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FIA-FSP Project Number: Y081171 

Project Title: Equivalent clear cut area thresholds in large-scale disturbed forests 

Project Purpose:  The purpose of this project is to develop key indicators that capture the major 

canopy and topographic attributes responsible for snow interception and melt 

variation. This will allow equivalent clear-cut area (ECA) calculations to be 

made for forest disturbance areas such as the pine beetle affected.  

Management Implications: This project will produce specific guidelines for equivalent clear-cut area 

(ECA) calculations that can be applied to variety of stands affected by large-

scale canopy disturbances such as fire, insect infestation and harvesting 

practices. This will benefit government and industry ecologists, foresters, and 

hydrologists by delivering quantitative information on the complex changes 

occurring in forests brought about by climate change and forest disturbances. 

Project Start Date: 1
st
 April 07 

Length of Project:  2 years 

Former Project Numbers:  N/A 

Methodology Overview: Model parameterization is a major issue and is generally not feasible over 

large geographic areas using field data alone. In this study, changes in snow 

accumulation and melt are linked with forest structure by combining field-

based measurements of snow characteristics with forest structural attributes 

derived from remote sensing data. The study focuses on a 200 km long 

transect between Quesnel and the Vanderhoof area in northern BC and covers 

a range of healthy and disturbed forest stands. 

Project Scope:  This project will develop more specific guidelines for ECA calculations that 

can be applied to a wide variety of stands affected by large-scale canopy 

disturbances such as fire, insect infestation – including MPB, and harvesting 

practices. The results will directly inform registered professionals who need 

to describe clear objectives, results, or strategies in their Forest Stewardship 

Plans for areas subject to large scale beetle infestation and salvage. Project 

results will provide urgently required information to predict large scale 

disturbance impacts on hydrological processes and fluxes, as a specific aim of 

the project is to directly measure physical properties of the vegetation cover, 

and relate these data to precipitation and radiation interception changes which 

have a major influence on differences in snow accumulation and melt.  

Regional Applicability: The current guidelines will be enhanced by calculating ECA in areas with 

large-scale disturbance. The newly developed models will be applicable for 

Mountain Pine beetle infested areas across large areas of BC. 

Interim Report/Conclusions: A series of field plots stratified by canopy condition have been established to 

measure changes in snow accumulation and melt at Quesnel. In addition, a set 

of techniques to extract LiDAR metrics have been developed to characterise 

forest structure. The LiDAR data and aerial imagery has been collected, pre-

processed and delivered.  
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Abstract 

 

Forest canopy changes, which can impact terrain stability, water quality and quantity, are 

often caused by large-scale disturbances. Along a 200km transect through central BC we 

will relate LiDAR and high resolution aerial photography data to ground observations of 

snow accumulation and melt and develop key indicators that capture the major canopy 

and topographic attributes responsible for interception and snow melt variation and 

develop guidelines for calculating ECA in large-scale disturbed areas. 
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1. Introduction 

Many hydrologic processes are affected by changes in forest structure such as 

precipitation interception and ground shading. Interception describes the process of 

temporal storage of precipitation in the tree canopy, from where it either 

evaporates/sublimates or falls to the ground. Since interception is an important 

component of the water balance, deteriorating stand structure and timber harvesting are 

expected to increase annual and storm runoff. In watersheds with strong snowmelt 

regimes, the seasonal effects of large scale canopy disturbance are enhanced by the 

influence of canopies on wind- and radiation-related ablation losses. The loss of canopy 

cover and changes in structure also alter the energy balance during snow accumulation 

and melt, thus affecting the snow melt runoff regime. Initial results from research in this 

area indicates that while changes in stand structure are a major determinant of ground 

snow accumulation and melt rates in healthy and disturbed stands, these complex canopy 

responses have yet to be adequately quantified. 

 

The concept of equivalent clear-cut area (ECA) is frequently used as a measure of 

cumulative disturbance in a watershed. However, the ECA method has not yet been 

adapted for areas affected by large-scale canopy disturbance. Several stand level studies 

are underway (see project linkages) that compare stands with different canopy structure; 

however, none of these studies provides enough information to determine new guidelines 

for ECA calculation over larger areas. Preliminary results suggest that the percentage of 

disturbed trees, dead tree clustering, terrain attributes, tree size and density are the 

greatest factors in altering interception and snow melt, and hence the calculation of ECA 

in regions with large-scale forest disturbance. 

 

An alternative approach to individual tree- or stand-based modeling is one that utilizes 

remote sensing technology to predict the structural attributes of healthy and disturbed 

stands, and combines this data with field measurements of snow accumulation and melt. 

Continuous stand-level measurements are currently collected in the geographical region 

of interest.   

 

The application of airborne LiDAR data offers the potential to significantly enhance the 

timeliness, scope, and rigor of forest measurement information. LiDAR technology offers 

an innovative method to assess forest structure by measuring the height of the canopy, 

underlying terrain morphology, distribution of foliage, tree clumping and other metrics of 

crown architecture (Lim et al., 2003). Conceptually, the interaction of the laser pulse with 

the forest canopy is similar to the transmission of precipitation or a sun beam through the 

canopy, thus linking LiDAR with interception and snow melt is a logical step. In 

addition, we will use very high spatial resolution digital aerial photography under cloud 

to provide non-shadowed imagery in which crowns, logs, gaps between crowns, and 

crown density can be discerned. This imagery is currently being used by Teti as part of 

his ongoing interception studies in the interior of BC. 

 

 



 

2. Study focus 

Our proposed approach utilizes remote sensing technology to predict the structural 

attributes of healthy and disturbed stands, and combines this data with field 

measurements of snow accumulation and melt. The remotely derived parameter(s) that 

statistically explain differences in snow accumulation and melt will then be related to 

data from forest cover maps to derive new guidelines for ECA calculation in large-scale 

disturbed areas.  

 

This report outlines the progress made for the 2007/2008 year and highlights what 

activities have been undertaken and completed this fiscal year. 

3. Methods  

3.1. Study area 

This study focus on a 200 km long transect between Quesnel (52°50’N, 122°30’W) and 

the Vanderhoof area (53°40’N, 124°40’W). The transect connects already existing 

research sites in the Baker Creek watershed (P. Teti and Y Alila) with sites in the 

Vanderhoof area (P. Teti and S. Boon) along a 400 m wide transect. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 LiDAR transect and existing research plots. 
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3.2. Field sampling 

Currently there have been three field trips including the mounting of 14 sensors, 

installation of additional plots and snow surveys.  By the end of April there will be data 

available to complete a first set of variables relating canopy structure with snow 

accumulation and melting.  Each plot of Table 1 will have snow data and forest inventory 

data, including Leaf Area Index.  The LiDAR data has been already taken in February 

2008 and is currently being analysed for the whole transect. 

 

 

 

 

 
 

Figure 8.  Main environments subject to research: clearcuts (top, left), young 

regeneration (top, right), red stands (bottom, left) and gray stands (bottom, right). 

 

3.3. Remote sensing data characteristics 

 

LiDAR data and digital imagery was acquired in March 2008 by Terra Remote Sensing 

(Sidney, British Columbia, Canada) using the TRSI Mark II discrete return sensor 

attached to a helicopter platform. The LiDAR sensor was configured with a pulse 

repetition frequency of 50 kHz, platform altitude of 800 m, maximum off-nadir scan 

angle of 15 degrees, wavelength of 1064 nm, and a fixed beam divergence angle of 0.5 

mrad. The resulting average point spacing equals per m
2
. Aerial imagery was also 

acquired during the LiDAR survey. This dataset includes 3 band true colour imagery 

(blue, green, and red bands) with a nominal horizontal resolution of 15 cm.  

 



3.4. Data pre-processing 

 

LiDAR returns classified as ground hits were used to develop a digital elevation model 

(DEM) using a 1 m pixel size and the natural neighbour algorithm (Abramov and 

McEwen, 2004; Sambridge et al., 1995; Sibson, 1981). This DEM was then subtracted 

from the discrete return data transforming elevation information into height estimates 

above ground surface.  The raw LiDAR data was then used to compute a set of metrics 

that are sensitive to forest structure. This included: maximum height, crown area, canopy 

cover as well as canopy height profiles (Table 1). Figure 2 shows the change in maximum 

height and canopy cover surface at Fraser valley site. 

 

Table 1: LiDAR metrics. 

 

Attribute  Definition 

  

Canopy cover (%) Fraction of first returns interacting with the canopy 

divided by the total number of first returns. 

 

Crown area (%) Percentage of the horizontal fitted surface area 

considered as part of the canopy (i.e. 2 m above 

ground surface). 

 

Canopy Height Profiles (CHP) Vertical profile describing the fraction of plant area 

per unit area (refer …) 

 

 
 

Figure 2 LiDAR derived surfaces at the Fraser Valley site. Note: the maximum height 

surfaces was computed with a pixel size of 1 m and canopy cover a pixel size of 5 

m.  



4. Preliminary results: transect comparison 

 

To explore changes in canopy structure due to mountain pine beetle attack, prior to 

delivery of the complete remote sensing data and collection of field data, a 360 m long by 

5 m wide transect was examined at the Fraser Valley site. Using a series of 30 x 5 m 

areas, canopy cover was then estimated with LiDAR data and compared to a visual 

assessment of the percentage of infested trees (red and grey attack). This used the aerial 

imagery at the corresponding sample locations.    

 

Results indicate a negative relationship between the percentage of attacked trees and 

LiDAR estimated cover (r
2
 = 0.47), as anticipated. This is shown in Figure 3 where 

higher percentages of infested trees is associated with lower estimates of canopy cover.  
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Figure 3 Change in LiDAR estimated cover and the percentage of attacked trees along 

the sampled transect.  

 

 



 

4. Deliverables 

 

First year Deliverables 

 

Status 

Develop a new model derived from remote sensing observations 

that can be extrapolated over the landscape and provides a 

predictive framework to understand interception and snow melt in 

disturbed stands. 

 

Underway 

Develop a new suite of interception measurements and model 

parameterizations within disturbed and undisturbed canopies for a 

range of species, ages and silvicultural practices. These data can be 

used to predict the hydrologic recovery of forest stands after forest 

disturbance. 

 

Underway 

 

 

First year objectives: 

 

Status 

Acquire LiDAR and aerial photography along a 200 km transect 

(400 m wide) from Quesnel (Baker Creek watershed) to 

Vanderhoof area (south of Fraser Lake). 

 

Completed 

At existing key research plots along the transect, extract fine scale 

canopy architecture and stand structural information from the 

LiDAR observations. 

 

Underway 

Statistically model differences in snow accumulation and melt 

using ground based measurements and snow-related canopy 

characteristics from LiDAR and aerial photography. 

 

Underway 

Use the full transect, in combination with existing forest inventory 

data, to define a two stage sampling approach to extend ground 

truth measurements of snow interception over the full range of 

structural types and disturbance levels. 

 

Underway 
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