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EXECUTIVE SUMMARY 

The objective of this study was to determine the extent to which Landsat 

Thematic Mapper (TM) digital imagery could be used to detect and map softwood 

understory in hardwood and mixed wood forest stands in northern Alberta. This study 

undertook a stratification of the forest landscape for deciduous and deciduous

mixedwood stands with a softwood understory. The intended application was an image 

map that could be readily transferred to the GIS as a data layer and incorporated into an 

inventory database. 

The study methodology consisted of an analysis of class structure through leaf-off 

and leaf-on image spectral separability, the prediction of classification accuracy through 

discrimination at selected field sites, the production of unsupervised and supervised 

classification maps, the assessment of accuracy of those maps using separability 

measures, and the development of a modified supervised classification method that 

includes an interpretation of the final map produced using the signatures generated from 

the intersection of unsupervised clusters and GIS polygons. The original class structure 

was comprised of three understory classes defined in crown closure percentage as nil (0-

5%), light (6-60%) and heavy (6 1 %+) beneath five overstory classes defined as 

percentage coniferous and deciduous canopy ( 100% deciduous, 90- 10% deciduous

coniferous, 80-20% deciduous-coniferous, 70-30% deciduous-coniferous, and 60-40% 

deciduous-coniferous). A GIS-based polygon map showing these classes over the area 

was generated through a combination of aerial photointerpretation and field work in 

1 992. This map was imported as a vector, converted to a raster bitmap, and overlayed 

onto the TM imagery to generate image statistics. 

Discrimination of the original class structure using 7 1  field-checked locations 

revealed 74% classification accuracy based on the leaf-off and leaf-on TM spectral data. 

The limited sample used to generate the spectral basis for this separability, however, 

would not be appropriate for large area classification because of the patchy nature of the 

understory, and the variability in overstory stand structure, would preclude signature 

extension without more field observations. An alternative, more useful class structure 

for mapping purposes was devised based on a combination of clustering, interpretation 

of spectral separability statistics, and supervised and unsupervised image classifications. 

The final class scheme consisted of six classes (up to 1 00% deciduous and up to 1 0% 
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coniferous overstory with heavy, light or nil understory, and up to 80% deciduous and up 

to 30% coniferous overstory with heavy, light or nil understory). 

The supervised classification maps, based on signatures generated within the GIS 

polygons, did not appear to represent the understory classes with sufficient accuracy. 

This interpretation was based on very poor separability measured by the B-distance 

statistic, and the knowledge that the patchy nature of the understory was not adequately 

captured in the original understory mapping using the aerial photographs. The 

unsupervised classification confirmed the separation of heavy and nil understory beneath 

various canopy structures, but revealed significant error with the light understory class 

which appeared too broadly defined. 

A modified supervised classification approach based on the intersection of the 

unsupervised classes with the original GIS polygons was used to generate new training 

areas. Signatures from these new training areas had 1 0- 1 5% greater separability than 

those generated using the entire GIS polygon area for a given overstory/understory class. 

Greater statistical separability is a predictor of potential improvements in map accuracy. 

Actual improvements in map accuracy, and the absolute degree of accuracy achieved in 

the mapping portion of this study, await the collection of more detailed field observations 

in the summer of 1995 which will be reported in a future communication. Additional 

work is planned on spectral texture analysis to account for the patchy nature of the 

understory within stands, and on the influence of crown closure on spectral separability 

and class boundaries. 

This report includes a discussion of the project, and a detailed summary of the 

three earlier formal submissions: 

Ghitter, G. S., Hall, R. J., Franklin, S. E., Variability of Landsat Thematic 

Mapper Data in Boreal Deciduous and Mixedwood Stands With Conifer 

Understory, International Journal of Remote Sensing, accepted December 

1994, in press. 

Franklin, S. E., Hall, R. J., Ghitter, G. S., Satellite Remote Sensing of White 

Spruce Understory in Deciduous and Mixedwood Stands, Proc. 

RTIDecision 2000 Symposium, Toronto, Ontario, September 1 994, pp. 

239-247. 
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Ghitter, G. S., Hall, R. J., Franklin, S. E., 1 995, Indentifying Class Structure 

of White Spruce Understory Beneath Deciduous or Mixedwood Stands for 

Improved Classification Results, Proc. 17th Canadian Symposium on 

Remote Sensing, Saskatoon, Sask., June 1 995, 643-649. 

Each of these submissions is also reproduced in a set of three separate 

Appendices. In addition, the main body of the report contains a summary of the MSc 

thesis by Mr Geoff Ghitter (A Modifed Supervised Classification Approach for Mapping 

Coniferous Understory in the Boreal Mixedwood Forest of Northern Alberta, Unpubl. 

MSc Thesis, University of Calgary, June 1995). The original contract specifications and 

three flow charts outlining the methodology are included as Appendices. 
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1.0 Problem Definition 

A current inventory problem in the Mixedwood Section of the Boreal Forest 

Region (Rowe 1972) is to determine the location and amount of white spruce (Picea 

glauca [Moench] Voss) that occurs as a conifer understory within deciduous, and 

predominantly deciduous mixedwood forest stands (Expert Panel on Forest Management 

in Alberta 1990; Peterson and Peterson 1992). Recent surveys in Alberta have reported 

that white spruce understory can occur in up to 80% of stands that have been inventoried 

as hardwood and hardwood-softwood, but current inventories do not document their 

amount, size, spatial location and distribution (Brace and Bella 1988). 

Most forest management activities are based directly or indirectly on forest 

inventory information (Morgan 1991). For example, there are several recent 

management-oriented studies that have investigated harvesting methods for the overstory 

that also minimize damage to the understory (Brace 1992; Navratil et al. 1994). Inventory 

information about the understory component, and its protection during harvesting of the 

overs tory , is considered important because the main source of spruce timber in boreal 

mixedwoods, 60 to 80 years hence, will be those that developed under the protection of 

hardwoods (Brace 1992). Knowledge of the conifer understory is also used to determine 

the conifer land base and to calculate the annual allowable cut (Morgan 1991). Thus, a 

method to identify the potential locations and amounts of understory stands becomes an 

important component of the processes involved in achieving mixedwood management 

goals (Navratil et al. 1994). 

1.1 Understory Mapping and Classification 

Current efforts to map softwood understory in the boreal mixedwoods involve the 

interpretation of leaf-off aerial photographs and field surveys. This approach is time

consuming and expensive to undertake over the large areas that constitute the forest 

management agreements. An additional problem in devising a classification system for 

mapping understory, is that understory stands tend to occur as a continuum, rather than in 

clearly recognizable associations due to their fire history, species ecology and site quality 

(Navratil et al. 1994). This complexity has partially explained why there is, at present, no 

standard provincial classification system for the mapping of conifer understory stands. 

Since the ultimate destination of any conifer understory inventory is a digital Geographic 
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Information System (GIS) database, the output of a conifer understory classification 

system should also be a digital map. A satellite remote sensing approach may be 

appropriate for this application due to its synoptic coverage of large areas, and the 

relative ease by which the digital-to-digital transfer of classified data to a GIS can be 

undertaken. Thus, one of the problems that this study undertook, was to define a conifer 

understory classification system that would have informational value in defining the land 

base, and be appropriate for use with satellite remote sensing data. 

There have been relatively few remote sensing studies that have attempted to map 

conifer understory directly (Stenback and Congalton, 1990). The understory, however, 

can contribute significantly to spectral response patterns in remote sensing studies of 

open canopies. Spanner et al. (1990) for example, reported an increase in reflectance from 

open conifer stands with a well-developed deciduous understory. Fiorella and Ripple 

(1993) employed Landsat Thematic Mapper (Landsat TM) data to identify successional 

stages in regenerating conifer stands when the relationship between understory (herb and 

shrub cover) and reflectance was strong in young, open stands. Maps of insect defoliation 

in Newfoundland contained errors because of understory reflectance (Luther et al. 1991), 

since an increase in reflectance occurred over areas where the canopy was reduced in 

density following defoliation. Stenback and Congalton (1990) quantified the spectral 

effect of understory presence or absence in the Sierran mixed conifer zone for three 

canopy classes (sparse, moderate, dense). 

In central Alberta, Kneppeck and Ahern (1990) analyzed Landsat TM images 

during leaf-off (fall) and leaf-on (summer) conditions. They suggested that leaf-off/leaf

on image dates could be used to map overstory conditions and understory vegetation in 

the boreal mixedwood zone, but that methods must be optimized before the technique 

could be considered for application on an operational basis. The foundation of their 

classification was the use of the leaf-on images to separate the overstory conditions into 

pure deciduous and mixed wood stands. The leaf-off image was then used to indicate 

understory presence or absence. The influence of overs tory stand structure and varying 

amounts of understory on Landsat TM spectral responses were not addressed in their 

study, nor was the applicability of their approach for mapping large areas evaluated. 

Thus, a study designed to assess the detectability of conifer understory over a range of 

overstory species compositions, would further evaluate the utility of Landsat TM data for 

this application. The goal of this study was to determine the extent to which multidate 

Landsat Thematic Mapper (TM) data could be used for mapping softwood understory. 
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This goal was met by pursuing two specific objectives under contract (Appendix 

1) that included: 

i) determining and evaluating classification schemes for detecting and mapping 

conifer understory within deciduous and mixedwood stands (Appendix 2); and 

ii) devising a satellite-based methodology for mapping understory stands and 

illustrating the level of map classification accuracy that can be achieved using 

several combinations of one and two-date (leaf off, leaf on), Landsat TM data 

(Appendix 3). 

2.0 Study Methodology 

2.1 Study Area 

The study area consists of four townships (about 625 square km) in north-central 

Alberta. This area is within the Mixedwood Section of the Boreal Forest Region (B .18a, 

Rowe 1972) that is characterized by mixtures of trembling aspen (Populus tremuloides 

Michx.), balsam poplar (Populus balsamifera L.), white spruce and jack pine (pinus 

banksiana Lamb.). A few isolated stands of white birch (Betula papyrifera Marsh.) and 

balsam fir (Abies balsamea [L.] Mill.) are found on dry and wet sites, respectively. Black 

spruce (Pice a mariana [Mill.] B.S.P.) may also be found on poorly drained sites 

throughout the area. The study area has been mapped to the Alberta Vegetation Inventory 

(A VI) standards (Resource Information Division 1991), which describe cover types by 

moisture regime, crown closure, stand height, species composition, and origin. 

2.2 Understory Classification System and Understory Map 

Based on a cooperative effort between Daishowa-Marubeni, The Forestry Corp. 

(Formerly with W.R. Dempster & Associates), Alberta Environmental Protection, and the 

Canadian Forest Service, the structure of an understory classification system was created 

(Appendix 4: Table 1). A conifer understory map was subsequently produced and input to 

a Geographic Information System (GIS), to provide the basis for image training and 

development of class signatures, and calculation of separability measures. In creating this 
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map, considerations for overstory stand structure were required because there are major 

differences between spruce-dominated and aspen-dominated stands (Peterson and 

Peterson 1992). The overstory information was derived from the Alberta Vegetation 

Inventory (A VI) map supplied by the forest company that holds the timber lease for the 

study area. The discrimination between light and heavy understory was based on a 

threshold of 60% crown closure in the understory interpreted on 1: 10,000 and 1 :20 000 

scale color and black-and-white infrared leaf-off metric aerial photographs, respectively, 

taken during the early spring following snow melt to permit maximum penetration into 

the stand. In addition, 71 field plots and several 35mm oblique supplemental aerial 

photographs located throughout the study area were used to assist in the 

photointerpretation process. 

These considerations resulted in an initial classification system (Appendix 4: 

Table 1) whereby conifer understory stands were mapped to three levels (heavy, light, 

nil) beneath five overs tory stand structures that ranged from pure deciduous (100% 

deciduous) to a 60%-40% deciduous-conifer mixedwood composition. Of the fifteen 

possible classes, fourteen were present in the study area. The map was digitized and 

overlaid onto the Landsat TM image data, and polygons representing the fourteen classes 

were used as training areas to generate class signatures. A subset of the classes described 

in Appendix 4: Table 1 is presented in Appendix 3: Figure 1. 

2.3 Methods to Determine Class Structure, Separability, and Potential 

Classification Accuracy 

The first goal of this study was to develop a classification scheme that may 

correspond to naturally occurring class structures, and which could be tested for 

separability using the remote sensing data. For example, the understory classification 

system with 14 classes was unlikely to be suitable for large area mapping, because the 

10% increments in conifer overs tory did not generate a significantly different spectral 

response that can be discriminated using the available satellite images. Therefore, all 

possible combinations of merging the overs tory classes with two or three understory 

combinations were examined together with the original class schema. These original and 

merged classes were tested for accuracy using a variety of bandsets, including the leaf

offlleaf-on data separately, and then combined. These tests yielded a relative indication 

of the mapping potential of the Landsat TM data for the conifer understory within 

overstory classes. Each bandset was evaluated using discriminant analysis at the 71 field 
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sites. Associated separability measures were generated initially using the signatures 

generated from the GIS polygon overlay bitmaps, and then later using signatures derived 

from a modified supervised classification approach. 

First, a pixel sampling program (Franklin et aI., 1991) was employed to arrange 

the Landsat TM data for each of the 71 field sites that were used to field-check the aerial 

photointerpretation into an attribute table. This table was sorted into training and test 

samples for subsequent analysis and classification using discriminant functions. The 

discriminant procedure combines the variables into linear combinations which maximize 

inter-class distinctiveness. Second, Bhattacharyya distance (Haralick and Fu, 1983) was 

computed as a measure of statistical separability between pairs of spectral signatures. 

Bhattacharyya or B-distance is a measure of the probability of correct classification 

(Mather 1987; Leckie and Ostaff, 1988). Interpretation of the Bhattacharyya distance is 

straightforward: If 0 < B-distance < 1.0 then the data demonstrate very poor separability, 

if 1 < B-distance < 1.9 there is poor separability, and if 1.9 < B-distance < 2.0 there is 

good separability (PCI Inc., 1993). Separability was computed for training areas derived 

from the original GIS polygon overlays and the merged class bitmaps. 

2.4 Unsupervised Classification and Mapping 

The ISODAT A unsupervised clustering algorithm was used to generate a map of 

the spectral classes for comparison to the GIS polygon understory map. Four runs of the 

ISODATA routine were initialized with an expected number of clusters (12 to 16) and 

with a standard deviation of 8, 12, 16 and 20. More complex tests - which isolate the 

effect of different band combinations and algorithm parameters - were not devised for 

this study, but could be examined in follow-on work to determine if there could be 

improvements in definition of the spectral classes. 

2.5 Modified Supervised Classification (Intersection Method) 

The ISODATA unsupervised classification map was combined with the GIS 

polygon understory map using a logical 'AND' function to create a new image map that 

contains the intersection of every ISODAT A cluster with the corresponding understory 

polygons. Nine tests of this intersection approach were conducted using various 

unsupervised classifications and different original or merged GIS polygons. The results 
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when using an unsupervised classification based on an initial cluster standard deviation of 

12 intersected with the four-class scheme are summarized in this report. 

Following the map intersections, each ISODA T A cluster was ranked in 

descending order according to the percentage of pixels overlapping with each overlay 

class. ISODAT A clusters accounting for a minimum of 70% of the overlap were 

thresholded to create bitmaps from which new signatures for a maximum likelihood 

classification could be created. For example, the intersection of ISODAT A clusters 7, 4, 

5 and 8 accounted for 71.3% of the overlap with Class 1, and was used to create a new 

signature. It was hypothesized that signatures created using this approach would more 

adequately describe their spectral variation while maintaining the basic character of the 

original GIS polygons. 

3.0 Results 

3.1 Discrimination of Field Sites 

Appendix 4: Table 5 contains the classification accuracies based on the 

discriminant analysis in each of the original and merged classification schemes using the 

full TM image band set and the reduced band set (three bands suggested by Kneppeck 

and Ahem, 1990). The tests were based on the spectral values located at the 71 field sites 

used to develop the field descriptions of the understory and overstory stands. 

The overstory stands were more accurately defined using the leaf-on image and 

the understory stands were better defined using the leaf-off image, but more accurate 

results were obtained from a combination of leaf-off and leaf-on data. For example, the 

fu11 14-class scheme showed 53% classification accuracy with the Landsat TM leaf-off 

image, and 47% classification accuracy using the Landsat TM leaf-on image. This 

increased to 74% classification accuracy when the image data were combined in the 

discriminant function. When fewer classes were considered in the merging procedure, 

the overs tory conditions appeared to dominate and were slightly better defined using the 

leaf-on image data. In schema with relatively more classes, the leaf-off data produced 

higher accuracies since the classes were more dependent on differences in understory. 

Separability and discrimination results were highest when adjacent classes were 

combined using the full bandset (Appendix 4: Table 6). 
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3.2 Spectral Separability of the Original Class Schema Using the GIS 

Polygons to Generate Signatures 

Class separabilities based on B-distance were interpreted following the generation 

of signatures in training areas based on the original GIS polygons. The highest class 

separabilities were achieved using the two-date Landsat images for the fourteen classes 

(Appendix 5: Table 2). Single-date imagery performed poorly relative to the combined 

image data. There was a decrease in separability in the leaf-on TM data set, illustrating 

that the leaf-off data set was sensitive to the understory because the overstory stands in 

the leaf-on data set partially masked the spectral responses from the understory. 

Appendix 5: Figure 2 contains a graphical representation of the B-distance 

separability statistics generated as a trend surface for the 14-class classification scheme 

based on the Landsat TM leaf-offlleaf-on data in the original GIS polygons mapped 

using aerial photography. Overall, there was poor separability based on B-distance < 1.0 

in all cases. Classes 3, 9 and 13 were the most separable and could be considered 

relatively distinct. For example, class 3-a class with no understory and a 100% 

deciduous overstory reached a maximum separability with classes 4, 7, 10 and 13 all of 

which have a heavy understory with different overstory structures. On the other hand, 

class 3 was most similar to classes 5, 6, 8, 9 and 12, all of which are classes with nil or 

light understory and different overstory structures. Class 13 (60-40% mixed overstory 

with a heavy understory) was most separable from the classes without an understory 

(classes 3, 6, 9 and 12). The least separable classes were 2, 4, 5, 7 and 11. Heavy 

understory was more separable from nil understory classes than from light understory. 

Light understory classes were confused primarily with heavy understory classes. 

Some confusion in the overstory structures associated with mixedwood canopies 

could be expected, but these results indicated that the GIS polygons could not be used to 

generate signatures for use in a classification. 

3.3 Unsupervised Classification (ISODATA Clusters) 

The results when using an unsupervised classification (ISODATA algorithm) with 

an initial cluster standard deviation of 12 are presented in the form of a contingency table 

(Appendix 5: Table 3). Heavy understory in all overstory classes was mapped primarily 

in spectral clusters 1 and 2. The majority of light understory pixels in all overstory 
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classes occurred in spectral clusters 2 and 3. There was some overlap between the light 

and the nil understory, which was mapped into clusters 3 and 4. The patterns suggested 

that there was confusion in spectral cluster 2 between heavy and light understory, and 

confusion in spectral cluster 3 between light and nil understory. 

The pure deciduous overstory was separable from the 60-40% deciduous

coniferous overstory. For example, 62% of the pixels under the 60-40% deciduous

coniferous heavy understory bitmap were incorporated into spectral cluster 1, but only 

23% of the corresponding heavy understory pixels beneath a 100% deciduous canopy 

were included in this cluster. However, the very poor separation of the 70-30% 

mixedwood class and the 60-40% mixed class appeared to indicate that these overs tory 

structures were spectrally indistinguishable. Merging these overs tory and understory 

compositions would result in higher mapping accuracy. This step is consistent with that 

reported by Stenback and Congalton (1990) in the Sierran mixed-conifer zone; they 

achieved 69% classification accuracy in the detection of three overstory canopy closure 

classes and understory presence or absence. 

3.4 Accuracy of Integration-Classification Maps 

The sparseness of the field observations precluded using standard remote sensing 

accuracy assessment techniques based on confusion matrices and the Kappa statistic 

(Congalton, 1991). However, comparison of visual output products, and training area 

separability, can provide critical insight into resulting map accuracy and utility. 

Appendix 6: Table 4 shows the B-distances associated with the class signatures 

generated by training the classifier using the modified supervised approach. Average 

separability for this test was 1.52, significantly higher than the test for the same classes 

based on the signatures generated by the GIS polygon overlays alone (Appendix 6: Table 

3). Significant confusion was evident between classes 1 and 2; classes with heavy 

understory but with different canopy mixtures, and classes 3 and 4, classes with nil 

understory and different canopy mixtures. Separability was very high between all classes 

with heavy or nil understory, indicating that the maximum likelihood classification 

routine was sensitive to understory components regardless of overstory mix. The rise in 

sensitivity can be attributed directly to the new signatures created by the modified 

method. 
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Visual inspection of the classification output (see Appendix 3) can provide 

qualitative evidence of the potential for increased map accuracy when comparing the 

original supervised classification maps (which use the GIS polygons as training areas) 

with the modified supervised classification maps (which use the intersection of the GIS 

polygons and the unsupervised classes as training areas). Classes generated from the 

modified supervised method appeared to match the spatial occurrence exhibited in the 

original polygon overlays quite closely. In addition, those classes tended to have well

defined boundaries with decreased 'speckle' which may be associated with confusion 

among similar classes. 

4.0 Discussion 

4.1 Synthesis 

The underlying themes in this study relate to the problem of identifying a useful 

class structure for mapping conifer understory, and the related issue of the separability of 

spectral classes. Which comes first? The classes, or the fact that they can be mapped 

using satellite remote sensing? Obviously, the need to map certain classes precedes the 

ability to do so using any particular technology. However, the benefits of a large-scale 

satellite remote sensing approach to mapping forest structure - including locating and 

estimating the amounts of understory conifers - must be explored (Appendix 1). 

The understory classes are by nature, unevenly distributed over the landscape, 

because the overstory structures are complex mixtures of species and density. In 

mapping these phenomena using aerial photointerpretation, some degree of generalization 

and spatial averaging occurs, and this blurs the boundary of any class structure. 

Representing such heterogenous GIS polygons with high spatial resolution remote 

sensing signatures that are based on the mean and variance within the polygon area, will 

result in low spectral separability. These natural variations will be identifed by more than 

one spectral class within a mapped GIS understory polygon. 

A supervised classification approach requires 'relatively' pure samples of training 

pixels in an exhaustive, mutually exclusive classification structure. An unsupervised 

classification approach requires that no pre-conceived notion of class structure exists. In 

this study those approaches represent extreme positions that were modified to ensure a 

successful map could be produced. Thus, a modified supervised classification approach 
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which combined the best features of each technique was devised; the unsupervised 

clusters were 'merged' with the original GIS polygons to generate areas for training pixel 

extraction that were relatively pure and representative of the overlapping and broad 

classes in the final mapping scheme. 

4.2 Considerations to Photointerpretation and Understory Mapping 

There are cartographic limits that result in a concept of minimum polygon size at 

a given map scale that may not adequately represent the uneven spatial distribution of 

conifer understory over the landscape. At any map scale, the smallest stand that would 

usually be interpreted and mapped ranges from 0.5 to 1 cm2, and this represents 2 to 4 

hectares on a 1 :20,000 scale map. This area on a geometrically-corrected, resampled 

Landsat TM image with an effective pixel size of 25 m, would range from 32 to 64 

pixels. The results obtained with this study has shown mixed classes within the 

understory map polygon. This suggests that the digital Landsat image map may provide a 

finer level of stratification than what has been interpreted from aerial photographs. An 

accuracy assessment, however, has not been possible because the understory map was 

broader in detail than what the classified image appears to be showing. Thus, additional 

point sampling with differential GPS is suggested so that a contingency table could be 

constructed and an accuracy analysis undertaken. 

5.0 Conclusions and Recommendations 

5.1 Summary 

The discrimination and separability results indicated that the overstory structures 

were not spectally distinguishable in 10% increments of conifer composition. A more 

reasonable spectral discrimination was made between stands containing more or less than 

about 20% conifer in the overstory. The leaf-offlleaf-on data set was superior to either 

data set alone. Reducing the number of bands arbitrarily did not generate better 

classification results. And, the merging of adjacent overstory classes provided maximum 

accuracies on the order of 80%. However, the field sample was too small and biased in 

certain classes to yield a confident predictor of mapping accuracy. 
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The supervised classification procedures revealed that areas of understory mapped 

from colour aerial photographs had poor overall separability because the understory is 

often unevenly distributed within overstory stands, and mapped polygons are often 

averaged during photointerpretation to a much higher degree than can be represented with 

high spatial resolution satellite data. Based on the unsupervised classification tests, the 

understory appeared distinct in at least two classes (presence or absence) within each 

overstory class. Additional work on separating overstory compositions might be based 

on crown closure (to refine class structure) and image texture processing (to account for 

spatial variability in reflectance). 

An intersection technique based on a remote sensing - GIS integration has shown 

potential for mapping conifer understory in deciduous and mixedwood stands. Spectral 

class signatures generated by training on areas of intersection between unsupervised 

clusters and GIS polygon overlays had 10-15% greater average separability than the 

signatures generated by training on the GIS polygon overlay alone. The intersection of 

these unsupervised classes and the mapped polygons can overcome the natural variability 

within these polygons caused by the uneven distribution of understory, the complex 

overstory structures, and the degree of spatial averaging (or the minimum mapping unit) 

used in construction of the GIS map by aerial photointerpretation. 

5.2 Potential Application Scenario 

The premise of this study was to determine the extent to which leaf-off/leaf-on 

Landsat TM data could be used to identify and map the extent of understory stands, as a 

tool in defining conifer land base. Over the 2-year period during which this study was 

undertaken, a newly defined information need by Daishowa was created, and the mere 

identification and location of potential understory stands, in themselves, became 

insufficient. Thus, the original objective as defined by Daishowa-Marubeni, had been 

changed in response to the interests for a more ecosystem-based approach to forest 

management. The current information need by Daishowa-Marubeni is to produce an 

understory map as an independent layer in the GIS, and to place an A VI label for each 

understory stand. To meet this information need will entail photointerpretation of leaf-off 

photographs, ground verification and sampling, transfer to a map base, digitization and 

database creation. Though this process is expensive, the funding for this program has 

been proposed to FRIP. Because the remote sensing approach based on satellite data does 

identify potential locations of understory stands based on an overstory and understory 
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classification, but without an A VI descriptor label, the merging of the image 

classification with photo interpretation as a process, merits investigation. 

A brief overview of the possible procedures to implement this application 

includes: 

1. Undertake an image classification for understory. 

2. Undertake post-classification filtering. 

3. Export the classification as a raster to the ArclInfo GIS such as to ArcGrid. 

4. Run GRIDPOL Y to convert the raster to a vector polygon coverage. 

5. Produce a plot onto an acetate and overlay the acetate onto the air photo. 

6. Have an A VI photo interpreter place an A VI label for each understory 

stand. 

Subsequent stems/ha information, if needed, would be obtained from ground 

surveys. This process would permit the interpreter to check the image classification to 

address omissions and commissions, and to assign an A VI label to classified polygons. 

The GIS exercise simplifies to a database creation exercise by entering the A VI attributes, 

thus saving the cost of photointerpretation transfer to a map and manual digitization. To 

be cost-effective, however, the cost of image data acquisition and analysis must more 

than offset the cost of polygon delineation by the interpreter, its subsequent transfer to the 

map base and the digitization process. 

5.3 Recommendations 

This study has shown that digital Landsat TM leaf-off/leaf-on data can be used to 

map several combinations of overstory and understory conditions in boreal mixed wood 

and deciduous stands in Alberta. The maps produced through the modified supervised 

classification approach compare well to the original GIS polygon map and to the 

qualitative knowledge of the distribution of stand structures in the area acquired during 

the study. Additional efforts in quantitative accuracy assessment, identification of class 

structures, and satellite image processing are needed to develop the operational aspects of 

the understory mapping evaluation which was initiated in this report. 

12 



Future work should include plans to acquire the additional field data to conduct 

independent accuracy assessments of the classified understory map. Additional work on 

refining the class structures (crown closure, more understory classes, etc.) will depend on 

careful design of the data acquisition and stand selections for field sampling and the 

direction of future image processing work. The application scenario described in section 

5.2 should be pursued in order to assess the operational utility. Image texture analysis 

has been shown to provide a powerful method to account for spatially varying 

phenomena in forested environments (Franklin and McDermid, 1993; Peddle and 

Franklin, 1991). In this study, texture could account for complexity in overstory 

structures and the uneven distribution of understory within the GIS polygons. 

A large-scale texture analysis may lead ultimately to a small-scale understanding 

of the distribution of reflecting surfaces. A subpixel analysis of fractional reflectance 

patterns based on mixture models driven by surface observations of endmember spectra 

(crown, background, understory, shadow, etc.) could potentially be used to predict 

understory abundance. The problem of mapping conifer understory in leaf-off imagery 

may be more suited to a mixture-modelling solution where the emphasis is not on the 

detection of the understory, but in an estimation of the understory proportion within 

image pixels. 

6.0 Summary of Major Presentations and Reports 

March 1994 (submitted), December 1994 (accepted), March 1995 (revised): Variability 

of Landsat Thematic Mapper Data in Boreal Deciduous and Mixedwood Stands 

With Conifer Understory, International Journal of Remote Sensing. 

September 1994: Satellite Remote Sensing of White Spruce Understory in Deciduous 

and Mixedwood Stands, RTlDecision Support 2001, Toronto, pp. 239-247. 

December 1994: Evaluation of Classification Approaches to Conifer Understory 

Mapping, Progress Report, Edmonton. 

June 1995: Identifying Class Structure of White Spruce Understory Beneath Deciduous 

or Mixedwood Stands for Improved Classification Results, 17th Canadian 

Symposium on Remote Sensing, Saskatoon, pp. 643-649. 

13 



June 1995: A Modified Supervised Classification Approach for Mapping Coniferous 

Understory in the Boreal Mixedwood Forest of Northern Alberta, MSc Thesis, 

Department of Geography, The University of Calgary. 
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TITLE : Eva luating Landsat and SPOT Digital Imagery for Detect ing 
Softwood Understorey under a Hardwood Canopy 

1.0 Background 

A current problem in mixedwood management is to ascertain the spatial distribution and 
presence of conifer. understoxy to assist management of the land base. Previous studies have 
suggested as much as 80% of stands previously inventoried as hardwood or mixedwood contain 
significant amounts of softwood, and particularly, white spruce understory. Two major studies; 
the expert review panel on "Forest management in Alberta" (1990), and "Ecology, management 
and use of aspen and balsam poplar in the prairie provinces" (1992) have recommended efforts 
to enhance current inventory programs to locate and estimate the amounts of understoI)' 
conifers. Current efforts to meet this need involves interpretation of leaf-off aerial photographs 
and field surveys. This approach C8l1 be expensive and time�onsuming to undertake. 

nte proposed approach is a stratification of the forest landscape for candidate deciduous stands 
with a softwood understory. By producing a product from an image classification, an image map 
could be readily tranSferred to a GIS as a data layer and incorporated into an inventory 
database. If the product was produced from manually interpreting an image enhancement (much 
like air photo interpretation), then the map would need to be digitized into the GIS. Since the 
magnitude of the problem in Alberta is over large areas, Landsat TM or SPOT data may be 

. suitable for this appU�ation. The intended .product from -this study is a methodology suitable for 
enhanclng/updating current inventories# on the location and amount of immature softwood 
understories in deciduous and mixedwood stands for management planning purposes. 

To attain the highest possible classification accuracy will require a combination of spectral 
decision rules augmented with textUral variables and modelling results that are part of the low 
resolution approach to satellite imagety. In low resolution data, the objects are smaller than the 
pixel size, and the pixels are composed of collections of discrete, spectrally dissimnar objects. In 
the understorey project, every pixel to be classified will be subjected to both large window 
variability and within-pixel analysis. Using spectral sipatures, the pixels can be modelled 8$ 
mixtures of objects. Any unknown pixel can be placed into One or more classes based on 
additive combinations of object spectral Signatures. Such data are also suitable for window· 
based spatial processing and image sernivariance analysis. Classification accurades without such 
processms may not exceed 75% correct but previous research suggests improvements to at least 
85% correct are possible through the co�bination of spectral, spatial and mixture modelling 
classification rules. 

2.0 Project Objectives 

The overall objective is to evaluate the use of muitidate Landsat Thematic Mapper (TM) 
and SPOT data for tpapping softwood understory. In addition to evaluating alternative 
lInage analysiS approaches, the method devdoped by the canada Centre for Remote 
Sensing wfll be evaluated, and both an accuraey assessment and identification of posst01e 
sources of etrOr will be undertaken. 
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1. Determine the highest accuracy possible using 8 combination of spectral, spatial 
and modelling techniques on the TM and SpOT lmageIy. For example, customized 
pixel windows for texture analysis, based on the image semivariogram, are needed 
to determine the optimal spatial variables for discrimination of stands composed 
on' non-unifonnly disaibuted objects that are smaller than the pixel size. Similarly, 
the actual derivativeS must be tested (or optimal discrimination. Depending on the 
date of SPOT data acquisition, the anisotrophic effects on reflectance may also 
need to be evaluated. 

2. Develop and apply spectral mixture models to the � and SPOT imagery to 
decompose the signals to constituent objects (e.g. bare soil, conifer, deciduous 
shrub, shadows, etc.). This will involve 8 field-based signature generation 
technique that will enable additive mixture models to be constructed and used to 
predict image variance. -

3. Estimate the costs, time, and discuss implications of the methods and data 
employed on an operational basis. 

3.0 Study Design and Methods 

A current mventory map to Alberta Vegetation Inventory (AVI) speci1i�tions with 
enhancement for softwood understozy has been completed as part-of an inventory for 
Daishowa by W.R. Dempster & Associates. This data will be used as ground truth and for 
comparing interpretations from analyses of two-date, leaf-off, leaf-on Landsat TM and 
SroT imagel)' with stands mapped down to 5-10 ha in size. This study will include a 
literature review of image processing and accuracy evaluation methods, subarea selection 
to test processfng options, and statistical comparisons of image enhancement and 
classification methods. Image data acquisition will require careful consideration to timing 
of bud flush for leaf-off imagety. To meet the project objectives, the following questions 
will be addressed: 

1. Can Landsat TM or SPOT data be used to identify softwood understory stands 
under a hardwood canopy? If so. could the satellite data also be used to indicate 
relative priorities for acquiring medium and large-scale, leaf-off photography? (Le., 
for use on an operational basis) The answer for this question will be pursued in 
the first year while answers to subsequent questions are being answered. The 
difference between SPOT and TM classification accuracies will depend on view 
angle, anisotropic effects and pixel size differences. A method of normalfting 
SPOT data for off-nadir viewing should be developed, and tested for accuracy 
compared to nadir-view TM imagety. The angular signarure generated through 
bidirectional mlectanee distn"bution functions can be used to discriminate among 
spectrally similar pixels and may help to separate different density classes of 
understory vegetation. 
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2. What is the variation in softwood Wlderstoty class accuracy between: 

a) interpretations made on single and two-<1ate enhancements? 

b) parallelepiped (CCRS method) and supervised maximum likelihood (based 
on original bands + vegetation index) classifications? 

c) classifications that make use of spectral and spatial (textural) infonnation 
derived over variable window sizes estimated with the aid of image 
semivarlograms? 

3. What is the difference in softwood understory class accuracy between Landsat 1M 
and SPOT data? The performance of the SPOT bandset compared to the TM 
bandset will be determined through a sensitivity analysis which employs the NDVI 
statistic; and pixel size differences should be studied using semivariograms and 
mixture models. 

. 

4. Is there a proposed solution and what are the costs and implications associated 
with its implementation? 

3.1 General Procedures 

3.1.1 Review forestry and remote sensing literature relevant to forest understorey 
mapping, change detection, and forest image classification. This should also 
include defining/specifying likely methods of accuracy evaluation. 

3.1 .2 Acquire ancillary infonnation (inventory maps (paper, digital). air photos) 
Acquhe satellite data from scientific authority 

3.1.3 Preprocessing .. 
, 

• Using geoteferenced data, select image subset, perfonn image-image registration 
Cor leaf-off /'leaf-on satelllte data, provide residual analysis report. conduct 
nearest neighbo� pixel resampling. . , 

• perform. atmospheric correction to radiometrically calibrate the data to 
reflectance units. ' 
• Extract subareas for image processing and analysis corresponding to "ground
truth" areas. 



STATEMENT OF WORK 
F i l e  No . XSG9 3 - 0 0 1 1 0 - ( 6 1 0 )  

3.1.4 Preliminary analysis 

ANNEX "A" 
Page ... of 5 

- Investigate enhancement approaches and analyze individual band frequency 
histograms that may be useful in identifying potential understorey stands. For 
example, the following multidate color composite may be a useful first step to 
identifying areas having understorey: . 

Leaf on • TM band 4 as RFD image plane I may result in 
. Leaf off • 1M band 4 as GREEN image plane I understorey as 

Leaf on/off - 1M band 3 as BLUE image plane I yellow - orange 

The analysis should attempt disc:rimination among 3 classes of understorey: 
Sparse (light) < 250 stems,lha 
Moderate 250 • 500 stems/ha 
Dense > 500 stems/ha 

(or 2 major stand types: 

Pure overstorey 
I I 1 

. sparse moderate dense 

Mixed stand overstorey 
• 4 i 

spane moderate d� 

Approximately 30 stands of each will be identified and mapPed of which 15 of 
each can be used for training and generating spectral statistics. The remaining 15 
stands of each can be reserved for independent testing of classification results. 

3.1 .5 Import vec:tOl'S of selected undentorey stands from GIS into PCl. Create bitmaps 
and spectral signatures. Compne spectral separability statistics using 8hatta� 
Distance measure. Of major importance is to ascertain the separability among the 
3 understorey classes (ie., are they spectrally separable?), or whether some . 
aggregation of these classes would result in higher classification accuracies. 

3.1.6 Produce a scanerplot (in hardcopy and digital graphic loon ie., PCX or BMP or 
CGM) to support descriptive analysis of the image data set where Y-axis- is average 
band reflectance, X-axis is image clulnnel value from channel l  to 7, and 3 line 
charts representing each oC the understorey classes (sparse, moderate, dense). 

3.1.7 Feature Selection Requirements 
A 2-date l.andsat TM dataset with an NDVI channel for. each dare results in 14 
image channels being available for analysis. High cor.re1ation among some spectral . 

bands results In redundant information a¢ tOnditioning of the covariance matdx. 
in PO. A more optimal band subset should be detennined for the Image 
�cations. 
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3.1.8 

3.1.9 

Evaluate image classification approaches; conduct a) 2-date parallelepiped (CCRS 
method) b) supervised maximum likelihood classifications, and c) classifications 
using �ctra1 decision rules an� .textural variables to address study q�esti?ns. 
Apply post-classification filtering·as needed and compute/assess dassificanon 
accurades. 

Assess the overall impOrtance of bidirectional reflectance patterns, view angle 

effects, pixel size and mixture modelling in obtaining t1;1e maximum classification 
f,lccuracy for the classes of interest. This step will include the analysis of image 
semivarlanee, and the integration of ground-based field spettroradiometer 
signatures (to characterize mixtures). 

. 

4.0 Deliverables : 

1 .  For Item 3.1 .1: literature review report, progress report 
1.. For Items 3.1.3, 3.1.4: Progress report describing results of prel.im.inary analysis 

written as a conference paper and supported by references, copy of PC! image 
database file with enhancement channels, several hardcopy images for review by 
FoI<:an, Daishowa, WR Dempster, and Alta. Environmental Protection. Sample 
images should include an enhancement, a.n.d an enhancement with the vectolS 
encoded on the image with labels. 

l..For Items 3.1.5, 3.1 .6: Draft journal paper supported with appropriate references 
descnoing spectral separability statistics and analysis of scatterplot. The 
scatterplot should be In both hardcopy and digital graphic format (eg., CGM and 
PCX or BMP). Digital graphic slides (eg., CDR, CGM, POe) descnoing the first year 
study that may be used for oral presentations. 

�: For Items 3.1.7, 3.1.8 a,b: Completion of field spectroradiometer study for 3.1.9, draft 
conference or journal paper describing results of conventional image classification 
approaches, hardcopy and digital images showing classification results. 

4/, For Item 3.1 .Be: Progress report, hardcopy and digital images showing results of 
classification approach using spectral decision rules and textural variables. 

S. For Item 3.1.9: Draft final journal paper and if time pennits, a paper presenting an 
overview of the entire project, return of image data and materials, copy of PO 
digital image database complete with documentation, presentation of results to 
assembled forestry audience. 
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ANNEX "B" 
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Payment will be made to you in accordance with the following 
Payment Schedule subsequent to acceptance by the Scientific 
Authority of the relevant Progress Report . 

Payments are to correspond to the level of effort described in the 
Contractor's proposal dated August 5, 1993 . 

PAYMENT DETAILS 

1 .  Following the delivery 
of Items 3 . 1 . 1, 3 . 1 . 3, 
and 3 . 1 . 4 
(December 31, 19 93)  

2 .  Following the delivery 
of Items 3 . 1 . 5  & 3 . 1 . 6 
(March 31, 199 4 )  

3 .  Following the delivery 
of Item 3 . 1 . 7  
(August 31, 19 9 4 ) 

4 .  Following the delivery 
of Item 3 . 1 . S 
(December 31, 19 9 4 )  

5 .  Following the delivery 
of Item 3 . 1 . 9  
(March 31, 19 9 5 )  

6 .  Release of holdback 
following acceptance 
by the Scientific 
Authority of all reports/ 
contract deliverables 
(March 31, 19 9 5 )  

TOTAL FIRM PRICE 
excluding GST 

FOB Edmonton, Alberta 

AMOUNT 
CLAIMED 

$14, 000 . 00 

$ 6, 000 . 00 

$13 � 000 . 00 

$ 7, 000 . 00 

$ 5, 000 . 00 

$ -------

$4 5 , 0 0 0 . 0 0 

HOLDBACK AMOUNT 
DUE 

$1, 4 00 . 00 $12, 600.00 

$ 600 . 00 $ 5, 400.00 

$1, 300 . 00 $11, 700. 00 

$ 7 00 . 00 $ 6, 300. 00 

$ 500 . 00 $ 4, 500 . 00 

($4 , 500 . 00) $ 4 , 500 . 00 

$ -------- $4 5 , 00 0 . 0 0  
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DISCLOSURES CERTIFICATION 
Contract No . 4Y080-3 -0S 0 3 / 0 1-XSG 

ANNEX tiC" 
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This document is to be completed by the contractor and submitted to 
the Regional Science contracting Officer designated in the contract 
document upon completion of the contract. 

( ]  "We hereby certify that all applicable disclosures were 
submitted in compliance w ith General Conditions DSS 9 2 2 4  
(Research and Development) and in accordance with the Contract 
and the Regional Science Contracting Officer's instructions . "  

[ ]  "We hereby certify that there are no disclosures to submit 
under the above referenced Contract, referred to in the 
General Conditions DSS 9 2 2 4  (Research and Development) ." 

S ignature 

Print Name 

Title 

Company Name 

Date 
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APPENDIX 3 

FINAL MAP PRODUCTS 

Figure 1. Three-class conifer understory map from air photo interpretation. 

Figure 2. Three-class conifer understory map from supervised classification with GIS 
polygons. 

Figure 3. Three-class conifer understory map from intersection method. 

Figure 4. Conifer understory map comparisons. 
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3-Class Conifer Understory Map 

Supervised Classification with GIS Polygons 
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3-Class Conifer ·Understory Map 

From Intersect Method 
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Conifer Understory Maps: 
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Variability of Landsat Thematic Mapper data in 
boreal deciduous and mixedwood stands with conifer understory 
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Abstract. In this study, we examine Landsat TM satellite multispectral imagery 

and several image processing strategies to detenn ine the most accurate method to detect 

and map white spruce understories in deciduous and mixedwood stands in Alberta. These 

stands may be considered as part of the conifer land base that is defmed as stands which 

contain or are projected to contain a minimum conifer volume at rotation. Images 

acquired in late April (leaf-off) and late July (leaf-on) were used to generate signatures 

for three levels of understory (heavy, light, nil) in five overstory classes. Separability 

statistics indicate that a reasonable degree of success can be obtained in mapping some 

of the understory classes with conventional classification tools. Linear discriminant 

functions using different classification schema and discriminating variables are presented 

to indicate the level of accuracy that may be obtained in a supervised classification 

mapping exercise. 



1. Introduction 

A current inventory problem in the Mixedwood Section of the Boreal Forest 

Region (Rowe 1 972) is to determine the location and amount of conifer understory within 

deciduous and mixedwood forest stands (Brace and Bella 1 988; Expert Panel on Forest 

Management in Alberta 1 990; Peterson and Peterson 1 992). This information is important 

in calculating the annual allowable cut (Morgan 1 99 1 ). which is defined as the average 

volume of wood that may be harvested annually under sustained yield management 

(Expert Panel on Forest Management in Alberta 1 990). and in determining the conifer 

land base. Forest stands comprised of fifty percent or more coniferous stems are managed 

as part of the conifer land base because they contain or are projected to contain a 

minimum conifer volume at rotation. The amount of conifer understory beneath pure 

deciduous and mixedwood stands governs the management approach. 

Current efforts to map softwood understory in the boreal mixedwood zone involve 

the interpretation of leaf-off aerial photographs and field surveys. This approach is time

consuming and expensive to undertake over the large areas that constitute the forest 

management agreements. In addition. the ultimate destination of the forest understory 

inventory is a digital GIS database. Digital satellite imagery offer the advantage of 

relatively simple digital-to-digital transfer of data if satisfactory levels of mapping 

accuracy can be obtained. 

Few remote sensing studies have attempted to map conifer understory directly 

(Stenback and Congalton. 1 990). although the understory is important in describing stand 

structure and in site classification (Corns 1 992). The understory can contribute 

significantly to spectral response patterns in remote sensing studies of open canopies. 

Spanner et al. ( 1990) for example. reported an increase in reflectance from open conifer 

stands with a well-developed deciduous understory. Landsat Thematic Mapper (Landsat 

TM) data could also be used to identify successional stages in regenerating conifer stands 

(Fioria and Ripple 1 993). when the relationship between understory (herb and shrub 

cover) and reflectance was strong in young. open stands: Maps of insect defoliation in 

1 



1 Newfoundland contained errors because of understory reflectance (Luther et al. 1991), 

2 since an increase in reflectance occurred over areas where the canopy was reduced in 

3 density following defoliation. In another study, Stenback and Congalton ( 1990) quantified 

4 the spectral effect of the understory in the Sierran mixed conifer zone in three canopy 

5 classes (sparse, moderate, dense). They tested numerous TM band combinations and 

6 concluded that TM band 5 was required to achieve the highest accuracies. The highest 

7 classification accuracy obtained in the detection of understory vegetation was 69%. 

8 

9 In central Alberta, Kneppeck and Ahern ( 1990) analyzed Landsat TM images 

10 during leaf-off (fall) and leaf-on (summer) conditions. They suggested that leaf-off/leaf-on 

11  image dates could be used to map overstory conditions and understory vegetation in the 

12 boreal mixedwood zone, but that methods must be optimized before the technique could 

13 be considered for application on an operational basis. The foundation of their 

14 classification was the use of the leaf-on images to separate the overstory conditions into 

15 pure deciduous and mixedwood stands. The leaf-off image was then used to indicate 

16 understory presence or absence. The influence of overstory stand structure and varying 

17 amounts of understory on Landsat TM spectral responses were not addressed in their 

18 study, nor was the applicability of their approach for mapping large areas evaluated. 

19 Thus, a study designed to assess the detectability of conifer understory over a range of 

20 overstory species compositions, would further evaluate the utility of Landsat TM data for 

21 this application. 

22 

23 A two-date, Landsat TM image data base was assembled to determine the 

24 classification accuracies that may be obtained in the mapping of conifer understory, as 

25 compared to a map produced from interpreting leaf-off aerial photographs. This paper 

26 presents a proposed classification scheme for conifer understory that was arrived at after 

27 testing cluster analysis results and interpretation of separability statistics. Since the 

28 classification accuracies that may be achieved with Landsat TM data may be influenced 

29 by the image bands employed, results from the full set of Landsat TM bands are 

30 compared with those using a band subset (Horler and Ahern, 1986). This resulted in 

2 



1 creating two objectives for this study that included: 1 )  determining and evaluating 

2 classification schemes for detecting and mapping conifer understory within deciduous and 

3 mixedwood stands; and 2) illustrating the level of classification accuracy that can be 

4 achieved using several combinations of one and two-date (leaf off, leaf on), Landsat TM 

5 data. 

6 

7 2. Study area 

8 The study area consists of four townships (approx. 625 square km) in north-central 

9 Alberta north east of the town of Peace River (Figure 1 ). This area is within the 

1 0  Mixedwood Section of the Boreal Forest Region (B. 1 8a, Rowe 1 972) characterized by 

1 1  mixtures of trembling aspen (Populus tremuloides Michx.), balsam poplar (Populus 

1 2  balsamifera L.), white spruce (Picea glauca [Moench] Voss) and jack pine (Pinus 

1 3  banksiana Lamb.). A few isolated stands of white birch (Betula papyrifera Marsh.) and 

1 4  balsam fir (Abies balsamea [L.] Mill.) are found on dry and wet sites, respectively. Black 

1 5  spruce (Picea mariana [Mill.] B.S.P. ) may also be found on poorly drained sites 

1 6  throughout the area. 

1 7  

1 8  The study area has been mapped to the Alberta Vegetation Inventory (A VI) 

1 9  standards (Resource Information Division 1 99 1 )  that describe cover types by moisture 

20 regime, crown closure, stand height, species composition, and origin. 

2 1  3 .  Data acquisition and methods 

22 

3 



1 3.1 Image acquisition and preprocessing 

2 Landsat TM images were acquired in geocoded format for April 1 8, 1 99 1  (leaf-off) 

3 and July 23, 1 99 1  (leaf-on) with solar conditions of 40.580 elevation/I 50.7 1 0 azimuth, and 

4 49.520 elevation/I 44.77° azimuth, respectively. Atmospheric effects, judged minor after 

5 examination of image displays were corrected using the dark-object pixel subtraction 

6 technique (Chavez, 1 988; Campbell and Ran, 1 993). The solar zenith angle correction 

7 algorithm presented by Franklin and Giles ( 1994) was implemented to permit the direct 

8 comparison of reflectance between the two dates. Topographic correction was not 

9 necessary in the relatively flat terrain of the study area 

10 

1 1  

12  

3.2 Creation of a conifer understory map classification system 

1 3  A conifer understory map was produced and input to a Geographic Information 

1 4  System (GIS), to provide the basis for image training and development o f  class signatures, 

1 5  and calculation of separability measures. In creating this map, considerations of overstory 

1 6  stand structure were required since there are major differences between spruce-dominated 

1 7  and aspen-dominated stands (Peterson and Peterson 1 992). The overstory information 

1 8  was derived from the A VI map supplied by the forest company that holds the timber lease 

1 9  for the study area. The discrimination between light and heavy understory was based on 

20 a threshold of 60% crown closure in the understory interpreted on 1 :20 000 scale color 

2 1  infrared leaf -off metric aerial photographs taken during the early spring following snow 

22 melt to permit maximum penetration into stand. In addition, 7 1  field plots and several 

23 35mm oblique supplemental aerial photographs located throughout the study area were 

24 used to assist in the photo interpretation process. These 7 1  plots were used in the 

25 discrimination techniques described in the following sections. 

26 

27 These considerations resulted in an initial classification system (Table 1 )  whereby 

28 conifer understory stands were mapped to three levels (heavy, light, nil) beneath five 

29 overstory stand structures that ranged from pure deciduous ( 1 00% deciduous) to a 60%-

4 



1 40% deciduous-conifer mixedwood composition Of the fifteen possible classes, fourteen 

2 were present in the study area. The map was digitized and overlaid onto the Landsat TM 

3 image data, and polygons representing the fourteen classes were used as training areas to 

4 generate class signatures. 

5 

6 3.3 Methods to determine class structure 

7 Since a spectral basis for this class structure may not exist, the mean spectral 

8 measures in each of the classes for the fourteen class scheme were processed by a 

9 hierarchical clustering technique based on the squared Euclidean distance (Chuvieco and 

1 0  Congalton 1 988; Kerber and Schutt 1 986; Mausel et al. 1 990; SPSSx 1 986). The objective 

1 1  was to produce groups that may correspond to naturally occurring class structures which 

1 2  could be tested for separability using the remote sensing data. These classes were then 

1 3  tested for accuracy from a variety of bandsets as suggested by Horler and Ahem ( 1986) 

1 4  and Ahem and Sirois ( 1989) using the leaf-off/leaf-on data separately and then as one 

1 5  bandset. Each bandset was evaluated using discriminant analysis and Bhattacharyya 

1 6  distance separability measures (B-distance). 

1 7  Finally, a method of combining the spectral class signatures of adjacent overstory 

1 8  classes in all possible combinations with one of two understory combinations was 

1 9  attempted (Table 3). This method was designed to arrive at a class structure where 

20 disparate classes (for example, classes with heavy and light understory) would not be 

2 1  combined although they may look spectrally similar. 

22 

23 

24 

3.4 Separability and discrimination of closses 

25 Bhattacharyya distance (Haralick and Fu, 1 983) was computed as a measure of 

26 statistical separability between pairs of signatures that were previously generated from 

27 training areas of the understory polygons. B-distance is actually a measure of the 

28 probability of correct classification (Mather 1 987) that has been used as a measure of 

29 discrimination between a set of classes based on a set of spectral bands (Leckie and 

5 



1 Ostaff, 1 988). Interpretation of the Bhattacharyya distance is straightforward: If 0 < B-

2 distance < 1 .0 then the data demonstrate very poor separability, if 1 < B-distance < 1 .9 

3 there was poor separability, and if 1 .9 < B-distance < 2.0 there was good separability 

4 (PCI Inc., 1 993). 

5 A pixel sampling program (Franklin et al. 1 99 1 )  was employed to arrange the 

6 Landsat TM data for each of the 7 1  field sites that were used to field-check the aerial 

7 photo interpretation into an attribute table. This sample was sorted into training and test 

8 samples for subsequent analysis and classification using discriminant functions. The 

9 procedure combines the variables into linear combinations which maximize inter-class 

10  distinctiveness (Klecka 1 980, Tom and Miller, 1 984, Kershaw 1 987, Franklin and 

1 1  McDermid 1 993). The discriminant results based on these 7 1  field sites are expressed as 

12  the per cent classification accuracy, and together with the Bhattacharyya statistics, yield 

1 3  a relative indication of the mapping potential of the Landsat TM data for the conifer 

1 4  understory within overstory classes. 

15  

1 6  4. Results and discussion 

1 7  

6 



1 4.1 Cluster analysis 

2 The cluster analysis for the four stage and eight stage aggregations are shown in 

3 Table 2. The four stage clustering generated ten classes which do not appear logical and 

4 which may not conform to the requirements for mapping understory and overstory 

5 conditions. For example, in the first stage, the 90% deciduous - 1 0% coniferous overstory 

6 with light understory is merged with the 80% deciduous - 20% coniferous overstory with 

7 light understory. At the second stage, the 80% deciduous - 20% coniferous overstory 

8 with heavy understory is merged with the 70% deciduous-30% coniferous overstory with 

9 heavy understory. At the third stage, the first cluster (80-90% deciduous - 10-20% 

10  coniferous overstory with light understory) includes the 60% deciduous - 40% coniferous 

1 1  light understory. The last stage clusters the 90% deciduous - 1 0% coniferous with nil 

12  understory and the 80% deciduous-20% coniferous overstory with nil understory to create 

13  a single cluster with a range of  80-90% deciduous and up to 20% conifer in the overstory, 

14  but with a nil conifer understory. 

1 5  

1 6  In the six class scheme there was some confusion between heavy and light 

1 7  understory (Table 2). The 100% deciduous overstory with heavy understory is merged 

1 8  with the 70% deciduous - 30% coniferous overstory having only light understory. This 

1 9  clustering points to a significant source of confusion that can be expected in the pixel 

20 discriminations and in the larger mapping exercise: mixedwood stands with a significant 

21  component of  the overstory comprised of conifers can resemble (spectrally) stands without 

22 conifers in the overstory if the understory is dense. However, the following stages 

23 illustrate reasonable mapping logic as the 80% deciduous -20% coniferous overstory with 

24 heavy understory and 70% deciduous - 30% coniferous overstory with heavy understory 

25 are grouped with the 60% deciduous - 40% coniferous overstory with heavy understory. 

26 The fmal two stages show that the 100% deciduous overstory with light understory is 

27 merged with 90% deciduous overstory with light understory, the 80% deciduous overstory 

28 with light understory, and then the 60% deciduous overstory with light understory. The 

29 90% deciduous overstory with nil understory and the 80% deciduous overstory with nil 

30 understory are merged with the 70% deciduous overstory with nil understory. These 

7 



1 results indicated that a mapping structure that may provide maximum statistical 

2 separability and maximum class accuracy was possible. 

3 

4 4.2 Other grouping schemes 

5 It was apparent that a mapping structure amenable to an operational system was 

6 not forthcoming from the clustering of class means. Although the class groupings were 

7 statistically based, they must also be executable in the field and provide for a 

8 classification system which yields information that may be used for forest management. 

9 These results did, however, suggest that the clustering of the classes present could yield 

l O a class scheme that optimizes class separability based on both discriminant analysis and 

1 1  the B-distance measure. 

1 2  

1 3  A second method was designed to maximize the likelihood of arriving at a logical 

1 4  class structure and at optimizing the separability of the classes (Table 3). In this scheme, 

15  all adjacent overstory classes were grouped together in all possible combinations. That is, 

1 6  each class was merged with adjacent classes to provide a natural and intuitive class 

17 grouping to test which yielded the highest separabilities. For example, Group 1 ,  the 1 00% 

1 8  deciduous overstory class was combined with group 2, the 90% deciduous - 1 0% 

1 9  coniferous overstory class. Additionally, each arrangement was tested with one o f  two 

20 understory combinations, the first consisting of heavy, light and nil, the second with the 

21  heavy and light classes combined which would indicate either the presence or  absence of 

22 an understory. 

23 

24 4.3 Separability of training areas 

25 General trends of average class separability are evident in Table 4 for each of the 

26 original classification schemes in the study (the original 1 4  classes, ten and six class 

27 systems derived through cluster analysis). Figure 2 contains a graphical representation of 

28 the Bhattacharyya separability statistics generated as a trend surface for the 1 4-class 

29 classification scheme based on the Landsat TM data in the areas mapped for each class 

8 



1 in the color infrared photographs. 

2 

3 Overall, there is very poor separability, that is B-distance < 1 .0 in all cases (Figure 

4 2). In the original 1 4  class scheme, classes 3, 9 and 1 3  are the most separable paired with 

5 different understory characteristics. For example, class 3 - a class with no understory and 

6 a 100% deciduous overstory reached a maximum separability with classes 4, 7, 1 0, and 

7 13  all of which have a heavy understory with different overstory structures. On the other 

8 hand, class 3 is most similar to classes 5, 6, 8, 9 and 12, all of which are classes with nil 

9 or light understory and different overstory structures. Class 13  (60-40% mixed overstory 

10 with a heavy understory) is most separable from the classes without an understory (classes 

1 1  3, 6, 9 and 12). The least separable classes were 2,4,5,7, and 1 1 . 

12  

13  In general, there is relatively poor separability in all classes, but heavy understory 

1 4  is more separable from nil understory classes than from light understory. Light understory 

15  classes are confused with both heavy and nil understory classes, and some confusion in 

1 6  the overstory structures associated with mixedwood canopies can be expected. Similar 

1 7  trends are apparent in using all bands from two dates, or individual TM image data sets, 

1 8  but the maximum separability is apparent when using either all bands from both dates or 

1 9  the 3,4,5 combination from two dates (Table 4). There is a decrease in separability in the 

20 leaf-on TM data set, illustrating that the leaf-off data set was sensitive to the understory 

21  conditions because the overstory stand in the leaf-on data set partially masked the spectral 

22 response from the understory. 

23 

24 

25 

4.4 Discrimination of field sites 

26 Table 5 contains the classification accuracies based on the discriminant analysis 

27 in each of the classification schemes using the full TM image band set and the reduced 

28 band set. The tests were based on the 71  field sites used to develop the field descriptions 

29 of the understory and overstory stands. 

30 
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1 One pattern that emerges through examination of this table is that the overstory 

2 stands are more accurately defined using the leaf-on image and the understory stands are 

3 better defined using the leaf-off image, but more accurate results were obtained from a 

4 combination of leaf-off and leaf-on data. For example, the full 1 4  class scheme shows 

5 53% classification accuracy with the Landsat TM leaf-off image. and 47% classification 

6 accuracy using the Landsat TM leaf-on image. This increases to 74% classification 

7 accuracy when the image data are combined in the discriminant function. 

8 

9 When fewer classes are considered, the overstory conditions appear to dominate 

10  and are slightly better defmed using the leaf-on image data. In most cases, however. the 

1 1  leaf-off imagery performed significantly better relative to the leaf-on imagery. In schema 

1 2  with relatively more classes, the leaf-off data produce higher accuracies since the classes 

1 3  are more dependent on differences in understory. 

1 4  

1 5  While these results may be high enough to justify a mapping project, the division 

1 6  of the mixedwood stands into three or five classes may not provide sufficient information 

1 7  for management purposes. The original 1 4  class scheme shows relatively good 

1 8  discrimination (74% correct) compared to those schema; this test may justify an attempt 

1 9  to map the stands using this large number of divisions. 

20 

21  The 1 0  class scheme based on the cluster analysis appeared to provide reasonable 

22 separability relative to the other mapping combinations (Table 4), but poor discrimination 

23 (Table 5). While perhaps retaining maximum usefulness in the class structure, (for 

24 example light, heavy and nil understory beneath pure deciduous overstory, two 

25 mixedwood overstory combinations without an understory, and six mixedwood 

26 combinations with a coniferous understory), the mapping accuracy is insufficient to 

27 support larger area analysis. 

28 

29 The six class scheme based on the cluster analysis may represent a good 

30 compromise for extension to larger mapping areas. Discrimination revealed 7 1  % accuracy 

1 0  



1 in those classes which represent heavy or light understory in four mixedwood classes, a 

2 mixedwood class without a coniferous understory, and a pure deciduous overstory without 

3 a coniferous understory in another class. 

4 

5 Separability and discrimination results were highest when adjacent classes were 

6 combined using the full bandset (Table 6). The groupings break: down into sets consisting 

7 of two, three or four overstory elements, each with two or three understory elements. 

8 Relative separability was given by the B-distance measure and classification accuracy was 

9 a measure of the discriminant analysis function. The trend from this analysis indicates that 

1 0  sets which included the combination of the 1 00% deciduous and 90% deciduous classes 

1 1  for each element grouping were consistently higher for both the Bhattacharyya distance 

1 2  measure and the discriminant analysis. In addition, when the 80% deciduous class was 

1 3  added to the 100% deciduous and 90% deciduous classes, the highest separabilities and 

1 4  accuracies were achieved. These results were consistently higher than previous models. 

1 5  For example, the combination of groups 1 and 2 ( 1 00% deciduous, 90% deciduous) that 

1 6  generated 1 1  classes (heavy, light and nil understory) and 8 classes (heavy+light, nil 

1 7  understory), had accuracies of 76% and 73% respectively, compared to the 1 0  class 

1 8  system generated from the cluster analysis which had 54% accuracy. The highest 

1 9  accuracies were obtained by combining groups 1 ,  2 and 3 ( 1 00%, 90%, and 80% 

20 deciduous classes) which generated eight or six classes (three overstory elements) at 80% 

21  and 8 1  % accuracy respectively or four classes (two overstory elements) at 80% accuracy. 

22 

23 The Bhattacharyya distance measure was interpreted to give the relative 

24 separability between pairs of classes. Bitmaps used to generate the signatures which were 

25 tested for separability and derived from aerial photographs did not contain exclusively 

26 pure stands of the class in question. 

27 

28 S. Conclusions 

29 

1 1  



1 Digital Landsat TM data may be used to discriminate among several combinations 

2 of coniferous understory within overstory stands that are either pure or predominantly 

3 deciduous. Training areas of understory polygons imported from the GIS had, on average, 

4 poor overall separability because understory is often unevenly distributed within overstory 

5 stands, and mapped polygons are often an average descriptor of a forest stand. Subsequent 

6 discriminant tests based predominantly on field plots appear to indicate greater potential 

7 for mapping. For example, a maximum classification accuracy of 8 1  % was obtained in 

8 a six class scheme which represented three mixedwood classes and the presence or 

9 absence of understory. The original 1 4  class scheme based on 1 0% increments in conifer 

10  overstory composition and heavy, light and nil understory classes was discriminated with 

1 1  74% accuracy based on 7 1  field test sites. This level of accuracy is consistent with that 

12  reported by Stenback and Congalton ( 1990) in the Sierran mixed-conifer zone (69% 

1 3  classification accuracy in detection of three canopy closure classes and understory 

1 4  presence or absence). 

1 5  

1 6  The best results, however, were achieved by merging adjacent overstory classes 

1 7  to arrive at a reduced number of class schema with two, three, or four overstory classes. 

1 8  The maximum accuracies were achieved by: 

1 9  (i) merging 100% deciduous with 90% and 80% deciduous overstory classes; 

20 combined with two understory classes - absence or presence - (6 classes), 

21  8 1  % accuracy; 

22 (ii) merging 100% deciduous with 90% and 80% deciduous overstory classes; 

23 combined with three understory class - heavy, light nil - (9classes), 80% 

24 accuracy; and 

25 (iii) merging 1 00% deciduous with 90% and 80% deciduous overstory, also 70% 

26 deciduous with 60% deciduous overstory; combined with two understory 

27 classes - absence or presence - (4 classes), 80% accuracy. 

28 Based on the data acquired for this study these combinations provided the 

29 maximum classification accuracies and spectral separability while maintaining a workable 

30 scheme that can be applied in the field. 

1 2  



1 

2 The work described in this paper represents an exploratory study of the two-date, 

3 leaf-off, leaf-on Landsat TM data and the detection of conifer understory in Alberta using 

4 conventional image processing methods. Some improvements in the use of Landsat TM 

5 data may be derived from image texture analysis (Peddle and Franklin, 1 99 1 )  because of 

6 the patchy nature of the regeneration and variable species mixture in the overstory. The 

7 problem of conifer understory in the leaf-off imagery may also be more suited to a 

8 mixture-modeling solution whereby the emphasis is not on the detection of understory, 

9 but in an estimation of the understory proportion within Landsat TM pixels. 

1 0  
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1 Table 1 C lass Schema (14 Classes) 

2 

3 O verstorylUnderstory C lass # C lass Label 

4 100 % deciduous 

5 heavy 1 H l 00 

6 light 2 Ll00 

7 nil 3 N I 00 

8 90 % deciduous - 1 0 %  coniferous 

9 heavy 4 H90 

10  light 5 L90 

1 1  nil 6 N90 

12 80 % deciduous - 20 % coniferous 

1 3  heavy 7 H80 

1 4  light 8 L80 

1 5  nil 9 N80 

1 6  70% deciduous - 30 % coniferous 

17 heavy 10 H70 

1 8  light 1 1  L70 

19  nil 12 N70 

20 60 % deciduous - 40 % coniferous 

21 heavy 13  H60 

22 light 1 4  L60 

23 

1 7  



I 

2 Table 2 Hierarchical cluster aggregation based on class means 

3 

4 ==============�
1
�
0

=-c
�
la
=

s
=
s
=

s
=
c
�
h
=
e
=
m

=
e
========��==�==���============= 

C lasses Combined 
(4 cluster stages) 6-class scheme 

(8 cluster stages) 
5 1 H I 00 1 NIOO 
6 2 L l 00 2 H90 
7 3 N l 00  3 HlOO+L70 Fifth stage 
8 4 H90 4 H80+H70+H60 Sixth stage 
9 First stage 5 L90+L80 5 LlOO+L90+L80+L60 Seventh stage 

1 0 Second stage 6 H80+H70 6 N90+N80+N70 Eighth stage 
1 1  Third stage 7 L90+L80+L60 
1 2  Fourth stage 8 N90+N80 
1 3  9 L70 
1 4 10 H60 
1 5 

1 8 



1 

2 Table 3 All possible classes achieved by merging adjacent overstory classes. 

3 

4 Five Elements 

5 1 ,2,3,4,5 
6 Four Elements 

7 (1 +2),3,4,5 
8 1 ,(2+3),4,5 
9 1 ,2,(3+4),5 

10  1 ,2,3,( 4+5) 
1 1  3 Elements 

1 2  ( 1+2+3),4,5 
1 3  1 ,(2+3+4),5 
1 4  1 ,2,(3+4+5) 
1 5  1 ,(2+3),(4+5) 
16  (1 +2),3,(4+5) 
1 7  ( 1  +2),(3+4),5 
1 8  2 Elements 

19 (1 +2+3),(4+5) 
20 (1 +2),(3+4+5) 
21  
22 1 = 100 % Deciduous, 0 %  Coniferous 

23 2 = 90 % Deciduous, 10% Coniferous 

24 3 = 80 % Deciduous, 20 % Coniferous 

25 4 = 70 % Deciduous, 30% Coniferous 

26 5 = 60 % Deciduous, 40% Coniferous 

1 9  



1 

2 Table 4 Average class separability statistics (Bhattacharyya distance) for several 

3 band combinations and different class schema based on spectral data in areas 

4 interpreted using aerial photographs as different overstory and understory conditions 

5 

6 Band C lass Schema** 

7 Com binations* 

8 1 

9 TMall 0.82 

10 TMoff 0.63 

1 1  TMon 0.48 

12 345all 0.77 

13  3450ff 0.59 

14 3450n 0.43 

1 5  

16  *Band Combinations:  

17 

2 

0.82 

0.64 

0.49 

0.77 

0.53 

0.34 

3 

0.85 

0.7 1 

0.45 

0.8 1 

0.61 

0.32 

1 8  TMall == TM bands 1,2,3,4,5,7 plus N DVI from each date; 

19 TMoff == TM bands 1,2,3,4,5,7 from 18 April 1991; 

20 TMon == TM bands 1,2,3,4,5,7 from 23 July 1991;  

21 345all == TM bands 3,4,5 plus NDVI from each date; 

22 3450ff == TM bands 3,4,5 from 18 April 1991;  

23 3450n == TM bands 3,4,5 from 23 July 1991. 

24 

25 **Class Schema (see Table 1) :  

26 1 == fourteen classes; 

27 2 = ten classes (based on 4-stage clustering); 

28 3 = six classes (based on 8-stage clustering). 

29 

20 



1 Table 5 :  Discriminant analysis classification accuracies for several band 

2 combinations and different classification schema based on 71  field sites. 

3 

4 Function* Class Schema** 

5 

6 TMali 

7 TMoff 

8 TMon 

9 345all 

10  3450ff 

1 1  3450n 

1 2  

1 3  *Functions: 

1 4  

1 

74 

53 

47 

44 

43 

33 

2 3 

54 7 1  

46 52 

50 61 

47 59 

43 58 

37 53 

15 TMali = TM bands 1,2,3,4,5,7 plus NDVI from each date; 

1 6  TMoff = T M  bands 1,2,3,4,5,7 from 18 April 1991; 

1 7  TMon = TM bands 1,2,3,4,5,7 from 2 3  July 1991; 

1 8  345all = TM bands 3,4,5 plus NDVI from each date; 

1 9  3450ff = T M  bands 3,4,5 from 18 April 1991; 

20 3450n = TM bands 3,4,5 from 23 July 1991. 

21 
22 **Class Schema (see Table 1) :  

23 1 = fourteen classes; 

24 2 = ten classes (based on 4-stage clustering); 

25 3 = six classes (based on 8-stage clustering). 

26 

21  



1 Table 6 :  Class separability statistics and discriminant analysis classification for 

2 different variable combinations for all possible adjacent class combinations 

3 

4 a,b,c ( 1 5  classes) (a+b),c ( 1 0  classes) 

5 Five Elements a B D  0 DA ( % ) B D o DA ( % )  
c c 

6 1 ,2,3,4,5 0.82 71  0.79 70 

7 Four Elements a,b,c ( 1 2  classes) (a+b),c (8 classes) 

8 (1  +2),3,4,5 0.83 76 0.85 73 

9 1 ,(2+3),4,5 0.83 7 1  0.82 66 

10  1 ,2,(3+4),5 0.80 67 0.77 64 

1 1  1 ,2,3,( 4+5) 0.80 74 0.80 73 

12 3 Elements a,b,c (9 classes) (a+b),c (6 classes) 

13  ( 1+2+3),4,5 0.86 80 0.90 8 1  

1 4  1 ,(2+3+4),5 0.82 70 0.79 64 

1 5  1 ,2,(3+4+5) 0.76 77 0.73 68 

1 6  1 ,(2+3),( 4+5) 0.83 67 0.82 64 

1 7  ( 1 +2),3,( 4+5) 0.82 76 0.86 73 

1 8  ( 1  +2),(3+4),5 0.82 70 0.83 64 

19  2 Elements a,b,c (6 classes) (a+b),c (4 classes) 

20 ( 1 +2+3),( 4+5) 0.88 76 0.95 80 

21  ( 1  +2),(3+4+5) 0.78 7 1  0.73 70 

22 

23 

24 a 1 = 100 % Deciduous, O %  Coniferous a = heavy understory 

25 2 = 90% Deciduous, 10 % Coniferous b = light understory 

26 3 = 80 % Deciduous, 20 % Coniferous c = nil understory 

27 4 = 70 % Deciduous, 30% Coniferous 

28 5 = 60 % Deciduous, 40 % Coniferous 

22 



1 b B D  = Bhattacharyya distance separability statistics 

2 C DA = Discriminant analysis classification accuracy 

23 



1 Figure 1 :  Location of the study area in north-central Alberta, Canada 

2 
3 Figure 2: B hattacharyya distance separability measures in the 14 class scheme (see 

4 table 1) displayed as a probability surface for classification accuracy 

5 
6 

7 

24 
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ABSTRACT 

A satellite remote sensing approach was evaluated for detecting and mapping white spruce 
understories in deciduous and mixedwood stands in Alberta. These stands may be considered as 
part of the conifer land base which is defined as stands which contain or are projected to contain 
a minimum conifer volume at rotation. Landsat Thematic Mapper images acquired in late April 
(leaf-off) and late July (leaf-on) were used to generate signatures for three levels of understory 
(nil, light, heavy) in five overstory classes mapped from interpretation of aerial photographs and 
field observations. Analysis of separability statistics suggest a reasonable degree of success may 
be obtained in mapping some of the understory classes with conventional classification tools. An 
unsupervised classification appears to confirm the separability analysis and indicates that the 
understory may be discriminated in two or three different overstory compositions. 

INTRODUCTION 

A current inventory problem in the Mixedwood Section of the Boreal Forest Region (Rowe 1 972) 
is to determine the location and amount of conifer understory within deciduous and mixedwood 
forest stands (Brace and Bella 1 988; Expert Panel on Forest Management in Alberta 1 990; 
Peterson and Peterson 1 992). This information is important in calculating the annual allowable 
cut (Morgan 199 1 ), which is defmed as the average volume of wood that may be harvested 
annually under sustained yield management, and also in determining the conifer land base. Forest 
stands comprised of fifty percent or more coniferous stems are managed as part of the conifer 
land base because they contain or are projected to contain a minimum conifer volume at rotation. 
The amount of conifer understory beneath pure deciduous and mixedwood stands governs the 
management approach. Current efforts to map softwood understory in the boreal mixedwood zone 
involve the interpretation of leaf-off aerial photographs and field surveys. This approach is time
consuming and expensive to undertake over the large areas that constitute the forest management 
agreements. In addition, the ultimate destination of the forest understory inventory is a digital GIS 
database. Digital satellite imagery offer the advantage of relatively simple digital-to-digital 
transfer of data if satisfactory levels of mapping accuracy can be obtained. 



Few satellite remote sensing studies have attempted to map conifer understory directly (Stenback 
and Congalton, 1990), although the understory can contribute significantly to spectral response 
patterns in remote sensing studies of open canopies (Spanner et al. 1 990; Fioria and Ripple 1 993). 
In central Alberta, Kneppeck and Ahem (1990) analyzed Landsat Thematic Mapper (TM) images 
during leaf-off (fall) and leaf-on (summer) conditions, and suggested that leaf-off/leaf-on image 
dates could be used to map overstory conditions and understory vegetation in the boreal 
mixedwood zone. The basis of their classification was the use of the leaf-on images to separate 
the overstory conditions into pure deciduous and mixedwood stands. The leaf-off image was then 
used to indicate understory presence or absence. 

The purpose of this study is to determine the detectability of conifer understory within pure 
deciduous and predominately deciduous stands with two-date, leaf-off and leaf-on Landsat TM 
satellite data. 

STUDY AREA 

The study area consists of four townships (approx. 625 square km) in north-central Alberta 
(Figure 1 ). This area is part of the Mixedwood Section of the Boreal Forest Region (B.1 8a, Rowe 
1 972) that is characterized by mixtures of trembling aspen (Populus tremuloides Michx.), balsam 
poplar (Populus balsamifera L.), white spruce (Picea glauca [Moench] Voss) and jack pine 
(Pinus banksiana Lamb.). A few isolated stands of white birch (Betula papyrifera Marsh.) and 
balsam fir (Abies balsamea [L.] Mill.) are found on dry and wet sites, respectively. Black spruce 
(Picea mariana [Mill.] B.S.P. ) may also be found on poorly drained sites throughout the area. 
The study area has been mapped to the Alberta Vegetation Inventory (A VI) standards (Resource 
Information Division 1 99 1 )  that describe cover types by moisture regime, crown closure, stand 
height, species composition, and origin. 

DATA ACQUISITION AND METHODS 

Landsat TM images were acquired in geocoded format for April 1 8, 1 99 1  (representing leaf-ofO 
and July 23, 1 991  (representing leaf-on) with solar conditions of 40.58° elevationlI 50.7 1 °  
azimuth, and 49.52° elevationll 44.77° azimuth, respectively. Atmospheric effects were corrected 
using the dark-object pixel subtraction technique (Chavez, 1 988). A solar zenith angle correction 
algorithm was implemented to permit the direct comparison of reflectance between the two dates. 
Topographic correction was not necessary in the relatively flat terrain of the study area. 

A conifer understory map was produced to provide the basis for the calculation of Bhattacharyya 
Distance (B-distance) as a measure of spectral separability, and to augment the interpretation of 
an unsupervised classification in the form of a comparison matrix (Tsakiri-Strati, 1 994). Conifer 
understory stands were mapped to three levels (nil, light, heavy) beneath five overstory stand 
structures that ranged from pure deciduous ( 100% deciduous) to a 60%-40% deciduous-conifer 
mixedwood composition (Table 1 ). The overstory information was derived from the A VI map. 
The distinction between light and heavy understory was based on a threshold of 60% crown 
closure in the understory interpreted on 1 :20 000 scale color infrared leaf-off metric aerial 
photographs taken during the early spring following snow mt?lt to permit maximum penetration 
into the overstory structure. In addition, 71  field plots and several 35mm oblique supplemental 
aerial photographs located throughout the study area were used to assist in the photointerpretation 



process. Of the fifteen possible classes, fourteen were present in the study area. The map was 
digitized and overlaid onto the Landsat TM image data, and polygons representing the fourteen 
classes were used as training areas in computing B-Distance and for comparison to the classes 
generated in an ISODATA unsupervised classification. The influence of single- and two-date 
images and a band subset (Horler and Ahem 1986) on spectral separabilities were also conducted. 

RESULTS AND ANALYSIS 

Spectral Separability 

The highest class separabilities were achieved using the two-date Landsat images plus the NDVI 
statistics for the fourteen classes (Table 2). Single-date imagery performed poorly relative to the 
combined image data. There is a decrease in separability in the leaf-on TM data set, illustrating 
that the leaf-off data set is sensitive to the understory conditions because the overstory stand in 
the leaf-on data set partially masks the spectral response from the understory. 

Figure 2 contains a graphical representation of the B-distance separability statistics generated as 
a trend surface for the 1 4-class classification scheme based on the Landsat TM leaf-offlleaf-on 
data in the areas mapped for each class in the color infrared photographs. Overall, there was poor 
separability based on B-distance < 1 .0 in all cases. Classes 3, 9 and 1 3  are the most separable 
and can be considered relatively distinct. For example, class 3 - a class with no understory and 
a 100% deciduous overstory reached a maximum separability with classes 4, 7, 1 0, and 1 3  all 
of which have a heavy understory with different overstory structures. On the other hand, class 
3 is most similar to classes 5, 6, 8, 9 and 1 2, all of which are classes with nil or light understory 
and different overstory structures. Class 1 3  (60-40% mixed overstory with a heavy understory) 
is most separable from the classes without an understory (classes 3,  6, 9 and 1 2). The least 
separable classes are 2,4,5,7, and 1 1 . Heavy understory is more separable from nil understory 
classes than from light understory. Light understory classes are confused with primarily with the 
heavy understory classes. Some confusion in the overstory structures associated with mixedwood 
canopies can be expected. 

Unsupervised Classification 

The ISODATA unsupervised clustering algorithm was used to generate a map of the 
spectral classes for comparison to the understory map and the spectral separability 
measures. Four runs of the ISODATA routine were initialized with an expected number 
of clusters ( 1 2  to 1 6) and with a standard deviation of 8, 1 2, 1 6, and 20. The results when 
using an initial cluster standard deviation of 1 2  are presented in contingency table (Table 
3). Only the clusters which incorporated significant numbers of pixels in the understory 
map polygons are interpreted here. 

Heavy understory in the first two overstory classes - 100% deciduous and 90-1 0% 
deciduous-coniferous - is mapped across clusters 1 and 2, with a small additional amount 
in clusters 3 and 5. The majority of light understory pixels in these two overstory classes 
appears to be organized into clusters 2 and 3. There is some overlap between the light 
and the nil understory, which is mapped into clusters 3 and 4. The patterns suggest that 
the heavy and light understory categories are separate within each overstory class, but that 



the light and nil understory categories should be merged. 

The pure deciduous overstory is separable from the 60-40% deciduous-coniferous 
overstory. For example, 61 % of the pixels under the 60-40% deciduous-coniferous heavy 
understory bitmap were incorporated into cluster 1 ,  but only 23% of the corresponding 
heavy understory pixels beneath a 1 00% deciduous canopy were included in this cluster. 
However, the very poor separation of the 70-30% mixedwood class and the 60-40% 
mixed class appears to indicate that these overstory structures are spectrally 
indistiguishable. Merging these overstory and understory compositions would result in the 
highest mapping accuracy, which may be consistent with that reported by Stenback and 
Congalton (1990) in the Sierran mixed-conifer zone (69% classification accuracy in 
detection of three canopy closure classes and two understory presence or absence). 

CONCLUSIONS 

Digital Landsat TM leaf -off/leaf -on data may be used to map several combinations of 
overstory and understory conditions in boreal mixedwood and deciduous stands in Alberta. 
Areas of understory mapped from color infrared aerial photographs had, on average, poor 
overall spectral separability because understory is often unevenly distributed within 
overstory stands, and mapped polygons are often averaged during photointerpretation. 
Based on the unsupervised classification tests, the understory appears distinct in at least 
two classes (presence or absence) within each overstory class, and additional work on 
discriminating the five different overstory compositions is recommended. One approach 
is to map the overstory at a finer level than the simple separation of pure deciduous and 
mixed wood stands employed in this study. Crown closure for example, has long been 
known to be an important contributor to stand reflectance (Beaubien 1 979). Because the 
reflectance spectra of stands are a combination of the reflectance spectra of trees and 
ground vegetation (Guyot et al. 1 989), incorporating crown closure may increase the 
separation of the overstory classes and improve the detection and mapping of conifer 
understory. Image texture processing (Peddle and Franklin 1 99 1 )  may also be used to 
account for the natural variability in understory patterns in the leaf-off image, and also 
to characterize more precisely, the overstory structures in the leaf-on image to improve 
conifer understory classification and mapping accuracy. . 
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Table 1 .  Original class schema of overstory stand and understory composition ( 1 4  
classes). 

Overstory - understory Class Number Class label 

1 00% deciduous 
heavy 1 Hl00 
light 2 Ll00 
nil 3 NlOO 

90% deciduous - 10% coniferous 
heavy 4 H90 
light 5 L90 
nil 6 N90 

80% deciduous - 20% coniferous 
heavy 7 H80 
light 8 L80 
nil 9 N80 

70% deciduous - 30% coniferous 
heavy 10  H70 
light 1 1  L70 
nil 12  N70 

60% deciduous - 40% coniferous 
heavy 1 3  H60 
light 1 4 L60 



Table 2. Average class separability statistics (Bhattacharyya distance) for several band 
combinations based on spectral data in areas interpreted using aerial photographs as 
different overstory and understory conditions (see Table 1 ). 

Band combination 

TM bands 1 ;1,3,4,5,7 plus NDVI from each date 

TM bands 1 ;1,3,4,5,7 from April 1 8, 1 991  

TM bands 1 ;1,3,4,5,7 from July 23, 1 99 1  

TM bands 3,4,5 plus NDVI from each date 

TM bands 3,4,5 from April 1 8, 1 99 1  

TM bands 3,4,5 from July 23, 1 99 1  

B-distance 

0.82 

0.63 

0.48 

0.77 

0.59 

0.43 



Table 3.  Percent pixels from the understory classification map which overlap with spectral 
clusters generated by the ISODATA algorithm (Note: Table values in bold correspond to 
spectral classes whose pixels are 1 5  percent or more of its corresponding understory class 
label). 

Pen;ent of pixels in each spectral class corresponding to each Class 

Labelb 

Class # Pixels 1 2 3 4 5 6 
Label8 

Hloo 34368 23 38 14  5 7 1 

H90 16098 33 35 9 1 13  

H80 23625 48 26 6 1 1 2  1 

H70 101 19 52 22 5 1 1 4  1 

H60 14814 62 17 4 1 1 2  0 

Lloo 47396 3 15 39 20 4 3 

L90 22757 5 21 43 1 2  5 4 

L80 17693 6 21 38 1 2  6 3 

L70 5730 13  32 21 7 1 1  1 

L60 3284 8 24 26 15 6 2 

Nloo 190034 0 0 22 57 1 5 

N90 16770 2 7 30 34 4 6 

N80 8273 2 7 29 35 2 1 2  

N70 1581 2 5 26 17 4 18 

8 Understory class label described in Table 1 .  

b Percent figures have been rounded to closest integer. 
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Figure 1 .  Location of the study area in north-central Alberta. 
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Figure 2. Bhattacharyya distance separability measures in the 14 class scheme (see Table 
1)  displayed as a probability surface for classification accuracy. 
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AB STRACT 

A satellite remote sensing approach was used to determine class structure of white spruce 
understory occurring within deciduous and mixedwood stands in northern Alberta. The 
determination of a class structure that is amenable to an operational implementation is needed 
to identify and stratify large areas that may comprise conifer understory. Landsat TM imagery 
acquired in late April (leaf-off) and late July (leaf-on) were used to generate an Isodata 
unsupervised classification to aid in identification of a class structure. These classes were cross
mapped to a GIS overlay containing three levels of understory (heavy, light, nil) in five overstory 
classes acquired from leaf-off aerial photographs and field observations. Class signatures 
generated from the intersection of the GIS understory polygons and the Isodata clusters were used 
for a supervised classification. Analysis of separability statistics suggests understory can be 
discriminated for understory absence or presence under two overstory strata. 

INTRODUCTION 

A current inventory problem in the Mixedwood Section of the Boreal Forest Region B . 1 9a (Rowe 
1 972) is to determine the location and amount of conifer understory within deciduous and 
mixedwood forest stands (Brace and Bella 1 988; Expert Panel on Forest Management in Alberta 
1 990; Peterson and Peterson 1 992). Current efforts to map softwood understory in the boreal 
mixedwood zone involve the interpretation of leaf-off aerial photographs and field surveys that 
are costly to undertake over large areas. A satellite remote sensing method for the detection of 
understory could significantly aid in the time and cost in such surveys by providing an initial 
stratification of large areas to identify likely locations of softwood understory. 

Previous studies (Franklin et aI., 1 986; Spanner et al., 1 984; Peterson et al., 1 986) have 
acknowledged the contribution of understory to stand spectral response. Stenback and Congalton 
( 1990) have also attempted to classify vegetated understory in the Sierran mixed conifer zone 
with mixed results. Ghitter et al., ( 1 995) conducted supervised classifications with class 
signatures based on a digital GIS overlay of 1 5  classes mapped to three understory (heavy, light, 
nil) and five overstory categories (based on 10% increments in conifer overstory composition). 



Discriminant analysis testing indicated that the greatest success for mapping understory could be 
expected by collapsing overstory classes but this increases the variability of the class and the 
distinctiveness of its spectral signature. Because the mapped polygons from the GIS overlay are 
often averaged during photo interpretation, and that understory is often unevenly distributed 
within overstory stands, signatures generated using these polygons as training areas may contain 
too much variation in their spectral signatures to accurately discriminate these classes during 
production of an image map. 

The purpose of this paper is to investigate a 'modified supervised' classification technique 
similar to Chuvieco and Congalton (1988), and to identify polygons that can be used as training 
areas for creating class signatures. Using a two-date (leaf off/leaf on) Landsat TM data set, this 
technique is based on the intersection of classes produced by an Isodata unsupervised 
classification and the GIS polygon overlays. 

STUDY AREA 

The study area consists of four townships (about 625 square km) in north-central Alberta (Figure 
1). This area is within the Mixedwood Section of the Boreal Forest Region (B. 1 8a, Rowe 1 972) 
that is characterized by mixtures of trembling aspen (Populus tremuloides Michx.), balsam poplar 
(Populus balsamifera L.), white spruce (Picea glauca [Moench] Voss) and jack pine (Pinus 

banksiana Lamb.). A few isolated stands of white birch (Betula papyrifera Marsh.) and balsam 
fir (Abies balsamea [L.] Mill.) are found on dry and wet sites, respectively. Black spruce (Picea 

mariana [Mill.] B.S.P.) may also be found on poorly drained sites throughout the area. The study 
area has been mapped to the Alberta Vegetation Inventory (A VI) standards (Resource Information 
Division 1 99 1 ), which describe cover types by moisture regime, crown closure, stand height, 
species composition, and origin. 

DATA ACQUISITION AND METHODS 

Landsat TM images were acquired in geocoded format for April 1 8, 199 1  (representing leaf-oft) 
and July 23, 1991 (representing leaf-on) with solar conditions of 40.58° elevation/1 50.7 1 °  
azimuth, and 49.52° elevation/I 44.77° azimuth, respectively. Atmospheric effects were corrected 
using the dark-object pixel subtraction technique (Chavez 1 988). A solar zenith angle correction 
algorithm was implemented to permit the direct comparison of reflectance between the two dates. 
Topographic correction was not necessary in the relatively flat terrain of the study area. 

Conifer understory stands were mapped to three levels (heavy, light, nil) beneath five overstory 
stand structures that ranged from pure deciduous (100% deciduous) to a 60% deciduous - 40% 
coniferous mixedwood composition (Table 1) .  The ISODATA unsupervised clustering algorithm 
was used to generate a map of the spectral classes for comparison to the GIS polygons. Three 
runs of the ISODATA routine were initialized with an expected number of clusters ( 1 2  to 20) and 
with a standard deviation of 8, 12, and 1 6. Three class variations of eight classes, six classes and 
four classes derived from the original 1 5  class scheme (Table 1 )  were chosen for testing based 
on the relatively high average spectral separability of the classes (Table 2). Each ISODATA 
unsupervised classification result was combined with the understory map using a logical ' AND' 
function to create an image map that illustrates the intersection of every ISODATA cluster with 



its corresponding understory polygon. In all, nine tests were conducted. The results when using 
an initial cluster standard deviation of 1 2, cross-mapped to the four class scheme are presented 
in Table 3. Each ISODATA cluster is ranked in descending order according to the percentage of 
pixels overlapping with each overlay class. Only the largest 7 of 19  ISODATA clusters are 
presented with their percent intersections ranging from 86.4 to 94.7. 

ISODATA clusters accounting for a minimum of 70% of the overlap were thresholded to create 
bitmaps from which new signatures for a maximum likelihood classification could be created. 
For example, the intersection of ISODATA clusters 7, 4, 5 and 8 accounted for 7 1 .3% of the 
overlap with Class 1 and was used to create a new signature. It was hypothesized that signatures 
created using this approach would more adequately describe their spectral variation while 
maintaining the basic character of the original GIS polygons. 

RESULTS AND DISCUSSION 

The nature of this investigation precludes using accuracy assessment techniques based on 
confusion matrices and the Kappa statistic (Congalton 1991)  without further field measurements. 
Bhattacharyya distance (B-distance) has been used, however, as a measure of separability between 
pairs of classes based on a set of spectral bands (Jorial et a!., 1 99 1 ;  Ghitter et a!., 1 995), and its 
interpretation is considered a measure of the likelihood of correct classification (Mathur 1987). 

B-distance is asymptotic to 2.0, and its interpretation is straight forward: If 0 < B-distance < 1 .0 

then the data demonstrate very poor separability, if 1 .0 < B-distance < 1 .9 there is poor 
separability and if 1 .9 < B-distance < 2.0 there is good separability (Richards 1 993). Table 4 
gives B-distances associated with the class signatures generated by the modified supervised 

classification. Average separability for this test was 1 .52, significantly higher than the test for 
the same classes based on the signatures generated by the GIS polygon overlays alone (Table 3). 

Significant confusion is evident between classes 1 and 2; classes with heavy understory but with 
different canopy mixtures, and classes 3 and 4, classes with nil understory and different canopy 
mixtures. Separability is very high between all classes with heavy or nil understory, indicating 
that the maximum likelihood classification routine is sensitive to understory components 
regardless of overstory mix. The rise in sensitivity can be attributed directly to the new 
signatures created by this modified method. 

Visual inspection of the classification output also gave qualitative evidence of the potential for 
increasing map accuracy. Classes generated from the modified supervised method appeared to 
match the spatial occurrence exhibited in the polygon overlays quite closely. In addition, when 
compared to classification maps trained on the GIS polygons alone, the classes tended to have 
well defined boundaries with a decrease in speckling, which may be associated with confusion 
among similar classes. 

CONCLUSIONS 

An intersection technique based on a remote sensing-GIS integration for the detection of forest 
class structure has shown potential for mapping understory in deciduous and mixedwood stands 
in northern Alberta. Spectral class signatures generated by training on areas of intersection 



between an unsupervised classification and a GIS polygon overlay had 1 0- 1 5% greater average 
separability than the GIS overlay alone. The intersection of spectral classes from an unsupervised 
classification and physical classes from the GIS overlay may provide more realistic training areas 
for supervised classification routines by increasing class separability and potential map accuracy. 

Future work with this method may lead to a procedure for extracting class signatures based on 
GIS-remote sensing integration. Broad classes can be input into a GIS and intersected with an 
unsupervised classification to produce class signatures with reduced spectral variation because 
training areas are more homogenous. A secondary benefit may be in the reduced time that is 
spent on ground truthing land cover classes that fall in the study area, but are not of interest. 
Spectral classes are usually created so that they are exhaustive and mutually exclusive. By using 
a modifed supervised classification approach, spectral classes based on GIS polygons tend to be 
more separable because they are based on their statistical properties as defmed by parameter 
values used in the unsupervised classification algorithm. Future work includes plans to acquire 
the additional field data to conduct independent accuracy assessments of the classified understory 
map. 
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Table 1 .  Original class schema of overstory stand and understory composition ( 1 5  classes). 

Overstory - understory Class Class 

Number Label 

100% deciduous 
heavy 1 HlOO 
light 2 LlOO 
nil 3 Nl00 

90% deciduous - 10% coniferous 
heavy 4 H90 
light 5 L90 
nil 6 N90 

80% deciduous - 20% coniferous 
heavy 7 H80 
light 8 LSO 
nil 9 N80 

70% deciduous - 30% coniferous 
heavy 1 0  H70 
light 1 1  L70 
nil 12 N70 

60% deciduous - 40% coniferous 
heavy 13  H60 
light 14  L60 

nil 15 N60 

Table 2. Test classes and average spectral separability values. 

8 Classes 6 Classes 4 Classes 

Ciass 1 HlOO HIOO+H90+H80 HlOO+H90 
Class 2 H90 Ll00+L90+L80 H80+H70 
Class 3 H80 NIOO+N90+N80 Nl00+N90 
Class 4 H70 H70+H60 N80+N70 
Class 5 NIOO L70+L60 
Class 6 N90 N70a 
Class 7 N80 
Class 8 N70 

Average Separability b 1 .21  1 .07 1 .3 1  

a The nil 60% class (N60) does not appear in the study area. 

b Bhattacharyya distance measure 



Table 3. ISODATA cluster overlap with GIS polygon overlay. 

Class 1 Class 2 Class 3 
Isodata Percent Isodata Percent Isodata Percent 
Cluster Overlap Cluster Overlap Cluster Overlap 

7 28.5 4 38.9 8 58.6 

4 28.4 7 1 2.8 1 0  15 .7 

5 7.2 1 1 2.3 1 4  6.0 

8 72 3 8.4 7 5.4 

1 0  5.1 2 7.4 1 2  5.2 

1 5 5 6.2 1 6  22 

2 5 8 2.7 5 1 .6 

Total 86.4 Total 88.7 Total 94.7 

Table 4. Bhattacharyya distance measures among class 1 to class 4. 

Class 

2 
3 
4 

1 
.90 

1 .77 

1 .67 

2 

1 .97 

1 .92 

3 

.887 

Class 4 
Isodata Percent 
Cluster Overlap 

4 34.7 

8 23.7 

1 0  9.9 

1 2  8.0 

7 7.4 

1 4  4.0 

5 3.3 

Total 9 1 .0 
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