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Executive Summary 

 

This project has addressed a number of issues related to the potential of 

applying emerging remote sensing technologies to address the information 

gathering process in forestry and forest inventory. The technologies that have 

been focused on in this project include Light detection and Ranging (LiDAR) and 

hyperspectral imaging spectroscopy. The project used a study area centered on 

Canfor’s Tree Farm License (TFL) 18 north of Clearwater, B.C.  

 The overall goal of the project was to evaluate LiDAR and hyperspectral 

technologies, independently and together, as potential contributors to the 

extraction of information relevant to forest information gathering. The specific 

objectives were: 

• Assess the state of the tools available for the processing of large volumes 

of LiDAR and hyperspectral data; 

• Develop, where necessary tools to fill processing voids; 

• Apply these tools to the processing of the data collected for a large 

spatially contiguous block of data representing a forest management unit; 

• Evaluate the results within the context of existing forest inventory 

methodology. 

 



 Data were acquired over a 4 day period using a multisensor instrument 

platform in a fixed wing aircraft. This was not an experimental design and has 

subsequently been used in numerous data acquisitions both in British Columbia 

and elsewhere.  

 A processing framework was developed to address the needs of the project. 

Where possible we used commercially available software and developed 

processing tools to address any encountered deficiencies. The outcome of this 

assessment was that while a number of tools to preprocess data to prepare them 

for further analysis were available commercially, further processing to extract 

forest attributes required the development of custom tools. 

 The LiDAR data were processed to derive a number of initial products. 

These included a bare earth model representing a digital elevation model without 

the effects of vegetation, a canopy height model which is the terrain-normalized 

vegetation height, and a series of metrics representing the vertical and horizontal 

descriptors of the vegetation canopy. This set of metrics is based on the 

processing of the LiDAR vegetation returns within a user specified grid cell on a 

quantile basis. 

 The hyperspectral imaging spectrometer data were initially processed to 

remove the effects of atmospheric and illumination. The data were then 

orthorectified to accurately position the data and remove the effects of 

relief/vertical displacement. For the latter a digital surface model representing the 

3 dimensional reflective surface was used. The result was that the hyperspectral 

data were positioned to within plus/minus 2 metres, or 1 pixel. 



 Field data were collected for a single 1:20,000 map sheet (BCGS 92P.069). 

These data were used to calibrate the LiDAR models. A novel technique to 

address the issue of sample selection based on the LiDAR data was developed. 

This technique provides the user with an oversight of the distribution of structural 

elements within the canopy, and ensures that the sample design optimizes for a 

both representativeness and sample design. 

 LiDAR biometrics were modelled based on the attributes collected during 

the field work. The attributes modelled included tree height, diameter, volume, 

and biomass. The results suggest that we can relate the field-measured 

attributes to the LiDAR biometrics with a high degree of correlation. A range of R2 

results from 0.86 to 0.95 was obtained, depending on the complexity of the 

attribute modelled. These models were spatially extrapolated to include the entire 

study area. Mean predicted stand-level inventory variables derived from LiDAR 

data compared well with estimates produced by traditional photo-based 

Vegetation Resources Inventory (VRI) methods: basal area (R2 = 0.64), height 

(R2 = 0.60), and crown cover (R2 = 0.63). Mean LiDAR and VRI estimates of 

basal area, height, gross volume, and canopy cover for BCGS mapsheet 

92P.069 were also similar in magnitude (LiDAR vs. VRI): basal area (24.4 vs. 

21.4 m2/ha); height (12.7 vs. 14 m); gross volume (193.3  vs. 188.2 m3/ha), and 

crown cover (42.1 vs. 45.9%). 

 The hyperspectral data were used to address the question of species 

composition. One of the drawbacks with traditional analysis of remotely sensed 

images is that when applying the analysis in a image matrix environment we 



typically do not extract spatially explicit information. The approach used in this 

project was to derive an initial representation of individual treetops using the 

LiDAR data. Each of these treetops was stored in a tree list where the location 

and height of each of the dominant - codominant trees were retained. These 

treetops were subsequently mapped onto the hyperspectral data and a single 

spectrum representing the top of the tree was extracted. These individual spectra 

retained the positional information of the treetop so that we could map them back 

into geographic space one the analysis was complete. The spectra were 

classified using a supervised Spectral Angle Mapper (SAM) classification 

approach. An assessment of accuracy was performed using a leave-one-out 

cross-validation approach on the training data. The resultant overall classification 

accuracy was 76% with the greatest confusion between the spruce and fir 

species. The classified spectra were grouped into a 20 metre grid (based on the 

same grid structure that was applied to extract the LiDAR biometrics. The 

grouping that we applied was based on the leading species. We calculated this 

metric based on the volume of specific identified species within the individual 

cells.  

 While the project was successful in identifying a number of attributes that 

could be extracted we also identified the number of issues that need further work. 

For the LiDAR data there is a need to further develop forest and terrain-related 

metrics that describe the forest environment. Directions that are presently being 

considered relate to the modelling of site productivity, integrating the very high 

information content of the bare earth model and potential evapotranspiration 



models. An additional model is one dealing with wood quality (based on intrinsic 

wood properties) from LiDAR biometrics and terrain modelling. The hyperspectral 

data system is less mature and more complex than LiDAR. One of the issues 

that were addressed in this project is that of species classification. This area 

needs further elaboration, especially in addressing more effective methods to 

partition the feature space. Other analysis includes the mapping of chlorophyll, 

and by extension foliar nitrogen. While the modelling processes of the spectral 

features to extract these attributes are important we need to address, more 

fundamentally, the noise characteristics of the data. This is crucial as the forest 

environment is a relatively low reflector, and as such the noise component of the 

data becomes increasingly important. If we can characterize the noise more 

effectively then it becomes less of an issue in low illumination environments.  

 The final area of research identified here is that of newer, more advanced 

technologies and the potential for application to forest related problems. This is 

primarily focused on higher frequency LiDAR systems (currently up to 260 KHz.) 

and high-spatial and spectral-resolution imaging spectrometers. The increase in 

resolutions will increase the challenges in feature extraction, but also allow for a 

much higher potential to extract meaningful features. At the other end of the 

resolution spectrum are satellite-base systems. There are currently plans for 

global coverage of hyperspectral data with resolutions approaching .25 ha. In 

addition, missions with large footprint full waveform systems are also planned. 

The integration of these two systems will allow us to accurately model regional to 

global changes in biomass quickly and relatively inexpensively. 


