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ABSTRACT

This study compared estimates of inventory parameters such as species
composition, crown closure, stems/ha and stand volume from Compact Airborne
Spectrographic Imager (casi) images acquired at three spatial resolutions (i.e., 60 cm, 1 m
and 2 m). Individual tree and plot measurements that included tree height, diameter at
breast height, species composition, and crown closure were collected from 34 field plots
established in pure softwood, hardwood and mixed-wood stands. The extent to which
species composition, stems/ha and crown closure may be derived from multi-resolution
casi data was determined by using feature extraction techniques. Statistical models of
stand volume were estimated for the three species groups with the 60 cm casi data.
Species composition, crown closure and stems/ha were extracted with the highest
accuracy from 60 cm resolution data. The highest adjusted R 2 attained was 0.62 for
mixed-wood species, and models were better predictors of stand volume with the addition
of stand height. Although further research with larger sample sizes are needed, the
potential ability to augment inventory data capture with high spatial resolution images,
will benefit forest inventory programs by reducing the amount of costly field surveys.

1.0 INTRODUCTION

The Alberta Vegetation Inventory (AVI) is a vegetation inventory system that provides the
information base to prepare forest management plans, classify wildlife habitat, and undertake integrated
resource management planning (Nesby 1997). Data collected for the AVI is based upon photo
interpretation of medium-scale aerial photographs that define similar stands of vegetation with respect to
species composition, height, crown closure, age, and productivity (Nesby 1997). There is a drive toward
ecosystem-based forest management that is resulting in demands for more detailed information about
characteristics of the forest. Inventory classification systems are changing to meet these needs by
requiring existing attributes to be mapped to a larger number of more specific classes (Resource
Information Branch 1991; Nesby 1997). More complex inventories places greater demands on the photo
interpreters tasked with implementing these more detailed classification systems. Photo interpreters are
required to establish air and field-measured plots within stratified forest stands to help calibrate their
interpretation, and to ensure accuracy standards are being met. Air and field plots, however, are costly to
establish, measure and maintain (Resource Information Branch, 1991). Volume sampling needs also
continue to exist for forest management planning of harvest and silvicultural activities (Clutter et al.
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1983), and the rising costs of field surveys results in a need for alternative stand volume estimation
methods. One approach for meeting the demands of more detailed inventory information may be the
application of high-resolution remote sensing data to generate stand attributes that complement AVI data
acquisition.

Many of the applications of high resolution image data to forest inventory have focused on the
identification, classification and mapping of individual trees and tree crowns (Gougeon 1995a,b;
Brantberg 1997; Leckie and Gougeon 1999; Niemann et al. 1999; Pollack 1999). A few studies have also
attempted volume estimation from airborne (Franklin and McDermid 1993; Hall et al. 1998; Magnussen
anAoudewyn 1998) and satellite data (De Wulf et al. 1990; Ardol'992; Gemmell 1995; Hyyppa et al.
1998). Although there is some correlation between image band values or their derivatives such as texture
and band ratios to volume, an alternate approach is to predict volume from image-derived species, crown
closure and stem density. In this study, high spatial resolution images of forested terrain were acquired
with the Compact Airborne Spectrographic Imager (casi) (Grey et al. 1997). Measurements from sample
plots were compared to estimates of stand structure derived from the casi images that represented the
same plot. The objective of this study was to compare for softwood, hardwood and mixed-wood stands,
estimates of inventory parameters derived from casi images acquired at 3 spatial resolutions (i.e., 60 cm, 1
m and 2 m). The inventory parameters selected for investigation included species composition, crown
closure, stems/ha and stand volume.

2.0 STUDY AREA AND DATA COLLECTION

2.1 STUDY AREA AND FIELD DATA COLLECTION

The study site for this research was located within the Montane Forest Region M.5 (Rowe 1972)
near Barrier Lake, in Kananaskis Country, Alberta at an elevation of approximately 1400 m. This site is
dominated by trembling aspen (Populus tremuloides Michx.), balsam poplar (Populus balsamifera L.),
lodgepole pine (Pinus contorta Lamb.), white spruce (Picea glauca [Moench] Voss) and occasional
stands of engelmann spruce (Picea engelmannii Parry ex Engelm.) and Douglas-fir (Pseudotsuga

menziesii var. glauca (Beissn.) Franco). A detailed description of the plant community types found within
this study area is provided in Archibald et al. (1996).

Field data was collected during July and August 1998 at 34 field plots located in softwood (14),
hardwood (13) and mixed-wood (7) stands. Plots measuring 100 m 2 were surveyed for various forest
mensurational parameters. Diameter at breast height (dbh) and tree height was measured for each tree in
each plot. Estimates of crown closure, the percentage of land area covered by the vertical projection of
tree crowns, were measured with the aid of a spherical densiometer. Percent species composition was
determined by calculating the percentage that each species type contributed to the overall species
composition in the plot, based on the total basal area for each tree species. To locate plots on the
georeferenced images, GPS measurements were obtained from the four plot corners using differentially
corrected Trimble Navistar Global Positioning Satellite (GPS) data.

Merchantable volume was calculated for each tree within the plots using a program developed by
Alberta Environmental Protection for the Statistical Analysis System (Huang 1994). To obtain estimates
of stem volume, mensurational parameters including species type, height and dbh were applied to the
volume regression equations. Total volume for the dominant canopy layer was calculated by summing the
individual volume of each tree, which was aggregated to per hectare estimates of stand volume (m3/ha)
for each plot.
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2.2 IMAGE DATA COLLECTION

Multispectral casi imagery were acquired during July, 1998 over Kananaskis Country, Alberta by
ITRES Research Ltd. Seven channels of data were imaged whose range of wavelengths ranged from 549
nm to 862 nm. This imagery was geometrically corrected by ITRES to aid with field plot identification on
the imagery, from field collected GPS points. Radiometric corrections and matching of adjacent flight
lines, were not necessary for this study because of the short time period that elapsed between data capture
cif each flight line. Therefore, in radiometric terms, the images were not calibrated and only raw digital
numbers (DNs) were analyzed in this study. 	 -

3.0 METHODS

3.1 ESTIMATION OF SPECIES COMPOSITION

Species composition was estimated by combining the results of high pass filtering, image
classification, and spatial operations (Gerylo et cd.1998). The percent crown area for each species was
used as a surrogate measure of percent species composition. Individual tree crowns of known species
from the ground survey were used to generate training signatures for each of the tree species in the study
region. Training signatures were extracted from the sunlit portions of each tree crown (Gougeon 1995).
These training signatures were used to assign a species label to each tree crown pixel using the maximum
likelihood classifier. This tree-crown image was utilized to determine percent species composition for
each species type, in each plot.

Percent species composition was determined for each tree species by summing all crown pixel values
representing each individual species, dividing this value by the sum of all tree crown pixels found within
each plot and multiplying by 100. Accuracy of these estimates was obtained by calculating the absolute
difference between field and image obtained estimates.

3.2 ESTIMATION OF CROWN CLOSURE

Crown closure was determined for each study plot by extracting tree crowns from the image into
a binary crown closure image (Gerylo et al. 1998). A 3-pixel by 3-pixel average filter was applied to the
near infrared casi channel prior to crown extraction, to smoothen crown shapes on the images. After
application of the average filter, a 9-pixel by 9-pixel Laplacian filter was applied to separate the tree
crown pixels from the shaded understory pixels (Gerylo et al. 1998). All positive filtered values, which
represent tree crown pixels, were thresholded and written to a new image channel. The positive values
were assigned a value of 1, representing the spatial extent of tree crowns, while negative values were
assigned a value of 0, representing non-tree crown space.

Percent crown closure was determined for each study plot by calculating the percentage of tree
crown pixels found under each plot bitmap. The accuracy of estimated crown closure was assessed by
calculating the difference in estimates between field-measured and image-calculated crown closure.

3.3 DETERMINING STEM DENSITY

To determine stem density estimates for each study plot, individual tree stems were identified on
the images and stems were counted under each plot bitmap. The stem count for each plot was
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subsequently converted to a per hectare estimate (stems/ha). The brightest pixel within each tree crown
was assumed to approximate the location of the tree apex. To identify the brightest pixel, a 3-pixel by 3-
pixel rule-based maxima filter was used to identify all pixel locations that appeared brighter than their
eight surrounding neighbours on an averaged near infrared image (Hall et al. 1998). If a pixel location
was brighter than all of its neighbours, that pixel was assigned a value of 1 (representing a tree stem
location), otherwise the pixel received a value of 0 (representing non-tree stem space). This approach may
result in multiple-maximum values when single tree crowns have multiple tree stems, therefore, a rule-
based model was built into the filter to identify only one of these multiple-maxima values. The accuracy
of stems/ha estimates was determined by calculating the absolute difference between field-counted and
image-estimated stems/ha.

3.4 ESTIMATION OF STAND VOLUME

Stand volume estimates from field data were modeled as a function of image-derived crown closure
and stems/ha for softwood, hardwood and mixed-wood species. Stand height for each plot was measured
in the field and used in both field and image-based regression models to estimate stand volume. Future
use of stand height would entail integration with a digital forest inventory where height is estimated to the
closest metre (Nesby 1997), or from other digital sensors such as scanning lasers (Magnussen and
Boudewyn 1998). To determine the strength of the relationship between image-derived crown closure,
stems/ha and stand height with stand volume, Pearson's Correlation Coefficients (R) were computed. A
decision was made to only process the 60 cm casi data to derive volume models because estimates were
expected to be poorer with the coarser 1 m and 2 m data. The volume models were compared by
calculating adjusted R-square and root mean square error (RMSE) values for each regression equation,
and producing plots of the standardized residuals.

4.0 RESULTS AND DISCUSSION

The differences between field and image estimates of species composition, crown closure and
stems/ha were compiled for hardwood, softwood and mixed-wood species across the three resolutions of
image data (Table 1). For species composition, accuracy increased as pixel size decreased for all species
except softwoods. This result is attributed to losses in distinction of tree crowns as pixel size becomes
larger. For softwoods, however, the larger 2 m pixels relative to 60 cm results in a greater averaging of
shadow, shaded and sunlit components of tree pixels that reduces spectral variability. Identification and
classification of softwood stands were consequently improved. Although differences were small, crown
closure was more accurately estimated with the 60 cm and 1 m pixels than with the 2 m pixels across all
species (Table 1). The aggregation of tree crowns on the 2 m images may explain why errors were larger,
and suggests that crown closure estimation would only be possible on the higher resolution images.
Estimates of crown closure for hardwood stands were closer to field estimates than softwoods and
mixedwoods. The influence of pixel spatial resolution was most apparent for estimating stems/ha. The
differences in stem density and standard deviations increase as pixel size increases (Table 1). At the 1 m
and 2 m pixel size, there is an appreciable loss in definition of tree crowns and local maxima, resulting in
larger errors between field and image stem counts. Stem density was poorly estimated on the images,
especially for hardwood species. On average, species composition, crown closure and stems/ha were
estimated more accurately from the 60 cm images with smaller differences in estimation between field
and image data than from the lm and 2 m images.

The pattern of the scatterplots between crown closure, stems/ha and stand height with stand volume
were generally linear but with considerable scatter. The correlation coefficients between volume and
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hardwood and mixed-wood species were similar for field and image data (Table 2). Softwood crown
closures were more difficult to estimate on the images than hardwood and mixed-wood species (Table 1).
Field estimates of stems/ha were more correlated with stand volume than their corresponding image
estimates for softwood and hardwood, but similar for mixedwoods (Table 2). With these results, the
performance of regression equations to estimate volume was expected to be similar between field and
image data.

Field-measured inventory parameters produced stronger models to predict stand volume than did
filose based on image-derived parameters (Table 3). Models to estimate stand volume for all species were
stronger with stand height and were in part, attributed to the strength of the contribution of stand height to
stand volume (Table 2). Mixed-wood volumes were best predicted of all species. RMSE values for
prediction of stand volume ranged from 50 to 82 m 3/ha (Table 3), and are too high to be considered for
operational use. These models serve as an indicator, however, of the potential for image-derived stand
parameters to be used to estimate stand volume, and outlines the need for more research to further explore
this application.

5.0 CONCLUSIONS AND RECOMMENDATIONS

This study investigated the use of high resolution image data in a sampling context that could
augment inventory data collection programs that rely heavily on field measurements. Study results
provided evidence that pixel size has an important influence on the ability to estimate stand parameters.
Of the three pixel sizes evaluated, the 0.6m image was more suited to estimating crown closure and
stems/ha than the lm and 2 m images. The ability to estimate stand volume is highly dependent on its
relationship to these image-derived stand parameters. The strength of the predictors would likely change
if improvements in image processing methods were implemented to strengthen the correlation between
field and image-derived crown closure and stem density. Stand height was an important variable that was
needed across all species to estimate volume. There is a need to further investigate the integration of
digital forest inventory or laser scanner data that could be used to provide measures of stand height.
Although future studies should acquire a larger sample size over a greater range of stand types to produce
more definitive results, this study is indicative of the potential to estimate stand volume from image-
derived stand parameters.
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Table 1. Difference in Stand Parameter Estimates Between Field and Image.

Casi image spatial resolution

60 cm lm 2m

Stand
parameter Species Type n Standard

Average	 Standard	 Average	 Standard	 Average
difference deviation difference deviation difference deviation

Crown closure
Hardwood
Softwood

14
13

7
8

6
4

8
10

4
7

7
12

5
9

(%) Mixedwood 7 10 6 12 12 8 4
Hardwood 14 1207 594 1736 584 2050 587

Stems/ha Softwood 13 354 320 308 104 692 466
Mixedwood 7 257 257 386 671 415

Species Hardwood 14 13 14 13 10 21 13
composition Softwood 13 12 8 19 9 10 9

(%) Mixedwood 7 15 6 19 6 16 5
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Regression models*
Adjusted

R2
Root mean
square error

(m3/ha)

0.51 45.8
0.50 41.9
0.72 51.1

-0.12 68.7
0.27 50.6
0.62 58.8

0.13 60.8
0.62 40.0
0.44 71.5

-0.1 68.3
0.12 55.6
0.27 82.1

Regression models with stand height:

Field:
Softwood: Vol = 66.6 + 14.2 HT - 2.3 CC + 0.01 ST
Hardwood: Vol = 150.6 + 0.2 HT + 5.5 CC - 0.006 ST
Mixedwood: Vol = -574.5 + 35.6 HT - 1.0 CC + 0.18 ST

Image:
Softwood: Vol = 123 HT + 1.2 CC - 0.006 ST
Hardwood: Vol = 205 + 18 HT - 3.8 CC + 0.002 ST
Mixedwood: Vol = -638 + 24 HT + 8.9 CC + 0.009 ST

Regression models without stand height:

Field:
Softwood:
Hardwood:
Mixedwood:

Image:
Softwood:
Hardwood:
Mixedwood:

Vol = 442.7 - 3.81 CC + 0.003 ST
Vol = 153.8 + 5.3 CC - 0.006 ST
Vol = -340 + 9.6 CC + 0.007 ST

Vol = 156.2 + 4.4 CC- 0.17 ST
Vol = 586.5 - 5.03 CC - 0.004 ST
Vol = -244.3 + 8.8 CC + 0.14 ST

Table 2. Pearson's Correlation Coefficients.

Stand volume Stand height Stem density Crown closure
Softwood:	 Field 0.4 0.34 -0.49

Image 0.19 -0.02
Hardwood:	 Field 0.59 -0.55 0.53

Image -0 31_	 . 0.46
Mixedwood: Field 0.61 0.42 0.74

Image :	 0.51 0.69

Table 3. Stand Volume Regression Equations.

* Vol = stand volume (m3/ha), HT = stand height (m), CC = crown closure (%),
ST = stem density (stems/ha)
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