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The current focus on managing structurally complex stands places emphasis on spatial data and 
detailed information on processes that determine individual tree performance. Terrestrial LIDAR 
systems can provide such information. LIDAR systems have been used in forestry since the 1980s for 
various forestry measurements. Based on the laser pulse emission and reception, the LIDAR 
technology allows for assessing different horizontal and vertical distributions of vegetation. The 
elapsed time between the emission and return reception serves for the estimation of the distance to a 
target. While the scanning distance may reach 1000 m, such distances are used for terrestrial LiDAR 
in forestry applications. This note reviews some available literature on the uses of terrestrial LIDAR 
and reports on a LIDAR project aimed at quantifying crown structural attributes based on site type. 

Before recently, aerial LIDAR measurements from airplanes or helicopters have been more widely 
used in forest management and better described than terrestrial LIDAR systems. The latter has gained 
the attention of scientists and foresters for the variety of uses (Table 1) due to its ability to collect 
individual tree or stand information that is difficult and costly to obtain through traditional data 
collection, e.g., such stand attributes as woody structure and canopy metrics (Keightley and Bawden 
2010), or forest fuel attributes (Loudermilk et al. 2009). The recent names for terrestrial LIDAR 
systems include terrestrial laser scanning (TLS) or tripod LIDAR. Figure 1 shows one of the TLS 
systems. 

Figure 1. The laser scanner Riegl LMS-
Z360i  with  camera  in  vertical  position 
(left)  and  tilted  position  (right).  For  this 
scanner  tilting  up  to  90  degrees  is 
possible. 
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Table 1. Stand and tree attributes studied with the use of TLS
Parameters Examples of TLS Studies

Leaf area index (LAI) (Antonarakis et al., 2010) (Moskal et al., 2009) (Strahler et al., 2008) (Jupp et 
al., 2008) (Jensen et al., 2008) (Hosoi and Omasa 2006) (Huang and Pretzsch 
2010) 

Stem diameter (Lovell et al., 2011) (Moskal et al., 2009)  (Hopkinson et al., 2004) (Strahler et 
al., 2008) (Huang et al., 2010) (Henning & Radtke, 2006) (Watt & Donoghue, 
2005) 

Leaf area density (Hosoi & Omasa, 2006)

Tree height (Chasmer et al., 2006), (Hopkinson et al., 2004) (Huang et al., 2010) (Strahler 
et al., 2008) (Watt & Donoghue, 2005) 

Stand foliage profile (LAI with 
height of crown)

(Strahler et al., 2008) (Jupp et al., 2008)

Stem position (Hopkinson et al., 2004), (Huang et al., 2010) (Henning & Radtke, 2006)

Gap fraction (Danson et al., 2007) (Henning & Radtke, 2006)

Plant area index (PAI) (Henning & Radtke, 2006) (Kwak et al., 2010) 

Trunk volume (Palleja et al., 2010) (Thies et al., 2004) 

Total amount of foliage (Côté et al., 2011) (Palacin et al., 2007)

Stem and branching structure (Côté et al., 2011) (Cheng et al., 2007) (Pfeifer et al., 2004)

Forest fuel parameters (Loudermilk et al., 2009, 2007) (Erdody & Moskal, 2010)

Canopy volume (Moskal et al., 2009)

Timber volume (Hopkinson et al., 2004)

Tree density (Strahler et al., 2008)

Tree species (Puttonen et al., 2010) 

Successional stages (Falkowski et al., 2009)

The current project utilized TLS to analyze 3D crown structures in complex stands as well as the 
impact of competition for moisture and nutrients on crown structure and crown efficiency. The study 
objectives included the investigation of 
a) species-specific crown development patterns based on resource availability; 
b) variation in crown development and crown efficiency and differentiation in stand development along 
a resource gradient; and
c) the relation between crown size and tree growth. 
A methodological objective encompassed a comparison of two TLS scanners (Riegl LMS-Z360i and a 
Leica Scanstation) and associated algorithms for their use in forest measurements. 

The study used TLS field measurement of permanent plots established by the Bulkley Valley Research 
Centre in Smithers, BC, with associated soil data and hemispheric (fisheye) and aerial photographs. 
These plots in mixed species stands (the dominant tree species are lodgepole pine, interior spruce, 
subalpine fir and trembling aspen) were selected with a variety of ages and a range of dry and poor to 
wet and rich sites. The data from 23 plots covered 9 different combinations of moisture/nutrients and 
density characteristics were collected (Figure 2). 
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Figure 2. Sampling design on a gradient of site quality and stand density (Seifert et al. Forthcoming). 
* the total of 5 scans were used on a plot for the dry/poor site with low stand density: the Riegl scanner 
was used in both first return and last return mode. 

Two of the plots were measured by both TLS systems (Leica and Riegl) for comparison of the different 
models. Every tree on each plot was physically measured and increment cored. Hemispheric (fisheye) 
and aerial photos were collated and added to the master data set, and the soil data had been 
previously collected. The variables included the information obtained from the TLS (e.g., crown 
compact index) and traditionally sampled data (e.g, DBH, species, density). The crown structure and 
crown efficiency were estimated through a variety of parameters. The full list of variables and the fitted 
models are described in Seifert et al. (Forthcoming). 

The study results implied that the trees on sites with good supply of below-ground resources show 
more competition for light. The competition for light was less pronounced on dry and poor sites. The 
greater competition for light also translates into less compact crowns. Several models were fitted to 
estimate the mean DBH increment. The use of the TLS data improved the overall fit of the models 
over the ones with variables that were collected by traditional methods. 

Further project steps focused on the automation of extracting growth and structure parameters from 
LIDAR scans. A case study from Bavaria, Germany that analyzed mixed stands of Norway spruce and 
Scots  pine,  augmented  the  Smithers  sample  and  were  also  used  for  validation  purposes. Such 
parameters as tree position, diameter in different tree heights, stem shape, stem volume, and crown 
shape were successfully derived automatically from through the use of the TLS. A few issues that 
require further scientific input (e.g., automated tree species recognition from the scans) before the 
methodology can be use on the operational scale are discussed in Klemmt et al. Forthcoming. 

The detailed comparison of two TLS systems were carried out through  estimates of tree diameter, 
position,  PAI  and  canopy characteristics.  The comparison  identified  possible  variation  in  scanner 
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attributes (Table 2), but both Riegl and Leica systems were considered capable of providing a detailed 
model of forest structure. 

Table 2. The comparison of specifications and attributes of the two TLS systems. 
Riegl LMS-Z360i Leica Scanstation

Key scanner specifications
Scanner type Time of flight Time of flight 

Return Last return/First return  First return

Laser Class 1 3R

Colour (Wavelength) 1550 nm 532 nm

Resolution (in this study) 0.12 degrees 0.20 degrees

Beam divergence 2 mrad 0.2 mrad

Beam footprint at 10 m 20mm  6mm

Comparison results
Visual differences (Figure 3) Thicker “padded” features; better 

performance for tops of high trees;
differences between first return and 
last return modes

Greater level of detail; lower angular 
resolution 

Scanner penetration Greater median horizontal distance 
(last return mode); similar to Leica 
in first return mode

Shorter median horizontal distance

Gap fraction Higher for smaller angles from 
horizontal plane, lower for larger 
angles

Lower for smaller angles from 
horizontal plane; higher for greater 
angles

PAI Lower estimates Higher estimates
Source: Ducey et al. Forthcoming. 
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While a lot of scientific questions need to be answered before introducing the TLS for practical forest 
mensuration purposes, the project participants share the optimism about the use of the terrestrial 
LIDAR systems in forest management, as the TLS can offer valuable insights for managing complex 
stands. 

Forthcoming project publications:

Ducey, M., Astrup, R., Pretzsch H.C., Seifert S., Larson B.C., and K.D. Coates. Forthcoming. 
Comparison of forest inventory and canopy attributes derived from two terrestrial LIDAR systems. 25 
p. 

Seifert, S., Pretzsch H.C., Coates, K.D., Ducey, M., Astrup, R., and B.C.Larson. et al. Forthcoming. 
Analysing the effect of crown plasticity on space occupation. competition and growth in a boreal forest. 
25 p.

Klemmt, H.J., Seifert, S., Acevedo, R., Pretzsch H., Astrup, R., Ducey, M., Coates, D., and B. Larson. 
Forthcoming. Automatic extraction of forest growth and structure parameters from terrestrial LIDAR 
data – results from case studies in Germany and Canada
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Figure 3. Visual differences between Leica and Riegl scanners (Ducey et al. Forthcoming)



References:
Antonarakis, A. S., Richards, K. S., Brasington, J., & Muller, E. (2010). Determining leaf area index and leafy tree 

roughness using terrestrial laser scanning. Water Resour. Res., 46(6), W06510.
Chasmer, L., Hopkinson, C., & Treitz, Paul. (2006). Investigating laser pulse penetration through a conifer 

canopy by integrating airborne and terrestrial lidar. Canadian Journal of Remote Sensing, 32(2), 116-
125.

Cheng, Z.-L., Zhang, X.-P., & Chen, B.-Q. (2007). Simple Reconstruction of Tree Branches from a Single Range 
Image. Journal of Computer Science and Technology, 22(6), 846-858. doi:10.1007/s11390-007-9095-6

Côté, J.-F., Fournier, R. A., & Egli, R. (2011). An architectural model of trees to estimate forest structural 
attributes using terrestrial LiDAR. Environmental Modelling & Software, 26(6), 761-777. 
doi:10.1016/j.envsoft.2010.12.008

Danson, F. M., Hetherington, D., Morsdorf, F., Koetz, B., & Allgower, B. (2007). Forest Canopy Gap Fraction 
From Terrestrial Laser Scanning. IEEE Geoscience and Remote Sensing Letters, 4(1), 157-160. 
doi:10.1109/LGRS.2006.887064

Erdody, T. L., & Moskal, L. M. (2010). Fusion of LiDAR and imagery for estimating forest canopy fuels. Remote 
Sensing of Environment, 114(4), 725-737. doi:10.1016/j.rse.2009.11.002

Falkowski, M. J., Evans, J. S., Martinuzzi, S., Gessler, P. E., & Hudak, A. T. (2009). Characterizing forest 
succession with lidar data: An evaluation for the Inland Northwest, USA. Remote Sensing of  
Environment, 113(5), 946-956. doi:10.1016/j.rse.2009.01.003

Henning, J., & Radtke, P. (2006). Ground-based Laser Imaging for Assessing Three-dimensional Forest Canopy 
Structure. Photogrammetric Engineering & Remote Sensing, 72(12), 1349–1358.

Hopkinson, C., Chasmer, L., Young-Pow, C., & Treitz, P. (2004). Assessing forest metrics with a ground-based 
scanning lidar. Canadian Journal of Forest Research, 34, 573-583.

Hosoi, F., & Omasa, K. (2006). Voxel-Based 3-D Modeling of Individual Trees for Estimating Leaf Area Density 
Using High-Resolution Portable Scanning Lidar. IEEE Transactions on Geoscience and Remote  
Sensing, 44(12), 3610-3618. doi:10.1109/TGRS.2006.881743

Huang, H., Gong, P., Cheng, X., Clinton, N., Cao, C., Ni, W., Li, Z., et al. (2010). Forest structural parameter 
extraction using terrestrial LiDAR. Retrieved from 
ftp://astro.rit.edu/people/vanaardt/Silvilaser/PAPERS/Others/Huang_11.pdf

Huang, P., and H. Pretzsch. 2010. “Using terrestrial laser scanner for estimating leaf areas of individual trees in a 
conifer forest.” Trees 24 (4) (March): 609-619. doi:10.1007/s00468-010-0431-z.

Jensen, J. L. R., Humes, K. S., Vierling, L. A., & Hudak, A. T. (2008). Discrete return lidar-based prediction of leaf 
area index in two conifer forests. Remote Sensing of Environment, 112(10), 3947-3957. 
doi:10.1016/j.rse.2008.07.001

Jupp, D.L.B., Culvenor, D. S., Lovell, J. L., Newnham, G. J., Strahler, A.H., & Woodcock, C.E. (2008). Estimating 
forest LAI profiles and structural parameters using a ground-based laser called  ’Echidna(R). Tree 
Physiology, 29(2), 171-181. doi:10.1093/treephys/tpn022

Kwak, D.-A., Lee, W.-K., Kafatos, M., Son, Y., Cho, H.-K., & Lee, S.-H. (2010). Estimation of effective plant area 
index for South Korean forests using LiDAR system. Science China Life Sciences, 53(7), 898-908. 
doi:10.1007/s11427-010-4019-z

Loudermilk, E. L., Hiers, J. K., O’Brien, J. J., Mitchell, R. J., Singhania, A., Fernandez, J. C., Cropper, Jr., W. P., 
et al. (2009). Ground-based LIDAR: a novel approach to quantify fine-scale fuelbed characteristics. 
International Journal of Wildland Fire, 18, 676–685.

Loudermilk, E. L., Singhania, A., Fernandez, J. C., Hiers, J. K., O’Brien, J. J., Cropper, Jr., W. P., Slatton, K. C., 
et al. (2007). Application of Ground-Based LIDAR for Fine-Scale Forest Fuel Modeling (USDA Forest 
Service Proceedings No. RMRS-P-46CD) (pp. 515-523). Washington, D.C.: US Department of 
Agriculture, Forest Service. Retrieved from 
http://www.fs.fed.us/rm/pubs/rmrs_p046/rmrs_p046_515_523.pdf

Lovell, J. L., Jupp, D.L.B., Newnham, G. J., & Culvenor, D. S. (2011). Measuring tree stem diameters using 
intensity profiles from ground-based scanning lidar from a fixed viewpoint. ISPRS Journal of  
Photogrammetry and Remote Sensing, 66(1), 46-55. doi:10.1016/j.isprsjprs.2010.08.006

Moskal, L. M., Erdody, T. L., Kato, A., Richardson, J., Zheng, G., & Briggs, D. (2009). Lidar Applications in 
Precision Forestry. Retrieved from depts.washington.edu/rsgal/pubs/Moskaletal_Silvilaser2009.pdf

Palacin, Jordi, Palleja, Tomas, Tresanchez, Marcel, Sanz, Ricardo, Llorens, J., Ribes-Dasi, M., Masip, J., et al. 
(2007). Real-Time Tree-Foliage Surface Estimation Using a Ground Laser Scanner. IEEE Transactions 
on Instrumentation and Measurement, 56(4), 1377-1383. doi:10.1109/TIM.2007.900126

April 2011 Page 6



Palleja, T., Tresanchez, M., Teixido, M., Sanz, R., Rosell, J.R., & Palacin, J. (2010). Sensitivity of tree volume 
measurement to trajectory errors from a terrestrial LIDAR scanner. Agricultural and Forest Meteorology, 
150(11), 1420-1427. doi:10.1016/j.agrformet.2010.07.005

Pfeifer, N., Gorte, B., & Winterhalder, D. (2004). Automatic reconstruction of single trees from terrestrial laser 
scanner data (pp. 114-119). Presented at the ISRPS XXth Congress, Istanbul, Turkey.

Puttonen, E., Suomalainen, J., Hakala, T., Räikkönen, E., Kaartinen, H., Kaasalainen, S., & Litkey, P. (2010). 
Tree species classification from fused active hyperspectral reflectance and LIDAR measurements. 
Forest Ecology and Management, 260(10), 1843-1852. doi:10.1016/j.foreco.2010.08.031

Strahler, Alan H, Jupp, David L. B, Woodcock, Curtis E, Schaaf, C. B., Yao, T., Zhao, F., Yang, X., et al. (2008). 
Retrieval of forest structural parameters using a ground-based lidar instrument (Echidna®). Canadian 
Journal of Remote Sensing, 34(S2), S426-S440.

Thies, M., Pfeifer, N., Winterhalder, D., & Gorte, B. G. H. (2004). Three-dimensional reconstruction of stems for 
assessment of taper, sweep and lean based on laser scanning of standing trees. Scandinavian Journal  
of Forest Research, 19(6), 571. doi:10.1080/02827580410019562

Watt, P. J., & Donoghue, D. N. M. (2005). Measuring forest structure with terrestrial laser scanning. International  
Journal of Remote Sensing, 26, 1437-1446. doi:10.1080/01431160512331337961

April 2011 Page 7


