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LiDAR Technology

LiDAR (Light Detection And Ranging) 
systems have been used in forestry since 
the 1980s for measuring various forest 
attributes. Based on laser pulse emission 
and reception, LiDAR technology allows for 
assessing different horizontal and vertical 
distributions of vegetation. The elapsed time 
between the emission and the return 
reception is used to estimate the distance to 
a target. The sensor places the target points 
in three-dimensional (3D) space. With 
pulse rates of several kHz per second, the 
scanning distance of a LiDAR scanner 
reaches up to 1000 m under optimal 
atmospheric conditions, although this 
maximum is hardly necessary if a terrestrial 
LiDAR system is used for forestry 
applications. 
The two main types of LiDAR are terrestrial 
(sometimes also called ground-based; or 
TLS – terrestrial laser scanning) and aerial, 
the latter being a remote sensing tool. 

The accuracy of the collected information is 
high; the resolution of target points for aerial 
systems is up to 50 centimeters, for 
terrestrial systems it is under a centimeter 
(0.3-0.9 centimeter). Data collection with 
LiDAR is much faster and less labor 
intensive; e.g., Loudermilk et al. (2009) 
reported 20 minutes of data collection per 
plot with the use of terrestrial LiDAR 
compared to 2 hours with traditional 
sampling. 

Terrestrial vs. aerial LiDAR

The main difference between terrestrial and 
aerial LiDAR in forestry applications is the 
amount of detail and levels of stand 
structure. Airborne LiDAR systems are used 
for large-scale surveying of tree height, stem 
diameter, canopy closure, canopy structure 
and density and gap expansions. They are 
used for resource monitoring, such as 
vegetation or wildlife habitat mapping, or for 
forest engineering. Aerial LiDAR technology 
and its forestry applications in British 
Columbia were well-described by Bater et al. 
(2008). 

Terrestrial systems are typically used for 
detailed tree-level or plot-level analysis 
(Figure 1). Their position under the canopy 
reduces the error that arises from the 
shadowing effect of the overstory trees, 
although a slight underestimation of tree 
heights has been reported. Moreover, the 
ability of terrestrial LiDAR to assess and 
analyze detailed information closely follows 
the current focus on managing structurally 
complex stands. To facilitate complex stand 
management, terrestrial LiDAR systems can 
provide additional information on the key 
structures to infer processes that determine 
individual tree performance. 

Terrestrial LiDAR systems can be stationary 
(mounted on a tripod) or portable (mounted 
on a vehicle that is moving through a forest). 
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Figure 1. The laser scanner Riegl Z360i 
with camera in vertical position (left). Due 
to the special mounting of the scanner it 
is  also  possible  to  gather  distances  of 
targets above the scan position by tilting 
the scanner up to 90 degrees (right). The 
laser  is  sent  and  received  through  the 
two windows in the front  of  the rotating 
scanner  head.  The  camera  moves with 
the  scanner  head  to  collect  true  colour 
information.

The use of a particular type of LiDAR is 
determined by its availability and stand or 
tree characteristics under the study. When 
used on a vehicle, GPS-IMU systems need 
to be added for calibration and quality 
control, which is similar to aerial LiDAR 
navigation tracking (Harrap and Lato, N.d.). 
The tripod-mounted systems are often also 
augmented by GSP control of the location. 
The GSP data can be acquired with the built-
in GPS unit on the LiDAR and/or from one or 
several locations within the plot area with a 
portable GPS unit. 

Uses of terrestrial LiDAR in forestry 
The literature covering aerial LiDAR 
applications in remote sensing is more 
abundant than the studies on the use of the 
ground-based systems. The application of 
terrestrial LiDAR has only recently drawn 
attention of forest researchers and 
managers, but studies have shown promise 
for forest management. 

Forestry studies using terrestrial LiDAR have 
investigated stem diameters, stem structure 
and branch structure, stand height, leaf area 
index (LAI) and stand foliage profile (LAI with 
height). The system has been successfully 

applied for stem mapping and basal area 
estimation, but has shown some error in 
estimating total and merchantable volume 
due to over- or underestimation of the point 
cloud at the crown tops (Hopkinson et al. 
2004). The scanners have performed both 
effectively and efficiently in assessing forest 
fuel accumulation (Loudermilk et al. 2009). 
An accurate model that assesses vertical 
foliage and wood area profiles has been 
tested for the stands on Vancouver Island 
(British Columbia) and in France (Cote et 
al. 2009). Measures of crown competition 
and crown efficiency have also been 
developed (Ducey et al. Forthcoming). 

Use of LiDAR requires no more than light 
winds, as windy conditions may result in 
“noisy” scans due to movement of tree 
components (Cote et al. 2009). Although 
LiDAR systems perform better in stands 
with a more open canopy, the measurement 
error tends to be small even in stands 
where canopies are more closed (Chasmer 
et al. 2006). To minimize the noise in the 
data associated with unpredictable branch 
orientation and branch shedding in complex 
stands, several scans within one plot are 
necessary. 
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Figure 2. The results from terrestrial LiDAR scanning. Crown before and after thinning (left; before thinning 
2005 black points, after thinning 2006 grey points). The point cloud can be read into a 3D voxel matrix which 
can be applied as basis of analysis of e. g. crown volumen, crown shape, crown surface area, crown 
intersections (Ducey et al. Forthcoming).
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