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1.0 ABSTRACT 

Sample flight lines of LiDAR and Hyperspectral digital data were collected for TFL 18 near 
Clearwater in the central part of British Columbia and tested for their utility as ground sample 
surrogates for visual resource inventory (VRI) mapping. A limited inventory of 20 previously 
delineated polygons was independently completed by 10 VRI interpreters. This limited inventory 
focused only on stand height, vertical complexity, crown closure, live stems per hectare, and 
species composition. A number of digitally derived metrics have been generated from the 
research at the British Columbia Centre for Applied Remote Sensing Modelling and Simulation 
(BC CARMS) and the main goal of this project was to incorporate these metrics into a digital and 
three dimensional computer space and measure the impact on the accuracy and consistency of 
stand level visual interpretation. Four LiDAR metrics were reviewed and included canopy height, 
stem density, rugostiy, and gap fraction. A visual representation of Hyperspectral data was also 
reviewed.  

Interpreters were asked to interpret 5 polygons in the traditional manner without any ground call 
or ground visit information, then asked to interpret 10 polygons with the BC CARMS metrics, 
followed by another 5 polygons in the traditional manner but with the knowledge of the previous 
10 polygons and the associated metrics. Improvements in accuracy and consistency of the visual 
interpretation were minimal and in most cases did not significantly impact the resulting polygon 
interpretations. The standard deviation of height estimates by the interpreters decreased only 
slightly from 6.02 metres to 5.52 metres between the control, no additional metric information, 
and the polygons with canopy height model information. The mean difference from the ground 
sample stand heights and the control polygons actually increased from 6.06 metres to 6.49 metres, 
when the canopy height model information was provided to interpreters. A review of the canopy 
height model metric by polygon did however reveal that when the 99th percentile of the estimated 
heights was compared to the ground sample heights there was a reduced mean difference of 3.67 
metres.  Stem density estimates by the interpreters decreased from a standard deviation of 530 
stems per hectare to 430 stems per hectare from the control to the polygons provided with the 
individual tree crown stem density metric and further decreased to a standard deviation of 370 
stems per hectare in the 5 post metric polygons. Review of Rugosity, gap fraction, and species 
composition revealed similarly weak responses and the general interpreter feedback was that the 
metrics provided had limited utility. Interpreters were asked to rate the metrics and an average 
rating of 4.2 was returned were 1 was not useful at all and 10 was very useful. 

The overall conclusion drawn from this project was that variation associated with visual 
interpretation was not reduced by providing additional forest information (LiDAR and 
Hyperspectral metrics) in the form of raster classifications. Future work with LiDAR and 
Hyperspectral data should focus on ground validation and calibration for computer processed 
forest attribution rather than as ground sample surrogates for visual interpretation. 
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2.0 INTRODUCTION 

2.1 Project Goals and Project Motivation 

Visually interpreted forest inventories in BC continue to be the main source of forest information 
for a number of high level planning and derivative forest information products. Timber supply 
analysis relies almost entirely on the Vegetation Resource Inventory or updated forest cover to 
provide volume estimates and ultimately derivation of annual allowable cut within any given 
Timber Supply Area within the Province. Derivate ecosystem inventories such as Terrestrial 
Ecosystem Mapping and Predictive Ecosystem Modelling also rely on these inventories to a 
lesser extent as starting points for stratifying BEC variants into site series descriptions.  

Consistency and overall general accuracy across the timber supply area of interest have been the 
main goals for forest description but there is an increasing demand for spatially accurate forest 
information at higher resolutions. Polygon level accuracy is the new unwritten expectation of 
forest cover. While provincial scale inventories remained in process the same since their 
inception, research into alternate methods for acquiring forest attribute information has seen 
dramatic progression in academic and governmental research programs. This expansion in 
research is generally driven by technological revolutions in remote sensing technologies that go 
beyond photographic stereo pairs and now aerial platforms are available that acquire digital 
images, LiDAR, and Hyperspectral data simultaneously. LiDAR an acronym for Light Detection 
and Ranging is similar to RADAR and is an active sensor that uses laser pulse to acquire distance 
measures and from these distance measures ground elevation models and tree canopy or 
vegetation elevation models can be described (Suarez 2005). Hyperspectral is a term typically 
used to describe optical digital remote sensing data that has a high degree of spectral resolution or 
number of bands. Bands are ranges of the electromagnetic spectrum and a sensor like ETM+ on 
Landsat 7, with six optical bands plus a panchromatic band, is typically termed a multispectral 
sensor. The AISA airborne spectrometer, a hyperspectral sensor, that will be utilized for this 
project contains 492 spectral bands thereby narrowing the spectral range of each band and 
allowing for a higher precision of target discrimination or separation. Digital processing 
techniques of this data have also been aggressively pursued and individual tree count (ITC) 
algorithms using both optical and LiDAR data have shown surprising accuracy and efficacy for 
identifying species classifications and heights for individual trees (Gougeon 2000,2003, Leckie 
2003).. With increasing success and standardization of digital processing, the overarching 
prediction that these techniques might one day replace conventional inventories is starting to 
appear in the research literature (Gougeon 2003).  

Forest inventories today are still, in some cases, completed by delineation directly on 
photographic stereo pairs with subsequent transfer and attribution into digital products. These 
methods, while operational, are limiting because alternate information sources to guide the 
interpreter’s decisions cannot be incorporated in a non-digital world. Digital incorporation of 
aerial photographs into a GIS or CAD system has allowed interpreters to synthesize more 
information when describing stands and might use broad filters like the BEC to guide species 
identification or fine filters like previous inventories to help them in their calls. A gap exists 
between these industry standard inventories and academic and government remote sensing 
research. Bridging this gap is the focus of this research project. Rarely is there an opportunity for 
experts in inventory and experts in remote sensing research to collaborate with the goal of 
improving how inventory is done within the Province of British Columbian.  
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Replacement of the interpreter was not the goal of this research project and cost, information 
technology limitations, and limited expert personnel still provide significant barriers to an 
inventory of every tree, no matter how desirable, within the Province of British Columbia. 
Increasing the number of ground visits to verify polygon calls is a guaranteed way to increase the 
accuracy and consistency of VRI, especially when there are multiple interpreters working on any 
one area – but ground visits are costly. High resolution remote sensing has the potential to act as a 
surrogate for forest attribute information similar to ground sample plots with ground coverage to 
cost ratio far greater than actual site visits. Sample flight lines of LiDAR and Hyperspectral Data 
can be flown within the Timber Supply Area and ITC based heights and species types can then be 
incorporated into the interpreter’s digital environment, and like ground sample plots – act as 
benchmarks for stand delineation and description. The hypothesis for this research was that 
supplemental species and height samples derived from LiDAR and Hyperspectral data could 
improve the accuracy and consistency of the VRI. While the main goal of this research was to 
focus on improving VRI, using high resolution imagery to augment ground sample plots has 
implications for other aspects of forestry management including PEM, TEM, Biophysical 
Modelling, and Growth and Yield Phase two adjustments to the VRI. The forest inventories are 
the base of planning forestry within the province and it is time for these inventories to adopt new 
techniques to improve their accuracy and consistency. 

The long term objective of this project was to improve the methods for conducting forest 
inventory so that derivative information of forest inventories can benefit from higher levels of 
accuracy and consistency. It is unlikely that forest inventories will be replaced with image 
analysis in the near future but it is likely that remote sensing can play a positive role in the 
process of forest inventory classification. The project vision was to build confidence within the 
forest inventory community and eventually incorporate remotely sensed forest attributes into 
current methodologies. 

 

2.2 Project Location 

The project study area was Canfor’s Tree Farm Licence (TFL) 18 just outside Clearwater British 
Columbia. Figure 1.0 shows a map of the TFL boundary and it’s location in British Columbia 
with the twenty ground sample polygons shown in yellow. The study area is a mountainous 
heavily managed and harvested area with a wide range of tree species stand ages. The primary 
species for each of the twenty stands included Douglas-fir, Logepole pine, Engelmann Spruce, 
Alpine Fir, and Western red cedar. Stand ages sample ranged from 17 years of age to 220 years of 
age.  

Figure 1.0 TFL 18 Study Area (20 sample polygons shown in yellow) 
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3.0 METHODS 

3.1 Field Data Collection 

The existing inventory for TFL 18 was provided to Timberline and was used as a starting point 
for ground sampling. Polygons with an age greater than 10 years, with a species and age class 
present, area greater than 10 hectares, and within 200 metres of a road were selected as the initial 
sample population. A random selection of 100 polygons from this initial polygon restriction was 
then selected as potential ground sample sites within the TFL. Twenty polygons were visited over 
a three day period and standard Phase 1 VRI sample plots were collected at each site. Initial 
polygon centroid UTM coordinates were used to locate each polygon and then a representative 
area was selected to identify the actual plot location. Actual plot locations were then collected 
using the GPS to ensure that the ground sample plots fell within the expected and polygons that 
were to be visually interpreted.  Standard Phase 1 VRI sample plots included the collection of 
species and DBH for all the trees in the sample and age and height was collected for the primary 
and secondary species.  Appendix 1 included with this report contains all of the raw ground 
sample information along with notes for each sample plot.  The majority of pine stands in the 
region were dead or dying due to mountain pine beetle and the ground sample plots in Appendix 
1 report this information.  

 

3.2 LiDAR and Hyperspectral Metrics 

The metrics, or values derived from the raw LiDAR and Hyperspectral aerial data, come directly 
from the work at BC CARMS and are thanks to the work of Olaf Niemann and Rafael Loos. The 
following decryptions are the descriptions provided to the interpreters but more detailed 
descriptions of these metrics will be available soon from ongoing research that is currently being 
conducted by BC CARMS for TFL 18.   

The canopy height model is an estimation of height and is derived from the difference between 
bare earth LiDAR (minimum) returns and canopy or vegetation (maximum) returns. The resulting 
difference is 2 metre resolution height estimation. Figure 2.0 below shows the classified canopy 
height model incorporated into the PurView (three dimensional soft copy computer space) and 
ArcGIS software used for VRI interpretation. This metric was used to aid interpreters in 
describing stand height.   

Stem density is an individual tree crown based metric that is created by first identifying the 
individual trees then creating a point feature for each tree crown. These points can then be 
summarized by an area, in this case a 20 by 20 metre square (pixel) and summarized to get a 
value equal to stems per hectare.  This metric was used to aid interpreters in describing live stems 
per hectare. Figure 3.0 below shows the classified stem density metric.  

Rugosity is the measure of small scale variations in the height of a surface and is derived from the 
canopy height model. It is a measure of bumpiness and for the purpose of this project was used as 
an estimate of vertical complexity. Figure 4.0 below show the classified rugosity metric in the 
PurView/ArcGIS environment.  

Gap Fraction is a measure of the percentage of open area in the canopy height model based on a 
20 by 20 meter square. This metric was used to support the interpretation of crown closure and is 
shown below in figure 5.0 
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Figure 2.0 Canopy Height Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.0 Stem Density metric 
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Figure 4.0 Rugosity metric 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.0 Gap Fraction metric 
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The original goal of this project was to classify the hyperspectral data for species composition 
and use it as a benchmark for visual interpretation but the ground sampling proved to be to 
limiting to support this type of analysis. A visual representation of the hyperspectral data was 
used instead with the hope of improving the species percentage interpretation classification. 
Three bands were loaded into the red green blue channels to produce a false colour composite that 
was presented to the interpreters. Of the 492 spectral bands three bands were chosen - a SWIR2 
1655.03 nm (red), NIR 834.86 nm (green), Blue 661.17 nm (blue) band combination used by 
Clark (2005) was selected. The colour representation can be seen below in Figure 6.0. It was also 
thought that a bare earth surface model might be useful for species classification and it is shown 
below as a hillshade in Figure 7.0.  

 

 

 

Figure 6.0 Hyperspectral RGB 
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Figure 7.0 Bare Earth Hillshade 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 VRI/PurView Visual Interpretation 

Ten Vegetation Resource Inventory interpreters were able to participate in this project and they 
were asked to interpret 20 polygons for the attributes describe in Figure 8.0 The interpreters were 
first presented with standard stereo pair images in the three dimensional PurView and ArcGIS 
environment and asked to interpret 5 polygons. Figure 9.0 shows the first polygon in the standard 
VRI interpretation. They were then presented with short descriptions of the LiDAR and 
Hyperspectral metrics and asked to interpret a further 10 polygons. Following this they were 
asked to interpret another 5 polygons with just the standard stereo pairs. The goal of this 
implementation was to have a control of 5 polygons per interpreter then a test of 10 polygons and 
a following 5 polygons to indicate weather the 10 LiDAR and Hyperspectral polygons had any 
impact on further interpretation. The attribute descriptions for Figure 8.0 come directly from the 
User’s Guide to the Vegetation Resource Inventory complied by Timberline Forest Inventory 
Consultants in 2005. Appendix 2 included with this project report is a replica of the spreadsheet 
containing the instructions provided to each of the ten interpreters.  
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Figure 8.0 VRI Attribute Descriptions 
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Figure 9.0 Polygon 1: Control PurView and ArcGIS 
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4.0 RESULTS 

4.1 Ground Sample Comparison 

The ground sample data collected in a standard VRI phase 1 sample plot proved inadequate for 
validating the LiDAR and Hyperspectral metrics. Height alone was an effective stand level 
ground sample and could be compared against the canopy height model. Multiple height 
measures in the plot would be desirable to accurately validate the canopy height model. VRI 
phase 1 sample plots were chosen because they are the conventional ground sampling method for 
“training” the VRI interpreters to the existing forest conditions. The process of visiting a 
particular forest stand by an interpreter can not be underestimated and the information in the 
ground sample only represents a snap shot of the information gained when walking through a 
stand. It is an important caveat that the results of this analysis should not be taken out of context 
with respect to standard VRI accuracy and consistency. This was a simulated VRI done without 
the normal research and ground visits that accompany a VRI. This was by design because the 
goal was to see if the LiDAR and Hyperspectral metrics could simulate that experience in a way 
that could be measured. In this way interpreters went from no information control polygons, to 
LiDAR/Hyperspectral test polygons and finally polygons after the extra information was 
provided.  

A review of the 2 metre canopy height model metric by polygon revealed that the 99th percentile 
of was the closest approximation of the stand heights captured in the field. Figure 10.0 below 
shows the mean heights of various percentiles compared to the mean height of the ground 
samples generated from the VRI sample plot. It is clear that the LiDAR stand elevation is 
typically less than the ground sample and this may be because the LiDAR pulse is likely to miss 
the exact apex of a tree while ground sampling allows you to sight the direct top of the tree. 
Height in VRI is based on the average height weighted by basal area so small trees tend to be 
ignored by ground sampling and visual interpretation but LiDAR is sensitive to all vegetation so 
polygon summaries tend to have lower averages. Percentiles help with this problem but further 
study is required to ensure that percentile cut offs are calibrated to more extensive in stand 
sampling.  

Figure 10.0 Percentile means of Canopy Height Model (m), XGV_HT_SP1 (ground sample) 
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4.2 Interpretations: Height, Stem Density, Rugosity, Gap Fraction, Species  

The follow results are described for each of the three groups of interpreted polygons: the 5 control 
stereo air photo only, the 10 test stereo air photo and LiDAR/Hyperspectral metrics, and the 5 
post test air photo only polygons. There were 20 polygons interpreted by 10 interpreters for a 
total of 200 interpretations. 

 

4.2.1 Height 
The average standard deviation for the 5 control polygons was 6.07 metres, 5.52 metres for the 10 
LiDAR/Hyperspectral polygons, and 5.33 metres for the 5 post test polygons. There is a slight 
reduction in variance associated with providing the extra canopy height metrics but it was the 
dramatic change that was expected. Figure 11.0 shows the stand level mean interpreted heights in 
order of control, test, and post test.  

 

Figure 11.0 Box and Whisker Plots Interpreted Heights by Stand (20 polygons) 
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The mean height difference from the ground sample data was also analysed and surprisingly the 
mean increased from the control to the test. The mean height difference from the interpreted 
stands to the ground sampled stands for the control was 6.06 metres with a standard deviation of 
6.77 metres, the test mean was 6.49 metres with a standard deviation of 4.37 metres, and the post 
test polygons had a mean difference of 4.97 metres and a standard deviation of 4.33 metres.  

A comparison of the 99th percentile heights from the canopy height model against the ground 
sampled heights had a mean difference of 3.6 metres with a standard deviation of 2.35 metres.  

 

4.2.2 Stem Density 
Stem density showed a similar response to the additionally provided metric with a slight decrease 
in the variance, reported in standard deviation, for the three groups of visually interpreted 
polygons. The five control polygons had an average standard deviation of 530 stems per hectare, 
a standard deviation of 430 stems per hectare for the 10 test polygons, and a standard deviation of 
370 stems per hectare fore the post test polygons.  

 

4.2.3 Rugosity 
The interpreted value for this metric was a classified value and there was limited information to 
be gained from this metric. Some of the interpreter’s comments were that it was confusing and 
easier to interpret without it. There also seemed to be no apparent trends in decreased variance of 
the interpretations. 

 

4.2.4 Gap Fraction 
Gap fraction was the opposite of the required VRI attribute of crown closure so the interpreters 
were required to make the percentage reversals. The 5 control polygons had an average standard 
deviation of 9.9 %, 11.0% for the 10 test polygons, and 11.0% for 5 post test polygons.  

 

4.2.5 Species Composition 
There was an overwhelming response from the interpreters that the rgb colour representation of 
the hyperspectral information was in no way useful for species composition. Some interpreters 
suggested that the percentage composition of species might be affected by this visualization but 
the results indicated otherwise. The average standard deviation for the composition of the 
dominant species was 13.7%, 13.6% for the 10 test polygons, and 14.9 5 for the post test 
polygons.  

 

4.3 Interpreter Survey 

At the end of the 20 polygon interpretation the interpreters were asked to rate each of the five 
metrics and Figure  12.0 below shows the results. The average for all the 5 metrics was 4.2 where 
1 was not useful at all and 10 was very useful. The canopy height model was considered the most 
useful but still was only given an average rating of 4.8 
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Figure 12.0 Interpreter Survey 
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5.0 DISCUSSION, CONCLUSION, MANAGEMENT  

The results of this analysis indicate that incorporation of remotely sensed information into a 
visual interpreted inventory has little or no affect on the consistency of the interpretation. A 
consistent inventory is likely most affected by the research and field work prior to visual 
interpretation and abstract raster based metrics do not serve as surrogates to actually walking 
through as stand of trees.  This analysis did reveal that the canopy height model was more 
accurate and less variable than the visually interpreted heights and there is promise in pursuing 
calibration of the described metrics. This analysis also strongly indicates that there is limited 
value in pursuing the incorporation of LiDAR/Hyperspectral metrics in visual interpretation 
because the new information doesn’t provide a direct benefit to the interpreters.  

LiDAR and Hyperspectral derivate metrics must be calibrated to ground surveyed field data far 
more extensive than VRI phase 1 sample plots. Multiple samples per polygon will initially be 
required to validate the raster based metrics but following those validations direct application 
across the land base could be effective. Future ground sampling initiatives in TFL 18 are planned 
for the 2008 field season and it is expected that the results of this analysis will be instrumental in 
shaping those endeavours. This project is also the beginning of a MGIS masters project for the 
University of Calgary and will continue with a focus on Hyperspectral species classification with 
polygon level field validation.  
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7.0 APPENDIXES 

Appendixes are included as digital files with this report; 

 

Appendix 1:  Ground Sample Data - Appendix _1_xgv_groundsample.xls 

Appendix 2:  Intepreter Instructions – Appendix_2_interpreterinstructions.xls 

Appendix 3. GIS data and LiDAR/Hyperspectral Metrics – Appendix_3_gisdata(folder) 
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