters – reducing redundancy and simplifying
sensitivity analyses;
• pre-loaded base map, with reference information automatically displayed; and
• automation of quantile output grid displays, reclassification, and quantitative
output comparisons.
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