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EXECUTIVE SUMMARY 

 

Digital satellite image data can be used to generate many new information channels 

and indices. Studies have used seasonal differences in multi-temporal ‘Normalized 

Difference Vegetation Index’ (NDVI) values to help explain movements of large 

mammal species such as barren-ground caribou (Rangifer tarandus greenlandicus).  

These studies, however, have typically relied upon coarse-resolution information (i.e. 

250-1000m). The Thematic Mapper (TM) and Enhanced Thematic Mapper  (ETM+) 

onboard the Landsat satellites capture 30m multispectral data, but because of the 

limited satellite overpass schedule, these data are less frequently available and thus 

more likely to be contaminated by clouds. We assessed the success of several 

models containing multiple terrain inputs and vegetation information (derived by 

maximum likelihood classification of TM data with overall accuracy 77%) to predict 

NDVI in clouded areas and to map uniform NDVI surfaces.  We employed change 

detection techniques to derive the phenological differences of vegetation between 

images from four months during the growing season of 2001 and related these to 

seasonal changes for 11 vegetation types in the Greater Besa-Prophet Area of the 

Muskwa-Kechika Management Area in northern British Columbia. 

 

Note: this document is condensed and summarized from “Use of Landsat TM and ETM+ to 

describe intra-season change in vegetation, with consideration for wildlife management”:  

a Master’s thesis at UNBC by Roberta J. Lay,  completed April 2005 



1. INTRODUCTION AND STUDY RATIONALE 

1.1 Study area 

The Muskwa-Kechika Management Area (MKMA) is a 6.3 million hectare wilderness 

area in northern British Columbia and is comprised of 15 protected areas surrounded 

by special management and wildland zones that allow different levels of resource 

extraction and or disturbance. The Besa-Prophet Pre-Tenure Planning Area is a 

portion of the MKMA that permits exploration and extraction of oil and gas resources 

and has been identified as having high natural gas potential.  Although there is 

essentially no industrial activity in the area at present, increased applications for 

petroleum exploration may result in significant landscape alteration.   

 

The Besa-Prophet area has some of the highest habitat ratings in British Columbia 

for several species of ungulates. Landscape disturbance could influence the existing 

movement patterns of these and other large mammals or change available habitat 

resources of multiple species.  If resource extraction and environmental stewardship 

are to co-exist upon the landscape of the Besa-Prophet, baseline seasonal 

vegetation information must be used to identify habitat types and monitor their 

change over time.  With this information, resource use by mammal species could be 

monitored seasonally to help determine the most effective modes of industrial 

access into the area to minimize landscape alteration and changes to critical 

seasonal habitats.  

 

The Greater Besa-Prophet Area (GBPA) is the 740,887-ha research area that 

frames the Besa-Prophet Pre-tenure Planning Area (figure 1).  Boundaries were 

determined based on known migration of large mammals.  The GBPA is located 

between 57°10’  - 57° 50' N latitude and 122° 50’ - 124° 30’ W longitude and 

straddles the border of the Northern Canadian Rocky Mountains and Muskwa 

Plateau ecoregions of the Boreal Cordillera and Taiga Plain ecozones. The area has 

been segmented into four units within the British Columbia Ministry of Forests 

Biogeoclimatic Ecosystem Classification (BEC): Western Muskwa Ranges, Eastern 
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Muskwa Ranges, Muskwa Foothills, and Sikanni Chief Upland (see figure 2).  The 

resulting units are further stratified by three biogeoclimatic zones, which represent 

finer scale attributes: Boreal White and Black Spruce (BWBS), Spruce Willow Birch 

(SWB), and Alpine Tundra (AT).  

 

Large mammals found in the study area include the following: caribou (Rangifer 

tarandus caribou), elk (Cervus elaphus), moose (Alces alces), Stone’s sheep (Ovis 

dalli stonei), white-tailed (Odocoileus viginianus) and mule deer (O. hemionus), 

mountain goats (Oreamnos americanus), wolves (Canis lupus), grizzly (Ursus 

arctos) and black bears (U. americanus) and wolverines (Gulo gulo). 

 

1.2 Study Rationale 

Habitat information that may be related to the seasonal requirements of ungulates 

can be extracted from raw data using arithmetic, geometric, algebraic and other 

transformations. Analysis of spatial information in this way is the only practical 

means of monitoring ecosystems consistently and in a timely fashion as data are 

captured repeatedly over the same area. Several studies have attempted to use 

remotely-sensed data to improve analyses of seasonal resource use by large 

mammals.  However, there is little research involving the application of these 

methods in a mountain environment using a multi-temporal dataset comprised of 

moderate resolution imagery such as Landsat Thematic Mapper (TM) and Enhanced 

Thematic Mapper (ETM+) data. 

 

This research used the Landsat TM and ETM+ to describe changes in vegetation 

through the growing season.  We assumed that vegetation type, distribution and 

seasonal differences are related to the habitat needs of large mammals found in the 

GBPA, and that these species may respond to seasonal changes in vegetation.  The 

primary objective, however, was to investigate concepts and methodologies related 

to remote sensing research, not mammal behaviour.  The data and information 

created from the research are being employed in three related wildlife habitat 

research projects within the GBPA.  For a more complete discussion of the 
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behavioural responses of mammals to terrestrial conditions of the Besa-Prophet, 

please refer to projects undertaken by D. Gustine, A. Walker and B. Milakovic. 

 

1.3 Introduction to Methodologies and Concepts 

The TM sensor onboard Landsat 4 and 5 (launched in 1982 and 1984 respectively) 

included six bands of 30-m resolution data captured in the visible and reflective 

infrared portions of the spectrum and one 120-m thermal infrared band.  The ETM+ 

sensor onboard Landsat 7 is the most recently-launched Landsat scanner.  ETM+ 

data consist of six bands of 30-m resolution visible, near and mid infrared, a 15-m 

resolution panchromatic band, and two 60-m thermal infrared bands.  Both sensors 

repeatedly captured imagery for the same area at separate 16-day intervals until the 

ETM+ sensor malfunctioned in early 2003.  Potentially (with cloud-free conditions), 

seasonal imagery could be compiled at approximately eight-day intervals through the 

growing season. The data scenes collected for this study are listed in table 1. 

Table 1.  Landsat Thematic Mappper (TM) and Enhanced Thematic Mapper (ETM+) 
images collected for the Greater Besa-Prophet Area, 2001-2003.  Solar azimuth and 
elevation were calculated using the approximate centre of the Area  

Date Sensor Path/Row Solar Azimuth Solar Elevation 
04 Jun 2001 ETM+ 50/20 114.48 40.81 
22 Jul 2001 ETM+ 50/20 114.00 37.84 
14 Aug 2001 ETM+ 51/20 122.01 34.64 
15 Aug 2001 TM 50/20 122.24 34.39 
16 Aug 2001 ETM+ 49/20 122.47 34.14 
16 Sep 2001 TM 50/20 126.75 23.58 
01 Oct 2001 ETM+ 51/20 130.63 18.84 
31 May 2002 ETM+ 49/20 119.00 42.23 
15 Jun 2002 TM 50/20 117.29 43.07 
24 Jun 2002 TM 49/20 116.71 42.91 
09 Aug 2002 TM 51/20 120.86 35.93 
09 May 2003 ETM+ 50/20 122.28 38.39 
25 Jun 2003 TM 51/20 116.68 42.87 
29 Jul 2003 TM 49/20 118.79 38.40 

 

We used several statistical, arithmetic and qualitative methods for the purposes of 

describing change in the GBPA with TM and ETM+ data. The procedures are 
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dependent primarily upon two inputs: a supervised image classification and the 

Normalized Difference Vegetation Index (NDVI). 

 

A. Supervised classification 

A supervised image classification associates satellite-derived imagery with terrain 

variables and other landscape information such as field-collected vegetation 

information to assign pixels to a pre-defined scheme.  A maximum likelihood 

classifier computes the statistical probability of each pixel in the dataset belonging to 

one of the classes in the stratified scheme. Probability is determined with the 

development of ‘training sets’ –spectral response patterns of landscape classes that 

have been determined by relating a priori attribute information to input imagery.  

 

B. Normalized Difference Vegetation Index (NDVI) 

Healthy green vegetation absorbs 80%-90% of the energy in the visible red 

wavelengths (630-690 nm) and reflects 40%-50% of the near infra-red (NIR) (760-

900 nm). This reflectance/absorption separation at approximately 700 to 740 nm is 

known as the ‘red edge’ and is the fundamental principle underlying many 

techniques that are used to extract vegetation information from satellite data.  The 

mathematical exploitation of satellite bands to derive this information (usually in the 

red and NIR wavelengths) is a vegetation index – a quantitative measure of the 

vigour of vegetation. The most commonly applied index is the Normalized Difference 

Vegetation index (NDVI).  The NDVI is given as: 

Equation 1    
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where TM4 is the near infrared (band 4), and TM3 is the visible red (band 3).  These 

data have been found to be related to net primary productivity, biomass, leaf area 

index, crown closure and other vegetation characteristics. 
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2. CLASSIFICATION 

  

Using satellite imagery for habitat mapping may reduce the human bias and error 

introduced with traditional techniques such as air photo interpretation and may be a 

more cost-effective alternative to traditional mapping techniques. In mountainous 

terrain, however, topographic variation hinders classification efforts by altering the 

typical reflectance of vegetation types that is received by the orbiting sensor (from 

differential illumination), or by complicating the distribution of vegetation across the 

landscape. As a result, the accurate characterization of vegetation in mountainous 

terrain with satellite imagery can be extremely challenging and accuracy may be 

lower than classification in other areas. 

 

The goal of this project was to create a vegetation classification for multi-species 

wildlife habitat studies that included the most specific information about vegetation 

communities as possible.  A primary objective was to determine the level of detail 

that could be extracted about the vegetation communities of a mountainous area 

using a satellite image classification. 

 

2.1. Data Input 

A cloud-free Landsat 5 TM scene (path 50, row 20, August 15, 2001) was used as 

input for the supervised classification.  The image was orthocorrected with a satellite 

orbital model using the British Columbia Terrain and Resource Inventory 

Management (TRIM) hydrologic and transportation layers and digital elevation 

model.  The image was resampled to 25-m resolution to match the resolution of the 

digital elevation model using bilinear interpolation and subset to match the extents of 

the GBPA.   

 

Fieldwork was conducted on four occasions (June 2001, October 2001, June 2002 

and August 2002).  Because the GBPA is a rugged and remote wilderness area with 

no road access, plot locations were accessed by helicopter.  Locations that were not 
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suitable for access by air (e.g., forested areas, steep slopes, etc.) were accessed on 

foot.  A preferential sampling scheme was adopted, i.e., plot sites were chosen for 

their variability of percent cover, leading and understory species type and aspect in 

order to be representative of variable reflectance values for their class.  

 

Vegetation sampling occurred in a circular area within a 10-m minimum radius of the 

plot location.  At each plot location, dominant species type and percent cover were 

recorded for species occurring in four layers: tree (woody vegetation >2m), shrub 

(woody vegetation <2m), herb (non-woody vascular plants <2m and dwarf shrubs), 

and moss/lichen.  Secondary species were also recorded.  Each layer was then 

assigned a percentage of total vegetation at the plot, and each plot was 

photographed.  There were 146 full plots sampled on the landscape in this manner.   

All locations were displayed on 1m resolution digital orthophotography to ensure that 

the recorded vegetation type was contiguous over a radius of 50m and suitable for 

use in the classification process.   

 

The detailed information of the leading species and understory combinations of 

these full plots was used to develop a vegetation classification that differentiated 

homogeneous vegetation types by grouping them in a hierarchical scheme.  First, 

plot data were separated into three groups, based on their spatial distribution: alpine 

(vegetation in the herb or moss/lichen layer at elevations >1600m), sub-alpine (areas 

above tree line, not including alpine areas) and montane (areas within or below tree 

line or exhibiting similar vegetation).  Plots were then separated into broad groups 

based on the percent cover of the leading species types in each sampled layer (tree, 

shrub, herb, and moss/lichen).  Leading species, aspect, and understory types 

further divided these groups.  This grouped, hierarchical scheme allowed vegetation 

classes (representing vegetation types) to be collapsed into more general or broad 

classes if the data available were insufficient to differentiate vegetation types.  

Vegetation types in riparian areas (those areas with the water table at or near the 

surface for most months of the year) were isolated from the scheme as unique 

classes (i.e., these areas were distinct from areas sharing leading species types).  
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Points for classes that were not field-truthed (e.g. snow/glaciers and water) or non-

vegetated and under sampled (e.g. gravel bars and rocks) were selected by 

interpretation of orthophotography.  These points were selected only in well-known 

areas of the study area.  Table 2  lists the 29 classes defined. 

Table 2.  The 29-class vegetation classification scheme developed for the GPBA: 
MONTANE ALPINE 
Treed 15. Alpine Grass 
 1. Balsam Poplar / Aspen 16. Mountain-Avens / Lichen 
 2. Deciduous / Coniferous Mix 17. Mountain-Avens / Fescue 
 3. Pine: Dry understory 18. Mountain-Avens / Lupine / Rock 
 4. Pine: Shrub / Moss understory 29. Moist Alpine 
 5. Pine / Spruce Mix  
 6. Spruce SUB-ALPINE 
 7. Low-productivity Spruce 20. Krumholtz 
 21. Sub-alpine Shrub: Bog Birch 
Forbs / Shrub 22. Sub-alpine Shrub: Willow 
 8. Recent Burn: Grass / Shrub 23. Sub-alpine Shrub: Bog Birch /Willow /Cinquefoil 
 9. Mixed Deciduous Shrubs 24. Treeline: Spruce to Sub-alpine Shrub transition 
10. Deciduous Shrub: Willow  
11. Fescue NON-VEGETATED 
12. Avalanche Track 25. Gravel Bar 
 26. Rock Outcrop / Talus / Bedrock 
Riparian 27. Rock / Crustose Lichen 
13. Sedge Wetland 28. Water 
14. Riparian Spruce 29. Snow / Glacier 
 

2.2 Spectral Signature Development 

Classification Inputs 

The selection of inputs to be used in a supervised classification influences the 

accuracy of the classification because of the differences in the reflectance of cover 

types in different wavelengths and the distribution of these types on the landscape 

(e.g., slope, aspect and elevation).  We selected Landsat TM bands and their 

derivatives as inputs to the maximum likelihood scheme and performed the 

classification for each input combination using the same training areas.  These 

imagery-based derivatives were selected based on low correlation with band and 

terrain inputs to reduce dimensionality (number of inputs to process) and 
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redundancy.  We assumed these inputs could improve classification accuracy 

because they have been found to be correlated with ground vegetation (NDVI and 

Tasseled Cap ‘Greenness’) or provided data with reduced topographic effect.  Input 

image layers included TM band 5 (mid-infrared), TM band 4 (near infrared) and TM 

band 3 (red).  Derivatives included the Normalized Difference Vegetation Index 

(NDVI), tasseled cap ‘greenness’ component, and components 2 and 3 from the TM 

six-band (excluding thermal) principal component analysis. 

 

The primary determinant of the distribution of features at the landscape level in a 

mountain environment is topography. Vegetation cover characteristics are partly 

allied with the topographic characteristics of the landscape upon which they are 

located.  Elevation controls altitudinal zonality, slope determines drainage 

characteristics, and aspect controls flow direction, solar radiation, evaporation, snow 

retention and some soil properties. For these reasons, elevation, slope and angle of 

incidence (representing the angle of the surface to the sun at the time the image was 

captured) were used as inputs to the classification in order to predict more efficiently 

a class for each pixel using the pre-defined scheme. 

 

Training Areas 

The number of training areas and pixels per training area were dependent upon the 

spatial characteristics of the cover type (estimated contiguous area at the training 

location determined by ground knowledge of the site), and frequency on the 

landscape.  Ortho-photography (1m resolution) was used to aid in the selection of 

the most appropriate pixels for each training area.  The number of pixels used as 

training pixels at each site was determined using the ‘seed’ procedure in PCI 

Imageworks software.  The seeding procedure ‘grows’ irregular regions of training 

areas based upon the digital numbers of the input bands.   
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2.3 Post-classification Filtration and Modelling 

A modal filter was applied using a 3 x 3 moving window to the output classification to 

remove anomalous pixels from homogenous areas.  Any single pixels remaining 

were merged into the class of contiguous neighbours.  Further modelling 

investigated the improvement of the classification by defining terrain-based ‘rules’ for 

the spatial distribution of each class on the landscape.   Although terrain variables 

(slope, aspect, elevation and angle of incidence) were used in the classification, 

these inputs did not sufficiently limit the delineation of classes that were spectrally 

similar but spatially distinct (e.g. although the Moist Alpine class was found on 

northerly slopes, the classifier did not limit the class to these areas).  Rules were 

developed to better associate vegetation types with vegetation classes using 

observations and data gathered during field research.   These rules primarily relied 

upon associations of slope, aspect and elevation as the primary determinants of 

class membership.   

2.4 Accuracy Assessment 

A final sampling trip (June 2003) was conducted in order to collect independent data 

to access the accuracy of the classification.  Ninety-six accuracy assessment plots 

were visited.  At these plot locations, leading species and understory combinations 

were recorded in considerably less detail than full plots. Two hundred and twenty-

five observations also were made from helicopter, and these were used in a similar 

fashion to the accuracy assessment points, but only where the class type was easily 

determined by air.  Full plot data not used as training areas were also used as 

accuracy assessment points.  Concurrent research in the GBPA involved the 

collection of vegetation information at a level of detail similar to that of the full plots of 

this study and 50 vegetation plots were made available from these projects. 
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2.5 Results 

None of the outputs that used the 29-class scheme achieved an overall accuracy 

greater than 50%.  Classes most often confused were those of similar vegetation 

type (e.g. shrub) but of different species composition (e.g., mixed deciduous shrubs 

and deciduous shrub: willow), or classes with the same leading species but different 

secondary species (e.g., Dryas/lichen and Dryas/fescue).   Low-accuracy classes 

were collapsed into more general classes, resulting in overall classification 

accuracies are shown in table 3. and a new scheme of 15 classes (table 4). The. 

The base classification (without derivatives) achieved an overall accuracy of 70.00%.  

Accuracy was improved with the addition of the Tasseled Cap ‘greenness’ (TCG) 

component (72.67%). Application of the 3 x 3 modal filter, and post-classification 

modelling rules improved the overall accuracy of the best classification by 5.33% to 

a final accuracy of 77.33%.  Figure 3 shows the final classification. 

Table 3.  Overall accuracy and KAPPA statistic (κ) of each classification iteration 
that used the 15-class scheme (see Table 4) developed for the Greater Besa-
Prophet Area in northern British Columbia. 
 

Input Overall Accuracy Overall κ 
5,4,3, DEM, Slope, Angle of Incidence (Base) 70.00% 0.68
Base and Principal Component 2 70.00% 0.679
Base & NDVI 69.33% 0.67
Base & Principal Component 3 72.00% 0.7
Base & Tasseled Cap 'Greenness' (TCG) 72.67% 0.71
Base, TCG & all modelling and filtration 77.33% 0.76

 

Coniferous Areas 

The four coniferous classes (Spruce, Riparian Spruce, Low-productivity Spruce and 

Pine) were poorly separated in the base classification.  In the 29-class scheme, the 

Pine class was separated into two types: dry and shrub/moss understories, but these 

were collapsed together in the 15-class scheme.   
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Alpine Areas  

Dryas-dominated Alpine areas and Moist Alpine areas were distinguished from one 

another by assigning them to southerly and northerly slopes respectively.  Some 

confusion is the result of the existence of transition zones between ‘pure’ classes.  

For instance, percent cover of shrubs in the sub-alpine zone declines with increasing 

elevation, until the area becomes ‘true’ alpine (dwarf shrubs only).  Consequently, 

there is a zone of transition from shrub to alpine, which likely explains the confusion 

between Moist Alpine and Shrub 

 

Most confusion among classes can be explained by similarity of spectral signatures 

(e.g., Burned / Disturbed Areas and Shrub) or by the transition of one ‘pure’ class or 

vegetation type to another in similar areas (e.g., Sedge Wetland, Shrub and Riparian 

Spruce).  Topography (particularly shadowing on northerly slopes) did not appear to 

reduce significantly the accuracy of the classification although aspect was the 

primary feature of the Low-productivity Spruce and Moist Alpine classes.   
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Table 4.  Brief descriptions of the 15-class scheme used to classify the landscape of the Greater Besa-Prophet area in 
northern British Columbia. 

CLASS  DESCRIPTION
MONTANE  
Treed  

 

 

 
  

 
  

Pine Lodgepole pine (Pinus contorta) found on well-drained, mid-elevation benches and 
some disturbed areas.  Class includes mature and growing stands. 

Spruce Mature white spruce (Picea glauca) or sub-alpine fir (Abies lasiocarpa) found on 
well-drained soils.   Often associated with shrub (i.e., willow (Salix sp.)/ soopolallie 
(Sheperdia canadensis) or grass understory. 

Low-productivity  Spruce White spruce primarily found on north-facing slopes.  Low density and reduced 
height and diameter compared to mature spruce of other classes.  Understory is 
primarily moss (e.g., Pleurozium schreberi). 
 

Forbs / Shrub  
Mixed Deciduous Shrubs Shrubs <2m.  Variable % cover of willow, bog birch (Betula glandulosa), or shrubby 

cinquefoil (Potentilla fruiticosa).  Includes sub-alpine shrubs. 
 

Riparian
Sedge Wetland Dominated by sedge (Carex aquatilis).  Some moss species or willow depending on 

duration of seasonal standing water. 
Riparian Spruce White spruce or black spruce (P. mariana) associated with sedge or willow.  Found 

in riparian areas and poorly drained stands in the Eastern Lowland area. 
 

Other
Burns / Disturbed Burns and disturbed areas.  Recent disturbances are primarily dominated by fuzzy 

spiked wildrye (Elymus innovatus).  With age these areas develop Aspen (Populus 
tremuloides) and Balsam Poplar (P. balsamifera) shrubs (<2m) and trees (>2m).  
May be associated with stands of Pine. 
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Table 4. Continued. 

 

CLASS  DESCRIPTION
SUB-ALPINE  
Sub-alpine Spruce Transition  Transition from mature spruce or fir to sub-alpine shrubs at treeline.  Includes 

krummholz. 
  

  

 
  

ALPINE
Dryas-dominated Alpine Mountain avens (Dryas octopetala) and fescue (Festuca altaica) dominated alpine.  

Moderate to steep southerly slopes. 
Moist Alpine Poorly drained and northerly alpine slopes.  Primarily dominated by moss with net-

veined willow (Salix reticulata).  Class also includes sites dominated by four-angled 
mountain heather (Cassiope tetragona). 
 

NON-VEGETATED
Gravel Bar Gravel bars of current stream courses.  Class also includes dry streambeds.  

Usually non-vegetated, although Drummond’s mountain avens (Dryas drummondii) 
may occur. 
 

Rock Outcrop / Talus /Bedrock Outcrops of talus and high-elevation, non-vegetated bedrock. 
Rock / Crustose Lichen Large frost-broken boulders with significant cover of crustose lichen such as 

Melanelia hepatizon. 
Water Permanent water bodies. 
Snow / Glacier Permanent snowfields and glaciers. 

. 
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3. INTRA-SEASON CHANGE IN VEGETATION  

 

3.1 Introduction 

 

Studies have used satellite-derived estimates of vegetation ‘greenness’ such as the 

Normalized Difference Vegetation Index (NDVI) or Tasseled Cap ‘Greenness’ 

component to estimate the timing of phenological changes.  These indices take 

advantage of the contrast between high absorption in the visible wavelengths and 

high reflectance of the near-infrared wavelengths by green vegetation and have 

been found to be related to net primary productivity, biomass, leaf area index, crown 

closure and other vegetation characteristics.  A positive change in ‘greenness’ 

values over an intra-season, multi-temporal image sequence  corresponds to 

changes in vegetation phenology such as growth of new tissue or increased above-

ground biomass and may be related to forage quality as new plant tissue is highly 

digestible. This has been related to movement of caribou (Rangifer tarandus 

greenlandicus) in northern Alaska.   

 

These studies employed techniques to derive the change between images of 

different dates and relate this to phenological changes in vegetation.  There is no 

consensus within remote sensing research literature as to which change detection 

procedure performs best because the success of change detection methods 

depends on the landscape characteristics of the study area, the type of change 

being analysed and the temporal resolution of the data.  

 

Many of the studies that have attempted to detect changes in seasonal vegetation 

phenology have used low spatial resolution data such as AVHRR (1km) or MODIS 

(250m). In complex terrain and heterogeneous landscapes such as mountainous 

areas, these low-resolution data are insufficient to describe change in vegetation 

communities.  
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The 30-m resolution Thematic Mapper (TM) and Enhanced Thematic Mapper 

(ETM+) onboard the Landsat satellites (5 and 7 respectively) repeatedly captured 

imagery until the ETM+ sensor malfunctioned in April 2003.  Our goal was to 

produce information about the change in vegetation phenology using Landsat TM 

and ETM+ data that would be appropriate for use in habitat suitability models or 

resource selection functions for large mammals.  The primary objective was to 

determine if change detection methods that have been developed using low-

resolution satellites in uniform terrain could be applied to 30m resolution Landsat TM 

and ETM+ imagery in a mountain environment.   

 

3.2 Datasets 

 

Two datasets were prepared for change detection analyses: 1) TM and ETM+ NDVI 

derived from at-satellite spectral radiances, and 2) data derived from multiple linear 

regression techniques used to estimate NDVI values for areas of missing data 

(MNDVI).  Both datasets were used in the change analyses in order to assess the 

consistency of results between NDVI and MNDVI.  Each dataset included data 

captured 4 June, 22 July, 15 August, and 16 September 2001. October 2001 data 

were omitted from the analysis because of the limited spatial distribution of cloud-

free data, reduced range of values (consistent near-zero or negative values 

indicated vegetation had senesced), presence of new snow, and extreme shadowing 

that was the result of low sun angle for the capture date.  Data for 2002 and 2003 

were not analysed because of the low temporal resolution of the collected imagery, 

and large areas of path-missing and clouded areas. 

 

3.3 Change Detection techniques 

We used two commonly applied change detection techniques, particularly those 

related to change in seasonal phenology of vegetation. 
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Vegetation Profiles 

The creation of a vegetation profile is a simple method to describe the change in 

‘greenness’ values within season or between years.  A vegetation profile 

summarizes NDVI values at pre-determined temporal intervals in sequence by 

computing summary statistics (e.g., min, max, mean, median, and mode) under a 

mask of vegetation types.  Studies have estimated onset, peak and duration of 

vegetation ‘greenness’ by calculating maximum NDVI values for particular time 

periods during the growing season.  The number of days between onset and the 

date that NDVI fell below a threshold value was determined to be the duration of 

‘greenness’ 

 

Vegetation profiles were generated for each vegetated class of a 15-class maximum 

likelihood classification (Table 5).  Analysis of variance (ANOVA) was used to 

determine whether there was a significant effect (α=0.05) of month on the NDVI 

values of each vegetation type.  Peak ‘greenness’ (maturity) was determined as the 

month when the mean NDVI value was the highest.   

 

Image Differencing 

Subtraction of geometrically registered images of different dates produces an output 

image that is the change (difference) between these pairs.  Thresholds of change 

can be developed to determine ‘change’ and ‘no change’ pixels in the output 

histogram using standard deviations from the mean or by empirical examination.  

 

Images earlier in the season were subtracted from those of later months in pairs to 

assess the change in vegetation phenology.  To supplement discussion of the onset 

and duration of photosynthetic activity, June NDVI and MNDVI data were subtracted 

from the September images of each dataset respectively.  Positive values indicated 

NDVI values that were higher in September than in June, while negative values were 

the reverse. 
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Table 5. NDVI and Modelled (MNDVI) values and standard error (σ) by vegetation type among months of the 2001 
growing season in northern British Columbia.  Values marked with a common letter indicate no significant difference within 
vegetation types between months, determined by Tukey’s Honest Significant Difference (HSD). 
 

Vegetation Type June July August September σ (all months) 
MNDVI      
Sedge Wetland

 
      

     
     
     

       
     

      
    

      
    

     
      

    
     
     

    
    

     
      

    
    
    

0.279 0.419 0.387 0.231 0.002
Shrub 0.110 0.460 0.449 0.225 0.002
Low-Productivity Spruce 

 
0.215 0.353 0.301 0.155 0.003

Pine 0.268 0.387 0.359 0.255 0.002
Sub-alpine Spruce

 
0.123 0.442 0.417 0.261 0.002

Spruce 0.226 0.346 0.323 0.213 0.001
Riparian Spruce 0.259 0.359 0.321 0.219 0.001
Dryas Alpine 0.049 0.331a 0.326a 0.166 0.002
Moist Alpine 0.005 0.291 0.322 0.132 0.002
Burned / Disturbed  
  

0.176 0.478b 0.475b 0.273 0.002

NDVI
Sedge Wetland 

 
0.172 0.351a 0.350a 0.210 0.009

Shrub 0.082 0.464 0.444 0.216 0.004
Low-Productivity Spruce 

 
0.211 0.346 0.309 0.154 0.005

Pine 0.245 0.384b 0.367b 0.254 0.006
Sub-alpine Spruce 

 
0.130 0.443c 0.418c 0.244 0.003

Spruce 0.223 0.327 0.306 0.194 0.009
Riparian Spruce 0.254 0.342 0.316 0.220 0.003
Dryas Alpine 0.061 0.309d 0.311d 0.157 0.010
Moist Alpine 0.014 0.302e 0.293e 0.109 0.012
Burned / Disturbed  0.145 0.461f 0.453f 0.268 0.002
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3.4 Results 

Vegetation Profiles 

All vegetation types significantly increased in NDVI between June and July.   NDVI 

values decreased in all vegetation types, although many did not decrease 

significantly.  All values decreased significantly from August to September in both 

datasets.  

Image Differencing 

Three images for each dataset were created from the subtraction of the original 

monthly data: spring (July-June), summer (August-July) and autumnal (September-

August).  These results are graphically illustrated in figures 5-7. 

 

Spring 

In the spring image, most areas had positive change values and the highest positive 

values were related to elevation, although much of the Sikanni Chief Upland 

remained relatively constant (little positive or negative change).  Areas of decrease 

were primarily pixels classified as Sedge-dominated Wetlands, while most of the 

constant areas in the Sikanni Chief Upland and throughout the Muskwa Foothills 

area were found in coniferous areas. Although it was not possible to determine the 

onset of photosynthetic activity and/or the significant accumulation of photosynthetic 

tissue for vegetation types in the GBPA, all types but the Moist Alpine class had 

some positive NDVI values by 4 June 2001.  All change detection methods also 

indicated that most vegetation classes experienced the major increase in values 

across the landscape after 4 June.  The differences between June and September 

indicated that onset and duration of ‘greenness’ and/or rate of greenup was different 

among classes.   
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Summer 

There was little difference in vegetation ‘greenness’ between July and August for all 

classes, indicating that vegetation had reached peak by 22 July.  As the exception, 

the Moist Alpine class followed a similar pattern to the other classes, but did not 

reach peak until August.  The continued increase in NDVI value for some Burned / 

Disturbed areas in the summer image was the most obvious pattern on the 

landscape for these months.  There were also high values in some Sedge-

dominated Wetland areas in the northwest corner of the study area.  Negative 

change from August to September was obvious in the alpine and sub-alpine areas of 

the study area in the autumnal image.  Most Burned / Disturbed areas decreased but 

retained high NDVI values in September and consequently showed the least change 

on the landscape. 

 

Autumn 

Changes between August and September 2001 were most difficult to interpret.  

Because all change from June to August was positive, it is obvious that vegetation in 

all classes was ‘greening up’.  Conversely, all change from August to September 

was negative, indicating that vegetation was nearing dormancy, reducing 

photosynthetic biomass. The September-June difference images provided a 

considerable amount of information regarding the duration of vegetation activity.  

The coniferous areas in the Sikanni Chief Upland area, the Low-productivity Spruce 

class, some areas of Riparian Spruce and north-facing coniferous classes were 

negative, indicating these areas had higher NDVI values in June than in September.  

Other classes found on north-facing slopes such as Moist Alpine and Shrub areas 

were not consistently negative. Alpine and sub-alpine areas had the highest positive 

values, and much of the non-coniferous area below 1600m had values at or near 

zero, indicating that the vegetation was more productive in September than June. 
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Differences Among Vegetation Types 

Coniferous areas and wetland classes had consistently lower values and lower 

amounts of change than other vegetation types.  These classes remained constant 

or declined from June through the rest of the season.  Decreases in Riparian areas 

may have been the result of increasing water levels due to seasonal melting of high-

elevation snow packs through the summer and seasonal differences in rainfall. North 

and east-facing Spruce and Low-productivity Spruce areas experienced the least 

amount of change.  Coniferous vegetation did not experience as much change as 

deciduous vegetation, although areas on south and west-facing slopes (that were 

more likely to have significant cover of vascular plants in the understory) 

experienced more change compared to similar areas on north and east-facing 

slopes.  Areas in the sub-alpine and alpine regions (>1600m) showed higher positive 

change from June to July than other areas, and were the only areas that continued 

to increase from July to August on the landscape, although mean changes were not 

significantly higher. 

 

3.5 Conclusions  

 

This research has demonstrated that a significant amount of information can be 

derived from consecutive intra-season Landsat TM and ETM+ datasets about the 

relative changes in seasonal phenology.  Although this information does not quantify 

changes in leaf area index or biomass, or their precise timing, it does provide 

information about the state of community-level vegetation in spring, summer and 

autumn.  If these seasons can be related to some of the critical seasonal habitat 

requirements of large mammals (i.e., food availability), then these data may help to 

partially explain animal movements. 
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Figure 1.  The Muskwa-Kechika Management Area (MKMA) and Greater Besa-
Prophet Area (GBPA) research area are located in northern British Columbia.

 

22



 
 

Figure 2.  The Greater Besa-Prophet Area and its three subunits in northern British Columbia.
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F 
 

Figure 3  Final classification of the Greater Besa-Prophet Area (overall accuracy 77.33%) in northern British Columbia overlain on 
shaded relief derived from British Columbia Terrain and Resource Information Management (TRIM) digital elevation model.
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Figure 4 Continuous modelled Normalized Difference Vegetation Index (NDVI) 
images derived from the top-performing multiple linear regression models in 2001 for 
the Greater Besa-Prophet Area. 
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Figure 5  Frequency of NDVI derived from multiple linear regression analysis 
(MNDVI) change values and within-class ranges of change for the July-June, 2001 
difference images of the Greater Besa-Prophet Area in northern British Columbia. 
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Figure 6. Frequency of NDVI derived from multiple linear regression analysis 
(MNDVI) change values and within-class ranges of change for the August-July, 2001 
difference images of the Greater Besa-Prophet Area in northern BC. 
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Figure 7.  Frequency of NDVI derived from multiple linear regression analysis (MNDVI) 
change values and within-class ranges of change for the September-August, 2001 difference 
images of the Greater Besa-Prophet Area northern BC difference images of the GPBA.  

 

 

FOLLOWING:  DETAILED DESCRIPTIONS OF CLASSES IN THE FINAL 
MAXIMUM LIKELIHOOD VEGETATION CLASSIFICATION DEVELOPED FOR 
THE GREATER BESA-PROPHET AREA IN NORTHERN BRITISH COLUMBIA
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Figure C1.  The Sedge Wetland class of the 15-class maximum likelihood 
classification developed for the Greater Besa-Prophet Area in northern British 
Columbia. 
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Figure C2.  The Shrub class of the 15-class maximum likelihood classification 
developed for the Greater Besa-Prophet Area in northern British Columbia.  
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Figure C3.  The Low-productivity Spruce of the 15-class maximum likelihood 
classification developed for the Greater Besa-Prophet Area in northern British 
Columbia.
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Figure C4.  The Gravel Bar class of the 15-class maximum likelihood classification 
developed for the Greater Besa-Prophet Area in northern British Columbia.
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Figure C5.  The Rock class of the 15-class maximum likelihood classification 
developed for the Greater Besa-Prophet Area in northern British Columbia.

 

33



 

Figure C6.  The Rock/Crustose Lichen class of the 15-class maximum likelihood 
classification developed for the Greater Besa-Prophet Area in northern British 
Columbia
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Figure C7.  The Water and Snow classes of the 15-class maximum likelihood 
classification developed for the Greater Besa-Prophet Area in northern British 
Columbia.
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Figure C8.  The Pine class of the 15-class maximum likelihood classification 
developed for the Greater Besa-Prophet Area in northern British Columbia
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Figure C9.  The Sub-alpine Spruce Transition Zone class of the 15-class maximum 
likelihood classification developed for the Greater Besa-Prophet Area in northern 
British Columbia.
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Figure C10.  The Spruce class of the 15-class maximum likelihood classification 
developed for the Greater Besa-Prophet Area in northern British Columbia.
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Figure C11.  The Riparian Spruce class of the 15-class maximum likelihood 
classification developed for the Greater Besa-Prophet Area in northern British 
Columbia.
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Figure C12.  The Dryas-dominated Alpine class of the 15-class maximum likelihood 
classification developed for the Greater Besa-Prophet Area in northern British 
Columbia.
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Figure C13.  The Moist Alpine class of the 15-class maximum likelihood 
classification developed for the Greater Besa-Prophet Area in northern British 
Columbia.
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Figure C14.  The Burned/Disturbed Area class of the 15-class maximum likelihood 
classification developed for the Greater Besa-Prophet Area in northern British 
Columbia.
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 REFERENCE              

CLASSIFIED 1               
                
                
                
                
                
                
                
                
                
                
                
                
                
                
                
                

2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total 
1. Sedge Wetland 7 1 0 0 0 0 0 0 0 0 0 0 1 0 0 9
2. Shrub 2 8 0 0 0 0 0 0 0 1 0 0 0 2 2 15
3. Low-productivity Spruce 0 0 7 0 0 0 0 0 0 0 1 0 0 0 0 8
4. Gravel Bar 1 0 0 9 0 0 0 0 0 0 0 0 0 0 0 10
5. Rock 0 0 0 1 10 3 0 1 0 0 0 0 1 0 0 16
6. Rock / Crustose Lichen 0 0 0 0 0 7 0 0 0 0 0 0 1 0 0 8
7. Snow / Glacier 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 10
8. Water 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 9
9. Pine 0 0 1 0 0 0 0 0 6 0 2 1 0 0 0 10
10. Sub-alpine Spruce Transition 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 8
11. Spruce 0 0 0 0 0 0 0 0 3 0 6 0 0 0 0 9
12. Riparian Spruce 0 0 2 0 0 0 0 0 1 0 1 9 0 0 0 13
13. Dryas-dominated Alpine 0 0 0 0 0 0 0 0 0 0 0 0 6 2 0 8
14. Moist Alpine 0 1 0 0 0 0 0 0 0 0 0 0 1 6 0 8
15. Burned / Disturbed  0 0 0 0 0 0 0 0 0 1 0 0 0 0 8 9
Totals 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 150

Table D11.  Confusion matrix of the 15-class maximum likelihood classification of the Greater Besa-Prophet Area in 
northern British Columbia after post-classification modelling and filtration.  Inputs: TM bands 5, 4, 3, DEM, slope, angle of 
incidence, and Tasseled Cap ‘greenness’ component. 
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Table D12.  Accuracy Statistics of the 15-class maximum likelihood classification of the Greater Besa-Prophet Area in 
northern British Columbia after post-classification modelling and filtration.  Inputs: Inputs: TM bands 5, 4, 3, DEM, slope, 
angle of incidence, and Tasseled Cap ‘greenness’ component. 

 User's Producer's κ 
Sedge Wetland 70.00%   77.78% 0.7619
Shrub 80.00%  

   
   
   

   
  

   
   
  
   
   
   
   
   

53.33% 0.5 
Low-productivity Spruce 70.00% 87.50% 0.8661
Gravel Bar 90.00% 90.00% 0.8929
Rock 100.00% 62.50% 0.5982
Rock / Crustose Lichen 70.00% 87.50% 0.8661

 Snow / Glacier 100.00% 100.00% 1
Water 90.00% 100.00% 1
Pine 60.00% 60.00% 0.5714

 Sub-alpine Spruce Transition 80.00% 100.00% 1
Spruce 60.00% 66.67% 0.6429
Riparian Spruce 90.00% 69.23% 0.6703
Dryas-dominated Alpine 60.00% 75.00% 0.7321
Moist Alpine 60.00% 75.00% 0.7321
Burned / Disturbed  80.00% 88.89% 0.881
 
Overall Accuracy: 77.33%
Overall κ: 0.76
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