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Project purpose and management implications 
 A spatially integrated dataset derived from airborne LiDAR (Light Detection And 
Ranging) and hyperspectral remote sensing (RS) instruments allows for detailed 
measurements of forest composition and structure at several spatial scales (i.e., tree, 
stand, and landscape). LiDAR instruments specifically measure the 3-D geometry of 
forest canopies and other terrain features, while hyperspectral sensors record the 
reflectance properties of these same features within very narrow (2–9 nm) and spectrally 
contiguous wavebands, ranging from the visible to shortwave infrared (400–2450 nm). 
The main purpose of this research is to demonstrate how a spatially integrated airborne 
LiDAR–hyperspectral RS dataset can be used to obtain selected attributes of forest stand 
structure and composition in support of the BC Vegetation Resources Inventory (VRI). 
Specific project objectives include: (1) development of RS methods and tools to extract 
forest measurements from high-spatial-resolution LiDAR and hyperspectral datasets; (2) 
construction of  predictive models for VRI attribute extraction based on the statistical 
relationships between RS metrics and field measurements; (3) exploration of local 
window, boundary detection, and region-based segmentation methods for spatial 
partitioning of stand boundaries; (4) comparison of VRI results derived from integrated 
RS approach with traditional photo-based methods. This three-year study will be carried 
out within the Southern Interior Forest Region on Tree Farm Licence (TFL) 18. Research 
partners include Canfor Corp., Vavenby Division; Ministry of Forests and Range, Forest 
Analysis and Inventory Branch, and Terra Remote Sensing Inc., Sidney, BC. 
 We expect that continued research, development, and application of spatially 
integrated LiDAR and optical RS datasets may lead to further advancements and 
efficiencies in forest inventories in the following areas. First, integrated RS datasets may 
be used to measure a broad range of structural and compositional attributes to quickly 
update existing forest cover maps. Second, well calibrated RS data could be used to 
capture inventory attributes in remote or inaccessible regions of the province or land 
base. Third, a digital RS approach to VRI would allow for rapid measurement of spatially 
continuous inventory variables that are precise, replicable, and lend themselves well to 
spatial and aspatial statistical analyses. Last, integrated RS data may lead to more 
meaningful and ecologically relevant measures of forest composition, structure, and 
function that would support the criteria and indicators (C&I) approach of sustainable 
forest management (SFM), effectiveness monitoring, adaptive forest management, and 
forest certification. 
 
Project start date and duration: April 1, 2006 (3 year: 2006-09) 
 



Methodological overview 
 All RS datasets will be captured simultaneously from a fixed-wing aircraft using a 
fully integrated, multi-sensor RS data collection platform developed, operated, and 
maintained by TRSI. The three main sensors include a 14-Mp (mega pixel) digital frame 
camera, TRSI Mark II 100-kHz discrete-return, small-footprint LiDAR, and SPECIM 
AISA Dual (VNIR: 400–970 nm; SWIR: 970–2450 nm) hyperspectral imager. Basic RS 
data products will include a spatially integrated (georeferenced), contiguous mosaic of (1) 
orthorectifed digital colour photos (30-cm spatial resolution); (2) LiDAR xyz points (1–2 
returns per m2) and associated attribute data (i.e., return class, intensity, feature class, 
etc.); (3) geometrically, atmospherically, and spectrally corrected hyperspectral imagery 
with 244 bands (2.3-nm spectral resolution) in VNIR and 254 bands (5.8-nm spectral 
resolution) in SWIR at 2-m spatial resolution. The mosaic of RS data products will cover 
approximately 60,000 hectares of TFL 18 (Clearwater, B.C.). Post-processing of all RS 
data products will be undertaken at the BC Centre for Applied Remote Sensing, 
Modelling, and Simulation (BC-CARMS), UVIC.  
 High-spatial-resolution RS sensors produce image pixels (or laser post spacings) 
that are often much smaller than the scene objects of interest (e.g., trees or stands). As a 
result, traditional pixel-based approaches commonly used for feature extraction and 
image classification of low-resolution satellite imagery are usually not very effective for 
high-spatial resolution data. Therefore, we will pursue alternative strategies, such as 
local-window (neighbourhood) sampling and object-based segmentation for feature 
extraction and image classification purposes. For example, we will use a 20-m sampling 
grid aligned with the 100-m Provincial inventory grid to compute within-cell height- and 
density-related biometrics from LiDAR points. Linear regression will be used to model 
the statistical relationship between LiDAR-derived biometrics and ground-reference 
(field) inventory measurements. Fitted regression equations will be used to predict 
selected attributes of stand structure (e.g., height, volume, basal area, etc.) for each grid 
cell in the array. The total number of ground-reference samples required will depend on 
the structural and compositional variability of the stands. 
 Recent RS studies show that individual tree species within and between 
taxonomic groups are most reliably identified using branch- and crown-scale spectral 
measurements. Sampling approaches for species identification have traditionally relied on 
crown-isolation techniques to capture pixel spectra from the sunlit portion of individual 
crowns. Spatially integrated LiDAR–hyperspectral datasets, however, may allow other 
more efficient possibilities for spectral sampling and predictive modelling. For example, 
spectral signatures could be sampled by wavelength (400–2450 nm) and canopy height to 
capture the reflectance properties of discrete crown classes or canopy layers. Also, the 
addition of canopy surface and terrain variables derived from LiDAR (e.g., texture, 
elevation, slope, aspect, surface curvature, etc.) may improve the accuracy of spectral-
based predictive models. We will explore the potential of both of these strategies for 
identifying leading and secondary species at plot and stand levels. 
 We will also investigate the use of spatially constrained clustering, boundary 
(gradient) detection, and region-based segmentation methods to identify structurally and 
compositionally homogeneous forest stands and their boundaries.  
  
 



Project scope and regional applicability 
 This project has been designed as a small-scale (15,000 ha) proof-of-concept or 
pilot study to evaluate the capability of spatially integrated LiDAR–hyperspectral 
datasets to support Phases I and II of the VRI. The study area for this pilot project will 
cover a single BCGS 1:20,000 mapsheet (92P.069) located in the southeast corner of TFL 
(centre coordinates of the mapsheet are 51° 39′ N and 120° 18′ W). The mapsheet covers 
four biogeoclimatic subzones, including ESSFwc2, SBSmm, ICHmk2, and ICHmw3. 
Canfor (Vavenby Division) will undertake a traditional photo-based VRI for this same 
mapsheet as a baseline for comparison with the inventory results obtained from our 
integrated RS approach. General findings from this study will be applicable to all forest 
regions of BC. 
 
Interim conclusions 
 No interim conclusions are currently available; however, more detailed 
information regarding this research project, RS technologies, or data can be obtained 
from the contact information below. 
 
Contact Information:   
Dr. Olaf Niemann, Department of Geography, UVIC; Tel: 250-721-7329; Email: 
olaf@uvic.ca  
 
  
 
  
   
 
 
 
 
 
  


