
 

Quantifying Preferable Habit for Mule 
Deer (Odocoileus hemionus

Post-Development of 
Gas Well Sites

Management District 
Columbia, Canada

 

Quantifying Preferable Habit for Mule 
Odocoileus hemionus) Pre-

Development of Coal-Bed Methane 
Well Sites in the Blue Lake Forest 

Management District of Southern British 
Columbia, Canada 

 
 
 
 
 
 

FINAL REPORT
SEPTEMBER 6, 2009

 
 

 

 
 
 
 
 
 
 
 
 
 
 

Allison Cully
Jen Kipling

Erin Latham
Derek Pomreinke

Quantifying Preferable Habit for Mule 
- and 

Methane 
in the Blue Lake Forest 

British 

FINAL REPORT 
SEPTEMBER 6, 2009 

Emma Bell 
Allison Cully 

Jen Kipling 
Erin Latham 

Derek Pomreinke 



 

 - 2 - 

��� �
Preface 
 

This report was written as partial credit for Geography 537: GIS in Forest 

Ecology.  The task at hand was to not only provide Diamond Mine Geospatial Consulting 

Agency with our recommendations regarding the impact of coal-bed methane gas wells 

on mule deer habitat in the area surrounding the Blue Lake Forest Management District, 

but to gain skills in forest mensuration, GIS software, error assessment and analysis, team 

work, project management, and successful report writing.  We feel that as a team, we 

have not only succeeded in providing Diamond Mine with a superior recommendation 

and report, but we have learned and polished new skills that will help us in our future 

endeavours. 

 Our team is made up of our project manager, Erin Latham, the map wiz Allison 

Cully, our writer extraordinaire Derek Pomreinke, Emma Bell, our excellent organizer 

and field guru, and Jen (Limpy) Kipling, mule deer expert.  The authors are all students at 

the University of Calgary and have compiled this final report during the eight days (and 

nights) spent at the Blue Lake Forest Education Camp with the help of peers, a great team 

of teaching assistants, and instructors. 
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Executive Summary 

 Definition and measurement of mule deer (Odocoileus hemionus) habitat near 

Blue Lake, BC, was necessary to determine how proposed methane extraction could 

change the amount of available mule deer habitat. Preferable habitat is mid- to late-

successional heterogeneous forest (Mackie et al, 2003) with 25.1-75% crown closure, 

mixed vegetation, accessibility to water sources, and mid-range slopes oriented south-east. 

These variables were mapped and an accuracy assessment was performed on crown 

closure, species composition, and age. The assessment revealed unreliable accuracies 

ranging from -2.3% to 51% in the data set. Furthermore, a sensitivity analysis was 

completed using the landscape matrices of edge density, patch area, and interspersion 

with the previous variables. Results showed that the final habitat maps were more 

sensitive to errors in species composition data rather than crown closure. 

Placement of well sites showed that the overall impact of methane extraction on 

mule deer habitat was negligible, though the high amount of error within the data set 

precluded any definite answers. Further analysis and better-quality source data is required 

to quantify these errors for full evaluation the effects of development on mule deer 

habitat.  
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1.0 Introduction  

 The planned development of coal-bed methane gas well sites in the Blue Lake 

Management District is expected to impact the locally important mule deer (Odocoileous 

hemionus) population. The identification of important structural habitat variables in 

predicting preferred habitat comprises the building blocks of evaluating habitat change 

pre- and post-development. This report builds on previous deliverables including base 

maps of six habitat variables and an accuracy assessment of vegetation data, as well as a 

sensitivity analysis to examine the effects of error on landscape metrics. These 

deliverables were included as Interim Report 1 and Interim Report 2 as described in the 

contract between Diamond Mine Geospatial Consulting Agency and BOOYA!. 

 The objective of the BOOYA! team was to evaluate the impact of five coal-bed 

methane gas well sites on mule deer habitat in the Blue Lake Management District of 

British Columbia. The analysis began by characterizing the structural forest attributes and 

developing criteria important to primary and secondary mule deer habitat. Pre- and post-

development habitats were evaluated via three class-level landscape matrices relevant to 

mule deer preferences: patch area, edge density, and interspersion. Patch area describes 

the area of a single landscape type, edge density measures the perimeter of habitat 

relative to area, and interspersion measures the strength of patches’ tendency to cluster 

(Betts et al. 2003).  

 There were three main issues that arose from quantifying the change in habitat: 1) 

minimizing mule deer impact while maximizing site location requirements (see 3.2), 2) 

the low accuracy levels of the mule deer habitat variables used to determine the well site 

locations (see 5.2); and 3) the degree of sensitivity of the mule deer landscape metrics to 
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variable changes (see 4.3). A final evaluation describes the shortcomings of the predicted 

habitat model on mule deer, and further recommendations are made in pursuing the gas 

well development in the Blue Lake Forest Management District. 

 

2.0 Background/Literature Review 

Preface:  The following information pertaining to mule deer habitat has been taken from “Wild Animals of North 

America: Biology, Management, and Conservation 2nd Edition” edited by Goerge A. Felhamer, Bruce C. Thompson, 

and Joseph A. Chapman, 2003. 

 The Blue Lake Forest District is a multiple-use landscape with many stakeholders 

and associated goals and objectives. In relation to mule deer habitat however, several 

important variables have been identified as important to their long-term viability by 

methods and analysis of BOO-YA!.  Maintaining ecological integrity without disregard 

for the objectives of stake-holders is an important priority in current management 

practices.  

2.1 Mule Deer Habitat 

 The habitat preferences of mule deer are very diverse.  They frequent semiarid, 

open forest, brush, and shrub lands associated with steep, broken, or otherwise rough 

terrain (Feldhamer et. al, 2003).  Within this habitat, they also require a mixed canopy 

forest to provide shade in the summer and prevent radiant heat loss in the cold winter 

months.   

Mule deer tend to subsist in a mixed forest setting.  A mixed forest allows them to 

keep a relatively small home range by fulfilling their need to exploit habitat patches and 

forest edges.  Mule deer use these patches and the attributes of a mixed forest to detect 
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and evade predators.  In their attempt to detect danger at a long range, the deer make use 

of open spaces.   

 The mule deer’s use of mixed forest is also important as they require a diversity 

of plant species to satisfy their very diverse diet.  Their need for highly digestible, young 

vegetation suggests that managed forest and edges are good as they are abundant in 

vegetation that is relatively low to the ground.  Because of this wide variety in their diet, 

Feldhamer et. al. (2003) conclude that it is not feasible to generalize about the kinds of 

and quantities of forage use, even by broad forage classes or habitat types.  Therefore, if 

forage cannot be classified, we cannot assume that any one location is best suited for 

mule deer. Instead, a varied and abundant amount of vegetation is key to their habitat.   

 Mule deer receive most of their daily water through the vegetation they consume 

and from dew, but access to water is still highly important to their survival.  Mule deer in 

New Mexico, Arizona, and California travel anywhere between 1.1 km and 2.4 km in one 

day to access water.  When denied this crucial access to a water source, mule deer are 

forced to expand their home ranges, lowering their rate of survival. 

 In summer, mule deer utilize high elevation mountain ranges to take advantage of 

the seasonally abundant herbaceous forages.  Conversely, in winter the deer migrate up 

from valleys and down from high elevations to mid-elevation ranges.  Snow 

accumulation causes difficulty in movement as well as obstructing access to food sources.  

Quick clearing of snow and lack of accumulation make windswept ridges and areas of 

high timber cover ideal winter locations.  Southern and eastern facing slopes are also 

preferred short-term habitats as these slopes receive the most daylight.  The winter 

months are the most critical for deer as this is when their mortality rate is the highest. 
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2.2 Characterizing Landscapes  

 With an understanding of the habitat preferences of the mule deer surrounding the 

Blue Lake area, the next step is to assess if fragmentation to the landscape (caused by 

coal-bed methane gas wells) will disturb their habitat.  Betts et. al. (2003) measured the 

extent and rate of habitat loss and interpreted landscape fragmentation from 1993 to 1999 

using available GIS and Landsat imagery.  The objective of their report was to assess 

whether local species were affected by quantifying landscape patterns and composition 

with metrics.  Although the study evaluated and quantified change over time and 

sensitivity of indicator species, the applicability to evaluating critical mule deer habitat is 

in their application of the methods to assess landscape heterogeneity.  

 Critical determinants of the quality and effectiveness of these metrics are the scale, 

origin, and reliability (or accuracy) of the input data. Despite these challenges, if used in 

combination, existing GIS and remote sensing techniques may represent the best 

available approach for comparing change over large areas and long time periods. 

 Betts et. al. note that some of the most ecologically important landscape metrics 

are total proportion of suitable habitat, edge effects, and patch size, as well as 

configuration metrics such as connectivity and contagion.  They also suggest that "the 

selection of landscape metrics be guided by the need to capture total landscape area, 

diversity of patch types, and various aspects of the patches themselves" (p. 1824).    

 For the purposes of characterizing the landscape near Blue Lake, we have adopted 

Betts et.al.`s method of categorizing habitat area.  They state that "habitat area is the 

amount of habitat within a landscape that meets the requirements of a particular indicator 
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species" (p. 1824).  The use of indicator species is an important method by which to 

categorize changes to landscape.   

 Taking into consideration the errors associated with performing metrics to assess 

landscape fragmentation through GIS and satellite imagery, the need to identify error in 

source data using confusion matrices is critical for a final assessment of any GIS and 

remote sensing analysis (Husch et al., 2003). It must also be acknowledged that although 

an attempt is made to quantify errors in data sources, further error may present itself in 

field sampling and data management, thereby reducing the merit of all the dataset overall.  

 Landscape metrics are indeed the foundation of carrying out sensitivity analysis to 

determine the potential impact of these errors. With all of this in mind, the character of 

the landscape surrounding Blue Lake can be analyzed by the use of mule deer as an 

indicator species in order to quantify potential changes in habitat area by the placement of 

proposed well sites.  This can then be assessed in terms of error by the use of critical 

metrics relating to habitat fragmentation and character. 
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3.0 Methodology 

To fulfill the objectives of this project, a thorough methodology was designed to 

show the impact of gas wells on mule deer habitat both cartographically and structurally. 

After taking an inventory of the study area and all data provided, the literature was 

examined to find key environmental variables that could be used to approximate winter 

habitat, the time of highest mortality and lowest mobility for mule deer (Mackie et al., 

2003). Base maps of these characteristics were created for the study area, their accuracy 

assessed through field work and confusion matrices, and a sensitivity analysis performed 

to determine the effects of base map inaccuracy on the final habitat model (if any). Sites 

for potential gas wells were selected based on accessibility and minimization of 

environmental impact, and maps of deer habitat before and after well development 

assembled. Landscape metrics of the two habitat maps were compared to quantify any 

change in habitat extent or character. 

3.1 Study Area 

The study area is 3000 hectares centred approximately 30 km west of Canal Flats, 

British Columbia in the Purcell Mountains. The environment is considered western-slope 

montane forest (Gadd, 1995). Dominant tree species include lodgepole pine, Engelmann 

spruce, western larch, Douglas-fir and aspen. Sample sites were spread out within a two 

kilometre radius of the main dining hall with denser clusters to the northeast and west. 

Figure 1 shows the exact location of the sample sites in context of the Blue Lake 

landscape. 
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Figure 1.  Location of sample plots�
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3.2 Data Sources 

 Much of the GIS data provided for this project was delivered by Diamond Mines 

Geospatial Consulting Agency. Though it was compiled from various sources, the 

metadata was sparse at best, leaving no accountability for errors or inaccuracies. A major 

contributor to the data was the Vegetation Resource Inventory (VRI), acquired from the 

BC Ministry of Forests and Range (Forest Analysis and Inventory Branch, 2008), the 

source of all vegetation data used for base maps in this project. 

 Cooperative data-sharing with the geospatial firms of Waldo, Doggs, and The 

Discovery Channel allowed for additional sample sites to be included in this analysis, an 

agreement which increased sample sizes for all four projects. With their cooperation, 

accuracy was improved for all parties (see section 3.6). 

3.3 Selection of Habitat Variables 

 Analysis of the literature (see section 2.1) highlighted several important 

environmental characteristics that create an optimal habitat for mule deer: crown closure, 

species composition, stand age, proximity to water, elevation, and slope aspect. Though 

none of the six attributes are directly indicative of mule deer presence, the attributes 

allow for an approximation of presence/habitat by defining areas of likely subsistence, 

protection from harm, and ease of travel. 

Crown closure measures the amount of light reaching the forest floor, an assumed 

surrogate indicator of the amount of shrubs and low growth. Undergrowth provides the 

young shoots and bushes that are a major component of the animal’s diet (Mackie et al., 

2003), thus a map of crown closure is a fair analogue of undergrowth likelihood and 

therefore, mule deer habitat preference. A medium range of crown closure was chosen, 
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between 25% and 75% coverage, as at the higher end of this class the forest will also 

provide defence from predators and the elements, especially in winter. 

 The second criterion was species composition, specifically the percentage share 

by basal area of the dominant tree. Mule deer tend to flourish in areas with medium 

density and mixed composition (Ibid.), so areas with the leading species’ dominance of 

under 50% were classified as optimal, areas with dominance between 50% and 75% as 

secondary, and areas above 100% as other. 

 The mean stand age was, like species composition, a measure of the forest’s 

variety and probable likelihood of young, short growth. Forests older than 100 years were 

assumed to have lower probability of these food sources and thus were classified as other. 

Prime habitat was assumed to be in stands between 50 and 100 years, while stands 

younger than 50 were likely to have more young growth but were also open enough that 

venturing into them would increase liability to predation. 

 The remaining three characteristics were more physical in nature and concerned 

terrain features that are less dynamic than forested growth. Due to the trend of lower 

snowfall, south-eastern facing slopes were classed as primary habitat. Ranges of 

approximately 5 kilometres in diameter have been recorded in California and New 

Mexico, which were assumed to shrink in the mountainous areas to within 2 km of water 

sources (Ibid.). All other aspects and areas outside the water buffer were classified as 

secondary habitat. Finally, the last characteristic was that deer prefer mid-range 

elevations so natural breaks in the elevation data gave a secondary habitat range below 

789m, primary habitat between of 1187m and 1450m, and other habitat at higher 

elevations (Ibid.). 
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 All six characteristics were mapped and combined to create a final habitat map 

using the processes outlined below. 

3.4 Creation of Maps 

 All cartography in this report was carried out using ESRI’s ArcGIS 9.3 

geographic information systems software. 

3.4.1 Base Maps 

In creating the base maps, the determined selection criteria for preferred mule 

deer habitat were used to select appropriate attributes of the landscape in the Blue Lake 

Management District. Each attribute was mapped individually to produce the six base 

maps of the study area. 

 The data sources used in base maps included vegetation data from the VRI, 

hydrologic features from the National Topographic Database (NTDB) and a digital 

elevation model (DEM) of the study area.  In order to focus on the selected base map 

attributes, some basic data manipulation was performed on the source files to isolate 

those variables to be mapped.   

 NTDB hydrologic features were joined together to create an overall picture of the 

region’s waterways.  This included lakes, rivers and streams, and wetlands.  Next, a 

buffer zone of 2 kilometres was applied to represent preferred habitat in terms of access 

to water (see section 3.3)  Because the most critical season for mule deer access to water 

is in the winter, lakes were excluded from the buffer zone, as they are generally frozen 

over in the study region’s climate.  Areas within the buffer zone were considered primary 

habitat, and all else within the water base map as secondary habitat. 
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 The DEM was the source of the base map representing aspect and was calculated 

via a surface analysis geoprocessing tool in the GIS software that was used.  Slope faces 

with South, East, and South East facing aspects were classified as primary habitat, and all 

else as secondary.   The DEM also provided elevation data that was classified into three 

groups via natural breaks (Jenks) method.  The middle range was deemed primary habitat, 

the low end secondary habitat, and the high end of the elevation range as other (see 

section 3.3).   

 The VRI data was the source of the final three base maps: crown closure, 

projected stand age and composition percentage of the primary tree species. Stand age 

was classified by the VRI’s “projected age” field, or the age of the layer at the year of 

projection. This is defined as “an average age, weighed by basal area, of the dominant, 

co-dominant and high intermediate trees for the leading and second species of each tree 

layer identified” (Ministry of Sustainable Resource Management, p. 152).  

 Figure 2 below details the process by which all six maps were created. 



 

 - 17 
- 

��� �

 
Figure 2.  Creation of base map data layers 

 

3.4.2 Habitat Maps 

 In order to characterize mule deer habitat in the study area according to all of the 

selected variables, some general geoprocessing was carried out.  The data used in the 

establishment of potential habitat was in both raster (DEM) and vector formats.  The 

differing formats cannot be directly compared, and so all of the vector data was rasterized 

in order to create a comprehensive habitat map.  This decision came with a slight loss of 

integrity of the data, but was the only way a habitat map could be produced that included 

all six habitat variables. 

In order to combine each rasterized habitat attribute together, they were all 

reclassified to have common values to represent primary, secondary and other habitat.  

Primary habitat classes were assigned a value of 2, secondary habitat as 1, and other was 

given a value of zero.  These values were added together to produce a score to represent 
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overall suitability as Mule Deer habitat.  The highest values represented areas of greatest 

suitability as habitat, and the lowest were the least preferred areas.  The full range was 

then classified into three equal intervals to show primary, secondary and other habitat as 

a function of all six attributes, and thus represents Mule Deer habitat in the pre-

development phase of this project. 

3.4.3 Well Sites 

 In addition to mapping and analyzing mule deer habitat, one of the key objectives 

of this project was to determine the influence of new coal-bed methane gas wells in the 

study area. BOOYA! was asked to select the location of these well sites, therefore several 

potential sites were chosen based on attributes important to their location: proximity to an 

accessible road and low relief. (see Appendix C). 

 Ideally the five wells would be placed in areas outside of primary and secondary 

habitat, but various slope and accessibility issues prevented this from occurring. Instead a 

series of locations were selected visually through prioritizing lower elevations, low-relief 

slopes, and less than 200 meters from major roads identified on the “Geography 391” 

topographic map. Effort was made to place the wells in areas of relatively homogenous 

species composition to minimize cross-over with mule deer primary habitat. 

3.5 Quantification of Habitat 

 Once the characteristics describing preferred mule deer habitat were defined, and 

a map of habitat within the Blue Lake Management District produced, the spatial 

distribution of the habitat was quantified. Using FragStats 3.3 by Kevin McGarigal, the 

polygonal layers of primary and secondary habitat were analyzed with “patch metrics”: 

statistical descriptors of the boundaries, areas, and spatial distribution of distinct regions 
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with the same classification. Three descriptors were chosen to most effectively convey 

the changes in habitat: area, edge density (perimeter over area), and percentage of like 

adjacencies (PLADJ), a percentage measurement of how often pixels are located beside 

other pixels of the same classification, as seen in Equation 1 from the FragStats 

documentation: 

����� � ��� 	 

��

�����
�
������

�
������������
������

��

�����
�
������

���
������
                                (1) 

 PLADJ was selected as the habitat measurement because of its ability to 

approximate the interspersion of patches. By using it on a class level (as opposed to 

landscape or patch levels), identification of differently classified patches allowed for a 

distinction between areas of preferred, secondary, and “other” habitat. This metric is only 

applicable to continuous raster data as it measures individual pixel elements, so data 

manipulation was necessary to ensure the correct file type. The classified maps were 

converted to ASCII text files and processed in FragStats using a cell neighbourhood of 8. 

The cell neighbourhood option allowed for analysis of pixel relationships not only in the 

cardinal directions but also on the diagonals, providing twice as much data and more 

precise calculation of the PLADJ. 

 To determine the effect of coal-bed methane gas well development in the area on 

mule deer preferred and secondary habitat, the PLADJ for pre- and post-development 

maps were compared. The total area and edge density were recorded, but the PLADJ was 

deemed to be the most applicable metric for analyzing the “clumpiness” of the habitat 

patches. 
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3.6 Accuracy Assessment 

 To justify decision-making stemming from the base maps, their accuracy had to 

be verified through field work. The forest was split into distinct regions in the VRI data 

and thus samples had to be taken from each to ensure proper representation of the tree 

population. 

3.6.1 Selection of Sample Sites 

 The selection of sample sites had three desired factors: representation of mule 

deer habitat, accessibility for the field team, and maximization of statistical accuracy. 

The variables used to describe mule deer habitat were selected from the article “Wild 

Animals of North America: Biology, Management, and Conservation Second Edition” 

edited by Mackie et al. and include crown closure, species composition, mean stand age, 

proximity to water, and the combination of slope and aspect.  Ground data was collected 

for crown closure, species composition and mean stand age as they were deemed to be 

the most prone to error.  Slope, aspect, water, and road information was assumed to be 

accurate.  Crown closure, species composition, and stand age significantly determine 

preferable habitat during the summer months especially, while aspect and roads are most 

important during the winter as snowdrift is problematic for deer travel patterns.  The base 

maps were chosen to construct a final habitat map that is applicable year-round, though 

as with many animals, the specific seasonal uses of the habitat would vary. Crown 

closure was chosen as the primary characteristic needing to be mapped, as we assumed 

from the literature that it was the most dominant factor in mule deer habitat (Mackie et al., 

2003).  
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Husch et al. (2003) provided equation 2 that determined the minimum number of 

sample sites necessary to approximate a statistically relevant sample mean within a 

distribution of the recorded map mean for some distribution: 

� � 

� � �� �

 �                                                               (2)
 

Where n is the number of samples, t is the t-value for our desired confidence on a normal 

Gaussian distribution, E is the acceptable error and CV is the coefficient of variance 

calculated in equation 3 below.  
 

!" � ��� 	 

#

$
                                                         (3) 

Where �  is the population standard deviation and µ is the population mean.   

 
Multiple iterations of equation 2 using the answer from the previous iteration 

allowed for a convergence of answers and a final value for n.  Our use of the equation 

included the following values: acceptable error of 30%, the t-value for a 90% confidence 

interval (1.8331) and a confidence interval of 62.23%.  

� % � 

&'()**'+ � &,�(�*+ �

&*%+�
 = 13.5     (4) 

This equation (4), when run multiple times, reported a minimum sample size of 

14 to adequately approximate µ to an accuracy of 70% nine times out of ten. When the 

polygons and sample sites from the other four geospatial firms was included, the equation 

was run backwards to solve for E. With their cooperation, we were able to raise our 

accuracy to 79.2%, nine times out of ten. 

 Because of limited time and manpower, BOOYA! sampled only 5 polygons (with 

two samples sites in each), and an additional 21 polygons were sampled by outside 

sources (see section 3.2). The five polygons were randomly selected using Hawth’s Tools 

extension for ESRI ArcMap 9.3. 
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 The second stage was to identify the number of plots to be sampled within each 

polygon.  As ten sites were necessary for reasonable accuracy, they were divided equally 

among the five polygons.  Two sites per polygon allowed for greater representation of the 

variable within each.  The sites were randomly placed within the polygons, with the only 

limitations being that they be at least 100 meters apart and 200 meters from a road or trail.  

This preferred distance from road ways ensures accessibility for the field crew. 

 The last phase of the multi-stage process was to select trees within each plot using 

the probability proportional to size (PPS) method, a technique described below. 

3.7 Field Data Collection Methods 

 The first task in preparation for the field was creating a data sheet and map. The 

field sheet outlined all variables in question while the field map (Figure 1 above) detailed 

the exact locations of all sample plots. These locations were programmed into the GPS 

for easier orienteering. The next task was to gather the field instruments which included a 

GPS, compass, densiometer, increment bore, hemispherical camera, and BAF2 prism. 

From Blue Lake the field team navigated to plot 2 on foot using the map, GPS 

and compass. The GPS coordinates were recorded upon arrival at every plot, as well as 

qualitative observations about disturbance levels and evidence of deer. The field team 

conducted managed forest monitoring as they moved from site to site and noted any 

evidence of forest disturbance.  The GPS location was noted and forest disturbance was 

recorded as either somewhat disturbed (indications of thinning or selective logging) or 

disturbed (evidence of a cut-block). 

A BAF2 prism was used to include as many trees as possible in the sample, which 

resulted in a better sampling of the trees forming the top layer of the canopy due to their 
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larger size. This process garnered species composition and crown closure information for 

the entire patch, but sampling on an additional level was necessary to complete the multi-

stage selection. 

 Individuals were selected using a systematic method of identifying the first tree of 

each species encountered in line-of-sight after face north and rotating clockwise.  This 

method was chosen as it was unlikely that there would be pre-existing patterns of tree 

growth biasing the sample, however the method would still select dominant and co-

dominant tree contributing to crown closure in accordance with the definition quoted in 

section 3.4.2. 

The hemispherical camera then took a picture of the crown closure at 

approximately breast height (1.3 m). A densiometer was also used to measure the plot’s 

crown closure. The value was calculated by holding the instrument level in the centre of 

the plot and counting the dots that the canopy covers in each north, east, south, and west 

direction.  There were 96 quadrants on the face of the instrument which were used to 

count the visible over storey.  Measurements of crown closuring using both the 

hemispherical lens and a densiometer were taken for validation of previously recorded 

data.  An increment bore was used to drill a hole into the centre of the tree at breast 

height to extract a core sample where the tree’s seasonal rings could be counted to 

determine the approximate age.  Once all variables were recorded, the field team 

navigated to plot 1, then 3, 4, 5, and 6 before returning back to the Blue Lake Centre.  

3.8 Assessment of Base Map Accuracy 

The six base maps were created to represent specific environmental characteristics 

within the study area and were split into two basic categories. The first category included 
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maps of the vegetative characteristics of the landscape generated from the provincially-

managed Vegetation Resource Inventory (VRI).  This included crown closure as a 

measure of canopy density, mean stand age as an average projected age of the trees in the 

area, and species composition represented by the proportional presence of the area’s 

dominant tree species.  The second category of maps charted the static landscape 

attributes of aspect, elevation, and water features. The accuracy of the first category of 

maps was assessed via ground truth sampling completed by field staff, while the accuracy 

of the static map assumed to be true as these layers are less likely to have changed 

significantly barring any geologic activity.  

The base maps for the vegetative date were then compared to the values collected 

during field sampling. This included the variables in the first category; crown closure, 

stand age and species composition. Only these three variables were assessed for accuracy 

given the time and resource constraints.  

The locations of the sample sites were overlaid on top of the vegetation base maps. 

The data collected in the field was then compared with the attribute values represented by 

each of the base maps, each of which was evaluated within a confusion matrix. A 

confusion matrix analyzes the proper classification of reference and map data at the 

nominal and ordinal level. Producer accuracy calculated from the confusion matrix 

measures the correctness of mapped classification, and the user accuracy measures the 

correctness of the reference classification. Incidence of field results that differed from 

that projected by the map data was tallied by frequency of occurrence and categorized. 

This enables the analysis of error to be performed in order to assess the general accuracy 

of the base maps.  



 

 - 25 
- 

��� �
The available data for crown closure, stand age, and species composition was 

ordinal in nature and classified according to the outline of mule deer habitat preferences. 

Confusion matrices were deemed the most appropriate way to compare their accuracy 

against ground truth samples. The producer and user accuracies for each class are shown 

in equations 5 and 6 respectively. 
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The kappa index measured how successful the value was compared to random 

chance by using the confusion matrix as shown in equation 7 (Longley et al., 2005). 
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The reported overall accuracy expressed by error levels of commission and 

omission, as well as kappa value all provided valuable assessment information.  Together, 

they provided a picture of potential error both in terms of attribute values being 

misrepresented by the map data as well as the possibility of values being omitted, 

underrepresented, or overrepresented.  

3.9 Confusion Matrices 

Table 1 analyzes the crown closure using samples to represent the overall 

population. The crown closure results yielded an overall accuracy of 56%, as calculated 

by the methods described above.  The presence of higher producer accuracy signifies 

overrepresented data.  The best measured producer accuracy was between 0-25%.   
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The calculated kappa value of 25% shows that the results were 25% better than 

random chance. An overall trend that should be noted is that values tended to be higher in 

the field than in the map (specifically when comparing the mid-range to the low-range 

percentage of crown closure). The most accurate results were in the mid-range percentage 

values (25.1-75%). 

Table 2 analyzes the species composition of the population. The output of the 

confusion matrices showed an overall accuracy of 39% (as defined according to the 

proportional presence of the dominant species outline previously and in interim report 1) 

Table 1 – Confusion matrix for crown closure 

Table 2 – Confusion matrix for species composition 

Table 3 – Confusion matrix for stand age 
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The results were similar to that of the crown closure as the matrix yielded a higher user 

accuracy which indicated underrepresented map data . The best producer accuracy was 

the mid-range interval 50-74% and the best user accuracy was the highest interval 75-

100%.  

The kappa value of -2.3% tells that the map had a less then random chance of 

being accurate showing that the biggest source of error was the producer. An overall 

trend showed that the map data suggested more mixed composition than field data. The 

most similar results were in the mid-range percentage values (50-74% dominant species). 

Table 3 analyzed the mean stand age of the sampled population in 50 m intervals. 

These results produced an overall accuracy of 41%. The user and producer accuracy were 

similar, however user accuracy was slightly higher meaning the data was slighting 

underrepresented (trees were recorded younger in the field than they actually are). The 

best producer and user accuracy was between 50-99 years.  

The calculated kappa value was 20% meaning the results were 20% better then 

random chance. The overall trend of this matrix showed that neither map nor reference 

data is representative of each other. The best results were in the second youngest class 

(age 50-99). The values underrepresented, overrepresented, as well as the values 

measured correctly all correspond to about the same percentage. Because of limited 

resources only changes in crown closure and species composition were calculated as part 

of the sensitivity analysis. 

3.10 Sensitivity Analysis 

Data acquisition and sampling techniques involved multiple stages, and the 

propagation of error at every stage was inherent and a compromise of acquiring more 
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data. An accuracy assessment evaluated three important habitat variables and how these 

inaccuracies affected the base map predictions. The goal of the sensitivity analysis was 

then to assess the sensitivity of landscape metrics to changes in two key variables, and 

thus provide Diamond Mine Geospatial with a comprehensive description of the potential 

impact of the reported inaccuracies. 

The analysis focused on only variations in primary and secondary mule deer 

habitat: other was held constant as background. The proposed trial equations (table 4) 

manipulated crown closure, chosen because of its low accuracy and high relevance to 

mule deer habitat, and species composition, chosen because of an extremely low kappa 

statistic of -2.3. Stand age had a kappa value of 19.7 but was not manipulated in an effort 

to reduce the complexity of the trial analysis. 40% of polygons were randomly selected 

from the VRI and forced into the 25.1-75% crown closure class. Increasing and 

decreasing adjustments of species composition adjusted 60% of polygons in the 50-74% 

class. Stand age was held constant throughout the evaluation, as well as the other un-

mentioned habitat variables (not shown).  The evaluated landscape metric was Percentage 

of Likely Adjacencies (PLADJ), a contagion-interspersion evaluation of the contiguity of 

each pixel to its own class. The manipulation of each trial was expected to affect PLADJ 

by increasing it, decreasing it, or no having no effect at all.  
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Table 4. Sensitivity analysis of percentage of likely adjacencies (PLADJ) by crown closure (CC) and species 
composition (SC).

1 

Trial Equation Expected EPLADJ 

Unmodified Habitat EPLADJ= CC +  SC + Age � 

Trial 1 EPLADJ= � CC +  SC + Age �  

Trial 2 EPLADJ= CC +  � SC + Age �  

Trial 3 EPLADJ= CC +  � SC + Age �  

Trial 4 EPLADJ= � CC +  � SC + Age ��  

Trial 5 EPLADJ= � CC +  � SC + Age ��  

1Crown closure class 25-75% increased by an additional 40% of 236 polygons. Species composition class 
50-75% were increased and decreased by an additional 60% of polygons. 
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4.0 Results 

4.1 Sensitivity Analysis 

 The percentage of like adjacencies (PLADJ) describes the percentage of cells with 

similar neighbours by patch type. Primary habitat increased along with crown closure 

(table 5), and species composition at 2.25% and 5.53%, respectively. However, when 

decreasing species composition, percent change was -0.18, and the combination equation 

of increasing crown closure and decreasing species resulted in a percent change of 2.98%. 

A visual change in available habitat when species composition is increased is shown in 

Figure 3. 

 Secondary habitat decreased PLADJ for all trials. Increased crown closure and 

increased species composition decreased by -4.59% and -4.28%, respectively (table 5). 

The combination of increasing crown closure and increasing species composition 

decreased at -5.15%, while the combination of increasing crown closure and decreasing 

species composition resulted in -3.30% change in PLADJ. 

Table 5.  Results of sensitivity analysis on percentage of like adjacencies 
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Figure 3. Species composition change in trial 2 
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 The change between the pre-development habitat map (figure 4) and the post-

development habitat map (figure 5) is minimal, and resulted in the loss of primary and 

secondary habitat. 

 The three class metrics used to quantify the change between pre- and post-

development have shown little structural change. Secondary habitat decreased by 4.4 

hectares and primary decreased by 0.8 hectares. In secondary and primary habitat, edge 

density changed by the same amount of 0.1 meters per hectare. Also, PLADJ changed 

marginally for both habitat classes by less than 0.1.  
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Figure 4. Pre-development habitat 
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Figure 5. Post Development habitat 
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5.0 Discussion 

5.1 Habitat Variables 

 Of the six variables used to predict mule deer habitat, some were more effective 

than others. The classification of primary, secondary and other habitat was based on 

limited information of the local biology of mule deer and lack of current map 

sourcesavailable map sources. The variables were not weighted according to their overall 

importance relative to each other, and therefore variables such as crown closure and 

distance to rivers had equal prediction of primary and secondary habitat. A broader 

literature review of local wildlife studies may provide further context to prioritizing 

certain habitat characteristics over others. Stronger justification of categorical class 

breaks may also assist in weighting habitat variables. The use of regional studies provide 

the opportunity of multi-stakeholder interaction, thereby acknowledging the importance 

of the mule deer population as a biologically important recreational species. Also, water, 

stand age, and aspect were categorized into only two classes of primary and secondary 

habitat, therefore decreasing the chance of other habitat occurring in the landscape. As a 

result of this, we expect that other habitat was under-represented in three of the variables. 

5.2 Accuracy of Base Maps 

5.2.1 Confusion Matrices 

The confusion matrix of each variable showed little similarity between the 

collected field data and the information contained in the VRI. These low accuracies are 

attributed to: 1) the information of the VRI map not having been updated recently, 2) the 

Blue Lake forest district being actively managed for timber and pine beetle management, 

3) multiple error sources from field methods and systematic biases, and 4) the small 
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number of field plots used to represent the entire polygon under study. The errors 

documented in the accuracy assessment were used to inform the degree of sensitivity of 

the mule deer landscape metrics to variable changes. 

5.2.1.1 Crown Closure 

 The producer’s accuracy of the 25.1-75% crown closure class indicated a 

tendency of the VRI to underestimate the ground truth values. We suspect that this 

underestimation was influenced by tree growth over time and imprecise measurements in 

densiometer readings. The sensitivity of deer habitat to inaccuracy in crown closure 

measurement was estimated in the sensitivity analysis by increasing polygons with 25-75% 

cover to represent ideal mid-to late-successional habitat. Crown closure error may 

significantly have misrepresented the number of patches and heterogeneity of the forest 

landscape due to recent disturbances. The error was marginally significant since the 

underestimation of crown closure did not influence the preferred mid- to –late-

successional habitat as determined by the number of patches. Forest polygons placed into 

this crown closure class may have expanded the patch size rather than frequency of 

patches. 

5.2.1.2 Species Composition 

Species composition was highly inaccurate, and proved to be less reliable than the 

probability of chance. This may be partially due to the bias of the PPS method toward 

larger trees and the fact that composition was measured in the VRI using air photo 

interpretation. The producer accuracy of the mid-successional class (50-75 years) was 67% 

suggesting some mixed forests may be predicted well than homogenous forests. However, 

the data is conclusive due to the categorical breaks of the mixed forests class. A two class 
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matrix of homogenous forests and mixed forests would have been more appropriate and 

is supported in the literature (Mackie et al., 2003). The final habitat model would be less 

sensitive to species composition error than to other variables if the change was 

incorporated. If large patches of homogenous forests exist and were forced into patches 

of mixed forests, this would be shown in a sensitivity analysis. However, large patches of 

homogenous forests are not prevalent in the study area. 

5.2.1.3 Stand Age 

Because PPS sampling was biased towards larger trees, it not only affected the 

species composition but also the stand age. Although PPS surveyed the prominent crown-

contributing trees, younger trees and tree stands were under-represented. A small sub-

sample of less than 4 trees cores at each plot resulted in inaccurate estimates of stand age. 

The overall accuracy was 40% with a 20% greater likelihood than chance of predicting 

the correct age. It should be noted that stand age, unlike crown closure and species 

composition, was consistently inaccurate as indicated by similar producer and user 

accuracies. The error in the base map was potentially influenced by logging practices 

which falsified the 100-149+ age class. Therefore, this error will increase the number of 

preferred habitat patches because of the increased timber harvest in the mature age 

classes (100+).  

5.3 Sensitivity Analysis 

 Sensitivity to changes in the habitat variables is indicated by non-linear changes 

of PLADJ as each variable is held constant. Primary habitat was sensitive to species 

composition, as indicated by the difference of change in PLADJ between trial 2 and trial 

3. The visual interpretation of change from trial 2 and the base map is difficult due to the 
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illogical prediction of the loss of primary and secondary habitat to the other class. There 

is a chance the map result was mis-calculated, and therefore visual subjective 

interpretation will be avoided. 

 Secondary habitat was not sensitive to species composition or crown closure 

indicated by the change in PLADJ. Assuming a linear relationship and variable 

insensitivity, the results of each trial on PLADJ were as expected (Table 4). 

5.4 Pre- and Post-Development Change 

5.4.1 Location Effects of Coal-bed Methane Gas Wells 

 The access and terrain requirements of coal-bed methane gas wells in the Blue 

Lake Forest District severely restricted potential locations. Further information is 

critically needed to refine the location criteria, including, for example, preferred elevation 

ranges and minimum distances from water sources. 

5.4.2 Assessment of Mule Deer Habitat 

 The loss of primary and secondary habitat due to the footprint of the coal-bed 

methane gas well sites has had negligible effects on the calculated class landscape 

metrics. However, the cost to mule deer primary and secondary habitat cannot only be 

based on the loss of forest structure, but the full cost-benefit analysis of an ecosystem-

based risk assessment to evaluate other components of development. Mackie et al. (2003) 

described the vulnerability of deer to high human-use areas. The assumption of this 

analysis has assumed a very small “zone of influence” from the methane wells, but in 

reality the zone is much larger due to the non-localized and far-reaching impacts of 

human disturbance and possible contamination of the environment. 
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5.5. Data Error 

5.5.1.1 Rasterizing vector data 

 The data source used throughout this analysis was provided in both vector and 

raster format.  The DEM was the only raster source while the VRI and NTDB 

information were provided in vector format.  As mentioned in section 3.4.1, the vector 

data was rasterized in order to assess habitat as a function of all selected attributes.  The 

conversion of polygon data to raster results in longer edges of the raster, and because 

edges are important to mule deer for browse and cover, the evaluation of landscape edge 

metrics may be inaccurate.  

 The rasterization of the polygons also changed the resolution of the data to that of 

the 21 to 22 meter DEM. The VRI polygons were of variable sizes, as well, complicating 

an exact resolution scale of the vector data. Acknowledging the difficulty of determining 

optimal scale for all measures was also presented when evaluating aspect. Primary 

habitat was determined as south-west, south, and south-east facing; however, minor 

changes in aspect depicted a checker-board pattern of aspect classes rather than reflecting 

the general trend of the north-south mountain ranges converging on east-west valleys in 

the area. 

 Vector datasets are subject to their own inherent biases.  Polygons can only 

assume one constant data value across their entire area, and therefore do not reflect the 

internal heterogeneity that is expected in the natural environment.  While it is possible to 

generalize some vegetative features into categories, the VRI polygons over-generalize the 

data. This generalization of data represents the greatest assumption throughout the dataset 

as the VRI polygons range from 0.5 - 232.5 metres. 
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5.5.1.2 Recommendations  

 The generalization of the structural forest attributes at the polygon level has not 

represented the natural continuity of the landscape evidenced through ground truthing 

and observation. The vector format of the environment may be by convention and 

conceptually simpler, but the generalized polygons may represent the interest of the 

timber company stakeholder in generalizing the landscape by polygons for efficient 

evaluation of timber value. It is more difficult to characterize and assess a heterogenous 

landscape, and in some circumstances, vector data is still the appropriate data format. A 

checker-board managed landscape with clear-cut patches may seem appropriate for 

vector data, but does not reflect the mentality of healthy ecosystem sustainability. As well, 

remote sensing and GIS technology are improving constantly and the assessment of 

continuous phenomena by raster format is perhaps more progressive. These current and 

progressive management practices reflect the priority of ecosystem-based management, 

and the contract between Diamond Mine and BOOYA! exemplifies the consideration of 

the ecosystem and the important piece of the puzzle that mule deer are a part of. 

5.5.1.3 Accuracy of VRI data 

 While it has been established that the purpose of the field work carried out was to 

assess the accuracy of the base maps produced, it should also be noted that the accuracy 

of the VRI itself may be a source of data error. The VRI data used was created which 4 

years prior providing another possibility for inaccuracy.  In the assessment of a dynamic 

entity such as a forest, it is unwise to assume that recorded information has remained the 

same over time, even over a relatively short time interval. 
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 Finally, the Blue Lake study region was situated such that it slightly overlapped 

two different VRI sections.  To assess the area, both regions had to be joined together so 

that a continuous area could be assessed.  However, the two regions did not match each 

other perfectly which was likely a source of human error in the compilation of the VRI 

dataset, as well as having potential effects on the landscape metric analysis through 

artificial edges.  Because many polygons crossed the boundary of two sections, once 

merged together, they formed sliver polygons at the boundary in the middle of the two 

adjacent sections.  This propagated throughout our analysis creating inaccurate values. 

5.5.2 Field Error 

The accuracy assessment assumes the reference ground-truth data is without error. 

However, due to the bias and imprecision of field instruments compounded by multiple 

sampling methods of the data sources, the assumption of the reference data may have 

been compromised. For example, the hemisphere camera and the densiometer were both 

used to measure crown closure, which may have presented bias in some measurements.  

Errors from field measurements affected the accuracy assessment, making them 

especially sensitive to the class breaks between intervals.   

5.5.3 Assessment and Sampling Error 

 Several human errors were introduced in the assessment of data which altered the 

results. For example, the species composition confusion matrix was made with four 

headings instead of the three headings it had been previously analyzed with. Errors are 

introduced since the overall user and producer accuracies are not as accurate as they 

should be. Sampling methods also proved to be problematic, especially given the time 

constraints. Although the confusion matrices were the chosen method to assess mule deer 
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habitat, continuous data would have provided a more robust analysis through residual 

mean square error (RMSE). Categorical data was extremely sensitive to subjective 

determination of class breaks. Lastly, the polygons analyzed were each represented by 

variable numbers of plot samples which may have impacted the representativeness of 

some of these data. 

5.5.4 Final Map Error 

 It is important to recognize that all of the potential errors mentioned above tend to 

propagate down to the final map presentation of suitable mule deer habitat. This issue 

becomes an even larger problem because many of these errors began with assumptions 

take of the data and analysis. For example, the landscape metrics chosen and analyzed in 

the sensitivity analysis were assumed to create the most change within the mule deer 

habitat. This was a direct result of limited information on the different metrics combined 

with time constraints. Limited information and resources regarding mule deer habitat 

preferences constrained the analysis, and more data is required to increase the confidence 

of the resulting mule deer habitat assessment. As well, the proposed development of coal-

bed methane gas wells needs to be suspended until further information is gathered. 
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6.0 Conclusion 

BOOYA! has successfully conducted an impact assessment of a pending coal-bed 

methane gas well development project for the Blue Lake study area on the region’s 

biologically- and recreationally-important mule deer population.  We identified the 

structural features of the habitat in both the pre- and post-development phases and 

identified the spatial distribution and quality of habitat within the study area. An 

objective of this project was to examine landscape metrics of the local mule deer habitat. 

Pre- and post-development habitat was evaluated via three landscape-class matrices 

relevant to mule deer preferences and included patch density, patch area, and patch 

contagion/interspersion. By ground-truthing important habitat variables and analyzing the 

scale of their inaccuracies through sensitivity analysis, we were able to estimate their 

relevance as mule deer habitat indicators.  

The shortcomings of the predicted habitat model on mule deer were many:  the 

habitat model was based on criteria that had indistinct boundaries, both through the 

continuous natural landscape and polygon-level source data; data used to compile base 

maps was inconsistent and poorly documented; effective ground work was unfeasible 

given limitations of resources; habitat variables were subjectively classed into categories 

of different weights and non-deer habitat was often under represented; the assumption 

was made that only the 100 metre by 100 metre plot would be affecting the available deer 

habitat, and other ecological implications of methane drilling were not taken into 

consideration; and lastly, the sources of error discussed in section 5.7 also inhibited the 

predicted habitat model. 
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Our recommendations to Diamond Mine are based on products of field work, 

accuracy analyses on base maps, sensitivity analyses for contagion and interspersion and 

PLADJ, landscape metrics at class level for PLADJ, total area, and edge density. 

6.1 Recommendations 

 After creating the confusion matrices and performing the sensitivity analysis 

results, it became apparent that the quality of the data was well below what was necessary 

for an accurate assessment. Despite the man-hours put into the project, the range of 

potential error in the final result indicated that more work was needed to produce a 

reliable estimation of gas wells on mule deer habitat. 

 Polygon data is not representative of natural continuity as found in forest 

ecosystems.  Although raster data can be difficult to obtain and assess, recent 

developments in GIS and remote sensing technology have made the data format more 

progressive.  Due to its ability to more accurately depict dynamic landscapes, raster data 

is the preferred format for representing forest landscapes, and all source data would be 

required at the raster level to perform an accurate assessment of mule deer habitat in the 

Blue Lake Forest Management District. 

 The usefulness of polygon data in forest landscapes is restricted to the interest of 

timber company stake-holders who prioritize an efficient way to evaluate forest 

management districts.  Current ecosystem management practices represent a more diverse 

range of stake-holder interests, however, and therefore raster data is more appropriate for 

a study of this nature. 

 To further build on the results of this pilot study, the official recommendation of 

BOOYA! is that further resources be allocated to execute this assessment in a thorough 
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and statistically valid manner. If the accuracy of the provided data cannot be guaranteed, 

the ability to gather a more widespread sample over a larger area and a longer period of 

time would allow for the data and preferred mule deer habitat variables to be properly 

verified.
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8.0 Appendices 

 
Appendix A: Field sheets 

 
 

 

Ref E: Date: 2-Sep-09
Ref N: Time: 1:35 PM

Field E: GPS Error: ±6m
Field N: GPS Elevation: 1509m

Moisture: M

1 Lw 86
2 Pl 78 Hemi-Cam Densiometer
3 Pl 67
4 Lw
5 Lw Deadwood: 2
6 Pl Disturbance: 0
7 Pl 0 = absent, 1 = present, 2 = abundant
8 Pl
9 Pl Animals: 0

10 Pl 0 = absent, 1 = present
11
12
13
14
15
16

Age

Plot 1

Comments

Mature forest, low undergrowth, no 
evidence of deer. Midden present.

567725
5557774

Crown Closure (%)

567725
5557774

Tree # Species

Ref E: Date: 2-Sep-09
Ref N: Time: 12:50 PM

Field E: GPS Error: ±15m
Field N: GPS Elevation: 1499m

Moisture: M

1 Pl
2 Pl 38 Hemi-Cam Densiometer
3 Pl 74
4 Pl
5 Lw 540 Deadwood: 2
6 Pl Disturbance: 1
7 Pl 0 = absent, 1 = present, 2 = abundant
8
9 Animals: 0

10 0 = absent, 1 = present
11
12
13
14
15
16

Age
Crown Closure (%)

Plot 2

Comments

Scattered stumps, uneven terrain, 
deer poop everywhere. Heard grouse.

567831
5557726

567864
5557758

Tree # Species
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Ref E: Date: 2-Sep-09
Ref N: Time: 2:50 PM

Field E: GPS Error: ±8m
Field N: GPS Elevation: 1429

Moisture: D

1 Lw
2 Lw 42 Hemi-Cam Densiometer
3 Pl 56
4 Pl 73
5 Pl Deadwood: 1
6 Disturbance: 2
7 0 = absent, 1 = present, 2 = abundant
8
9 Animals: 1

10 0 = absent, 1 = present
11
12
13
14
15
16

Age
Crown Closure (%)

Plot 3

Comments

Beside road, beside clearing, heard 
woodpecker.

568077
5557193

568076
5557202

Tree # Species

Ref E: Date: 2-Sep-09
Ref N: Time: 3:15 PM

Field E: GPS Error: ±3m
Field N: GPS Elevation: 1449m

Moisture: D

1 Lw 82
2 Lw Hemi-Cam Densiometer
3 Lw 24
4
5 Deadwood: 2
6 Disturbance: 2
7 0 = absent, 1 = present, 2 = abundant
8
9 Animals: 1

10 0 = absent, 1 = present
11
12
13
14
15
16

Age
Crown Closure (%)

Plot 4

Comments

Clearing, evidence of logging, 
kanikanik everywhere. Possible 

secondary habitat.

568125
5556925

568122
5556924

Tree # Species
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Ref E: Date: 2-Sep-09
Ref N: Time: 3:35 PM

Field E: GPS Error: ±3m
Field N: GPS Elevation: 1458m

Moisture: M

1 Pl 68
2 Pl Hemi-Cam Densiometer
3 Pl 69
4 Pl
5 Lw 152 Deadwood: 2
6 Pl Disturbance: 0
7 Lw 0 = absent, 1 = present, 2 = abundant
8 Pl
9 Lw Animals: 0

10 Pl 0 = absent, 1 = present
11
12
13
14
15
16

Age
Crown Closure (%)

Plot 5

Comments

Site was ~50m from road. Also, 
joggers!

568185
5556841

568187
5556839

Tree # Species

Ref E: Date: 2-Sep-09
Ref N: Time: 4:35 PM

Field E: GPS Error: ±5m
Field N: GPS Elevation: 1417m

Moisture: M

1 Pl 53
2 Lw 300 Hemi-Cam Densiometer
3 64
4
5 Deadwood: 2
6 Disturbance: 0
7 0 = absent, 1 = present, 2 = abundant
8
9 Animals: 0

10 0 = absent, 1 = present
11
12
13
14
15
16

Age
Crown Closure (%)

Plot 6

Comments

Edge habitat, deer poop, ~30m from 
huge clearing

568866
5556900

568853
5556887

Tree # Species
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Ref E: Date: 3-Sep-09
Ref N: Time: 11:50 AM

Field E: GPS Error: ±6m
Field N: GPS Elevation: 1233m

Moisture: M

1 Fd 120
2 Lp 114 Hemi-Cam Densiometer
3 Fd 69
4 Fd
5 Fd Deadwood: 1
6 Fd Disturbance: 0
7 Fd 0 = absent, 1 = present, 2 = abundant
8 Fd
9 Animals: 0

10 0 = absent, 1 = present
11
12
13
14
15
16

Age
Crown Closure (%)

Plot 7

Comments

571000
5558578

570998
5558575

Tree # Species

Ref E: Date: 3-Sep-09
Ref N: Time: 11:25 AM

Field E: GPS Error: ±9m
Field N: GPS Elevation: 1274m

Moisture: M

1 Lp 61
2 Lp Hemi-Cam Densiometer
3 Lp 76
4 Lp
5 Lp Deadwood: 2
6 Fd 68 Disturbance: 2
7 Fd 0 = absent, 1 = present, 2 = abundant
8 Fd
9 Fd Animals: 0

10 Fd 0 = absent, 1 = present
11
12
13
14
15
16

Age
Crown Closure (%)

Plot 8

Comments

571117
5558638

571125
5558644

Tree # Species
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Ref E: Date: 3-Sep-09
Ref N: Time: 10:50 AM

Field E: GPS Error: ±7m
Field N: GPS Elevation: 1340m

Moisture: M

1 Fd 192
2 Pl 61 Hemi-Cam Densiometer
3 Pl 63
4 Fd
5 Lw 92 Deadwood: 2
6 Disturbance: 2
7 0 = absent, 1 = present, 2 = abundant
8
9 Animals: 1

10 0 = absent, 1 = present
11
12
13
14
15
16

Age
Crown Closure (%)

Plot 9

Comments

571308
5558888

571304
5558878

Tree # Species

Ref E: Date: 3-Sep-09
Ref N: Time: 10:25 AM

Field E: GPS Error: ±5m
Field N: GPS Elevation: 1297m

Moisture: M

1 Pl 101
2 Pl Hemi-Cam Densiometer
3 Pl 75
4 Pl
5 Pl Deadwood: 2
6 Pl Disturbance: 0
7 Pl 0 = absent, 1 = present, 2 = abundant
8 Pl
9 Pl Animals: 0

10 Pl 0 = absent, 1 = present
11 Pl
12 Pl
13 Pl
14 Pl
15 Pl
16 Pl

Age
Crown Closure (%)

Plot 10

Comments

571364
5559053

571355
5559038

Tree # Species
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Appendix B: Study Area 
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Appendix C: Potential Well Site Locations 
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Appendix D: Accuracy Assessment Procedure 
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Appendix E: Sensitivity analysis Procedure 
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Appendix F: Methods Overview 

 
Appendix G: Work Schedule Summary 
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Project Manager/Floater: Erin Latham    
Data Team: Allison Cully, Jen Kipling    
Field Team: Emma Bell, Derek Pomerienke    
 
Interim Report 1      
Tues Sept 1      

11:00 Allison - work on data for base maps, begin selection of plots 
 Erin and Jen - Deer habitat characteristics   

 
Emma and Derek- Reaserch sampling design for accuracy assessment and prep 
for meeting with Diamond Mines 

13:00 Group Meeting update    
15:00 Lecture      

19:00 
Meeting with Diamond Mines Geospatial Consulting Agency on project outline 
and goals 

21:00 Group Meeting on project outline   
22:00 Allison and Erin - selection of sample plots, create map 

 Jen - Begin write-up on deer habitat characteristics  

 
Emma - create field work 
outline    

 Derek - continue work on sampling design   
Wed Sept 2      

10:30 Allison - complete base map for field work   
11:45 Emma, Derek and Erin depart for field work   

 Allison - complete the rest of base maps   
 Jen - complete deer habitat background and prep for data entry 

17:00 Emma, Derek and Erin return from field work  

18:00 
Emma and Derek - complete sampling design and collection protocol. Write 
methods and discussion 

 Jen - Complete data entry and finish background  
 Allison - complete Results and work on data  
 Erin - Create outline for project. Write introduction and summary 
 
Interim Report 2      
Thurs Sept 3      

9:00 Interim Report 1 due     
 Emma, Erin and Jen depart for field work   
 Derek and Allison - prep for data collection and error assessment 

13:00 Emma , Erin and Jen return from field work   
14:00 Emma and Erin - Data collection, confusion matrices, discussion and results 

 Jen and Derek - Sensitivity analysis plan, confusion matrices, methodology 
 Allison - sensitivity analysis maps, pre habitat map  
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Final Project 
Fri Sept 4       

12:00 Interim Report 2 due     
14:00 Emma and Erin - Work on Fragstats, begin writing final report 

 
Derek and Jen - Execution of sensitivity analysis. Prep outline of final report 
and begin writing 

 Allison - work on final maps    
 
 
Sat Sept 5      

8:00 Erin - Work on Fragstats    
9:00 Emma - Work on Fragstats and writing final report  

10:00 Jen and Derek - Write final report   

11:00 
Allison - Finish final maps and create flowcharts of methodology. Write final 
report 

 
Sun Sept 6      

8:00 Final Report due     
10:00 Presentation     

 
 
  
 
 
 


