
FII Forest Research Program 2003/04 Annual Progress Report 

The purpose of this Annual Progress Report is to communicate progress and achievements of your research project over the funding period and 
identify impacts or outcomes of the project.  Information from this progress report is required to assess the final progress of the project in relation 
to the Recipient Agreement and to provide information required for FII Ltd. to report on annual achievements and funding investments for the 
Forest Research Program.  Complete the required information in the unshaded text boxes for Parts A to C, (text boxes will expand). 

 

Part A:  General Project Information 
The information provided under Part A will be available for immediate posting on the Internet in a project repository on the Natural 
Resources Information Network (NRIN) website. 
 
Project No: R04-094 
Organisation: University of Victoria 
Project Contact: Dr. K. Olaf Niemann 
Address: Department of Geography, P.O. Box 3050, Victoria, BC V8W 3P5 
Phone No. 250-721-7329 
Email: oniemann@mail.geog.uvic.ca 
Project Title: 
Airborne lidar as a powerful new technology for operational forest inventories and sustainable forest management 
 
Final Project Abstract: 
Understanding the structure and function of forest ecosystems and their interactions with other natural systems at stand, landscape 
and global scales is fundamental to the development of sustainable forest management practices in British Columbia. In the forests 
of northwestern North America, forest structure has become a key focus of research because of its significance for timber 
production, biodiversity, and ecosystem function. Forest structure can be more directly addressed by silvicultural prescriptions and 
regulatory policy than any other aspect of stand ecology and thus has become a strong management focus as well. This FII-funded 
research project was designed to address two main questions related to the measurement and management of forest stand structure 
in BC forests: (1) Can lidar remote sensing be used to improve the quality, timeliness, and cost-effectiveness of traditional forest 
inventories, and (2) Can this technology facilitate the collection of other more ecologically relevant stand attributes that support 
long-term ecological monitoring and sustainable forest management? The research reported here was undertaken within the Coastal 
Western Hemlock (CWH) biogeoclimatic zone on southeastern Vancouver Island; however, findings from this study could be 
easily adapted for use in other forest regions of BC. The inventory component of this research was conducted on private lands 
owned by Weyerhaeuser BC Coastal Group, while the Sooke Lake watershed was the focus of study for research on stand 
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structural diversity. Preliminary results indicate that lidar data are extremely rich in all kinds of biophysical information related to 
vertical and horizontal canopy structure, as well as the geometry of the underlying terrain surface. Our research has resulted in the 
development of a number of promising new techniques for extracting attributes of forest structure from lidar data. First, an 
individual-tree and virtual prism-sampling approach was used to measure standard inventory variables (i.e., stem density, basal 
area, and volume) at the plot, stand, and land-holdings level. Second, spatial pattern analysis has shown significant potential for 
quantifying the fine-scale spatial heterogeneity of forest canopies, and may therefore find direct application in the design of 
variable retention harvesting prescriptions, detailed habitat mapping, and old-growth surveys. In theory, these quantitative 
estimates of spatial heterogeneity also have the potential to significantly improve the predictive strength of traditional height-based 
(quantile) estimators currently used in lidar studies. More detailed findings from this study will be available as a Ph.D. dissertation, 
Master’s thesis, and journal publications by late fall 2004.  
 
Keywords: 
Airborne laser scanning, lidar, forest canopy structure, structural heterogeneity, structural diversity, coastal temperate rainforests, 
forest inventory, ecosystem-based management, sustainable forestry, hemispherical canopy photography, LAI-2000 PCA. 
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Part B:  Project Impacts, Outcomes, Progress, and Extension 
Information provided in Part B is used to evaluate and assess the completion of the project in relation to the terms and workplan outlined in the 
Recipient Agreement and assess the impacts and outcomes of the project. 
 
B1:  Workplan and Annual Progress Summary: 

Using the table below, describe the extent to which the activities and objectives identified in the workplan (Schedule A Recipient Agreement) 
were achieved.  Indicate any changes from the original plan in bold, and indicate date of approval and brief rationale for the change.  Please list 
extension activities and deliverables in table B5 below(“Outputs, Deliverables, and Extension”) 
 
Project Component or 

Objective  Activities (Tasks)  Extent to Which Activities have been Completed and Objective has been 
Achieved  

Lidar as an inventory tool Prepare inventory and lidar 
datasets; develop techniques to 
extract inventory attributes from 
lidar data; develop regression 
models and test predictive 
strength. 

Detailed inventory data in the form of maps and tables were delivered by Weyerhaeuser in hardcopy 
form. Conversion from hardcopy to digital format for all data types added considerable time and 
cost to this phase of the project. A new method based on individual tree identification and a virtual 
prism sweep where developed for this project. Height–age equations have been produced for dominant 
species classes, and an algorithm for plot-level inventory tallies has been validated using a separate set 
of inventory plots. All proposed tasks have been successfully completed. 

Lidar as an inventory tool Design alternative lidar sampling 
configurations; compute 
inventory data using the different 
sampling strategies; compare 
lidar inventory approach with 
conventional methods. 

Various alternative sampling strategies have been designed based on point, transect, and area-based 
approaches. Implementation of these methods is currently underway, and final results for this 
component of the project will be completed by this summer or fall. 

Lidar as an ecosystem-based 
management tool 

Compute plot-level attributes of 
forest structure and produce final 
ground-reference datasets; 
develop an index of structural 
diversity using in situ optics and 
mensurational data. 

All of the plot-level attributes, with the exception of the wavelet variances, have been computed for our 
ground-reference plots. Wavelet analyses are currently being completed by a graduate student at SFU. 
A new technique and software have been developed to compute element-clumping indices from fisheye 
photographs. Clumping indices are an important attribute of stand structural diversity and also a crucial 
input parameter used to convert effective LAI to LAI. Analyses of these ground-reference data are 
currently underway by two graduate students at UVIC and SFU.  

Lidar as an ecosystem-based 
management tool 

Develop an index of structural 
diversity using lidar data; 
construct multivariate regression 
models to predict attributes of 
stand structure using lidar 
metrics. 

A number of new lidar-based measurements and software programs have been developed to quantify 
both the vertical and horizontal heterogeneity of forest stand structure. In an effort to provide a better 
validation of these new techniques we simulated 205 0.25-ha plots using a 3-D voxel modeling 
approach. We are currently using statistical cluster, ordination, and regression analyses to 
determine the behaviour and significance of these new methods. Once we finish the simulation 
analyses we will complete the work on the multivariate regression models. This phase of the work is 
being completed as part of a Ph.D. dissertation, which is expected to be submitted this fall.  
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B2:  Research Question:   

Restate the research question as per your original proposal and comment on the extent to which your research question has been answered 
during the current funding period. 
Can lidar remote sensing be used to improve the quality, timeliness, and cost-effectiveness of traditional forest inventories; Can this technology 
facilitate the collection of other more ecologically relevant stand attributes that support long-term ecological monitoring and sustainable forest 
management?  
 
Preliminary results indicate that lidar is a very promising tool for the measurement of forest stand structure. Lidar data appear extremely rich in 
all kinds of biophysical information related to vertical and horizontal canopy structure, as well as the geometry of the underlying terrain 
surface. We expect that lidar will be used in the future for variety of forest management applications; however, it will take continued public and 
private investment through research and development to make lidar a commonly used operational tool. A more definitive statement on the 
outcome of this research will occur upon completion of the project.  
 
 
 
 
B3:  Impacts and Outcomes: 

Describe the impacts and outcomes of the research and how the research has benefited or improved sustainable forest management.  Where 
possible, provide quantifiable outcomes associated with this research (i.e., volume gain in terms of m3; cost savings due to improved access, 
etc.). 
Although the full outcome of this research is not yet known, we expect that some of our preliminary findings may benefit sustainable forest 
management in the following areas. First, lidar-based forest inventories have the potential to improve traditional forest inventories by (i) 
allowing rapid sampling of more of the land base; (ii) providing simultaneous collection of critical terrain information; (iii) enabling the capture 
of otherwise difficult-to-measure attributes of forest structure as surrogate measures of habitat, ecosystem function, and biological diversity. 
Second, rapid capture of ecologically relevant forest measurements will provide critical feedback for long-term monitoring and adaptive forest 
management. Third, new methods to identify and quantify complex canopy structures may benefit the design and implementation of structural 
retention in to ways: (i) it could provide the methods and tools necessary to study the multiscaled structure of natural forests as a blueprint  for 
the design of region-specific silvicultural systems; (ii) lidar could play an important role in the identification of key biological anchors to plan 
the location, pattern, and scale of structural retention necessary to meet a broad range of management objectives. Lastly, lidar forest 
measurements could be used to expand local, regional, and national networks of existing inventory plots to more remote or less frequently 
sampled areas to support provincial and national carbon accounting, biodiversity, and inventory initiatives. 
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B4:  Users and Application of Results: 

List the user group and describe the realised or expected benefit of your research (eg, researchers, technical experts, planners, foresters, 
practitioners, regulators, decision makers, public). If results or information derived from the research have been used, provide the name of the 
individual and organisation and describe how the information has been applied. 
 
User/User Group Realised/Expected Benefit 
Researchers 
 

Methods may provide rapid measurement of an important covariate (structural heterogeneity) for use in scientific 
studies seeking to understand the complex relationships between ecosystem structure, function, and biodiversity. 
Lidar would allow researchers to study the patterning of natural stands as a blueprint to design region-specific 
silvicultural systems. New insight into the quantitative link between canopy surface expression and internal stand 
structure. 

Foresters 
 

Rapid inventory of basic forest measurements (i.e., heights, density, basal area, and volume). Support for the design 
and implementation of retention-based silvicultural systems.   

 
 

 

 
 

 

 
 
B5:  Outputs, Deliverables, and Extension 

List the deliverables or extension products developed from the research during the 2003/04 funding period.  Please identify a) the type of 
deliverable (TYPE), b) the deliverable citation, and c) whether it is (Y) or is not (N) included as part of this Annual Progress Report submission 
(INCL). 
 
TYPE CITATION INCL (Y/N) 
 None to date; however, we expect to deliver 1 Ph.D. dissertation, 1 Master’s thesis, and a number of journal 

publications by the end of this calendar year. 
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Deliverable Type Legend 
TYPE OUTPUT DESCRIPTION TYPE OUTPUT DESCRIPTION 
TEC Technical Report FGM Field Guide or Manual 
JOU Peer Reviewed Journal Article ORA Oral Presentation 
EXT Extension Note or Newsletter Article POS Poster Presentation 
NEW  Newsletter WEB Website 
BOK Book or Book Chapter OTH Other 
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Part C:  Additional Project Information 
Information provided in Part C will be used to report out on the overall investments of the Research Program during the 2003/04 funding period. 
 
C1:  Multi-year Projects: If the project is part of a multi-year research initiative, indicate in the statement below where the current funding period 
(2003/04) lies within the longer term research program: 

The 2003/04 fiscal period represents year __3__ of a __3__ year research program/project. 
 
 
C2:  Research Focus:  Select (by placing an X in the preceding box) the primary category that would best categorize the focus of research 

 Silvicultural Systems - (harvesting systems – 
shelterwood, clear-cut, etc.) 

  Natural Disturbance Dynamics (fire, 
wind, etc.) 

  Site Rehabilitation and 
Restoration 

 Growth and Yield (modeling, site index work)   Ecosystem Dynamics (classification, 
inventory, PEM, ecosystem research) 

   Forest Genetics

 Biodiversity/Habitat Management (SAR, 
habitat requirements, habitat supply modeling) 

  Wood Quality (assessment, wood 
properties and potential applications) 

 X Other – Please specify 
Development of new methods 
for forest measurements in 
support of all categories above. 

 Forest health (pests and pathogens)   Soil Conservation, Health, and 
Productivity 

   

 Riparian and Aquatic Management (buffers, 
CWD) 

  Integrated Resource Management (land 
use planning) 

   

 
 
C3:  Biogeoclimatic Ecosystem Classification:  Identify (by placing an X in the preceding box) the BEC zone(s) to which the research applies. 
 
 Alpine Tundra  Engelmann Spruce-Subalpine Fir  Ponderosa Pine 
 Boreal White and Black Spruce  Interior Cedar-Hemlock  Spruce-Willow-Birch 

Bunchgrass Interior Douglas-Fir Sub-Boreal Spruce 
 Coastal Douglas-Fir  Montane Spruce  Not applicable 
X Coastal Western Hemlock1    Mountain Hemlock  

   

Note: 1 could be applied in all forest types with calibration. 
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C4:  FII’s Objectives and Strategies:  With respect to FII’s objectives and strategies listed below, identify (by placing an X in the preceding box) 
which of the following strategies best represents the overall objective and approach of your research project. 
 
Objectives and Strategies 
Objective:  To support more effective policies, regulations, and guidelines  

 Support policy, regulatory and guideline development, evaluation and adjustment 
X Enhance quality of decision making through improved knowledge base 
X Empowered decision makers to employ practical adaptive management approaches 
X Support greater certainty in planning and decision making for all forest resources values  

Objective:  To enhance the value of timber and forest land assets  
X More effective and efficient use of forest resources 
X Reducing costs of timber production 
X Reducing forest health risks through improved management practices  
 Enhancing timber quality and resulting products 
 Increasing available volume and value through productivity enhancements, increased utilisation and better realisation of inherent site 

potential 
 Increasing available timber volume through management of access constraints 

Objective: To improve stewardship and market acceptability of BC forest practices and forest products 
X Promoting new or adapted forest practices which give  BC an edge in the world forest product marketplace 
X Improving sustainable forestry practices in terms of planning, management, monitoring, analysis, reporting and adjustment 
X Enabling and accelerating certification practices 

 
 
 


