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The introduction of Airborne Laser Scanning (ALS) to forests has been revolutionary during the last
decade. This development was facilitated by combining earlier ranging lidar discoveries [1–5], with
experience obtained from full-waveform ranging radar [6,7] to new airborne laser scanning systems
which had components such as a GNSS receiver (Global Navigation Satellite System), IMU (Inertial
Measurement Unit) and a scanning mechanism. Since the first commercial ALS in 1994, new ALS-based
forest inventory approaches have been reported feasible for operational activities [8–12]. ALS is
currently operationally applied for stand level forest inventories, for example, in Nordic countries. In
Finland alone, the adoption of ALS for forest data collection has led to an annual savings of around
20 M€/year, and the work is mainly done by companies instead of governmental organizations. In spite
of the long implementation times and there being a limited tradition of making changes in the forest
sector, laser scanning was commercially and operationally applied after about only one decade of
research. When analyzing high-ranked journal papers from ISI Web of Science, the topic of laser
scanning of forests has been the driving force for the whole laser scanning research society over the last
decade. Thus, the topic “laser scanning in forests” has provided a significant industrial, societal and
scientific impact.
The number and variety of remote sensing methods and applications of all kinds of lasers and ranging
measurements for forests continues to increase. The need for increased research having high potential for
societal impact has led to this special issue, which invites authors to cover new methods in information
extraction, new developments in individual-tree-based or area-based inventories, developments in the use
of laser waveform for forest measurements, and new applications and concepts for using laser scanning
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for forests. Additionally, coverage of topics such as techniques for the fusion of ALS and TLS data and
accuracy and performance evaluations were requested.
Concerning area-based and individual-tree-based inventories several improvements were proposed.
In [13], an improvement for individual tree detection was reported applicable for both area-based and
individual-tree-based inventory. When trees overlap, the surface model between the trees
corresponding to the first pulse stays high, whereas the corresponding model from the last pulse results
in a drop in elevation; its better penetration between the trees and this drop in elevation can therefore
be used for separating trees. In [14], the accuracy of the results achieved from regression models based
on 0.5 m raster cells was approximately 2–5% lower than that achieved from the 3D point cloud,
which points to the use of smaller raster cells in practical forest inventories for computational reasons.
Paper [15] summarizes the findings of the ISPRS/EuroSDR Tree Extraction project after further
analyzing the results obtained in different tree height classes. Several methods were reported to be
superior to manual detection of the dominant, co-dominant and suppressed trees. In addition, new and
point cloud-based clustering methods were recommended for suppressed tree detection. In paper [16]
the decay rate obtained from waveforms showed the best correlation with average Leaf Area Density.
In Vaughn et al. [17] discrete point data alone provided 79.2% overall accuracy for tree species
discrimination (five species) whereas waveform information improved the overall accuracy to 85.4%
for the five species. Shrestha and Wynne [18] reported that biophysical parameters, such as tree height,
diameter breast height, crown diameter, and biomass, can be extracted for individual trees in an urban
area based on point-based lidar distributional metrics.
Practical forest inventories further require delineation of stands, accurate elevations models, and
cost-efficient ALS data; these topics were also covered in the special issue. The delineation of forested
areas is a critical task, because the resulting maps are a fundamental input for a broad field of
applications and users. In Eysn et al. [19] a new approach for the automatic delineation of forested areas
is reported based on defining crown coverage as a relation between the sum of the crown areas of three
neighboring trees and the area of their convex hull. The study by Treitz et al. [20] provided further
evidence that low-density LiDAR-based predictions offer significant potential for integration into tactical
forest resource inventories. Fricker et al. [21] developed a methodology to quantitatively correct
sub-canopy elevation derived from large-footprint lidar data in dense tropical forests using small
footprint discrete-return lidar measurements. Consequently, the correction reduced the average digital
elevation model error and variance significantly, particularly over sloped terrain.
Close-range measurements might be used in sample based inventories, in reference data collection
and in the studies leading to new concepts in airborne data collection. Wallace et al. [22] reported using
a laboratory prototype of a multispectral lidar to measure NDVI relating to canopy biomass.
Seielstad et al. [23] reported that TLS utilizing intensity data is capable of distinguishing fine fuels
from branches with high accuracy. By using an intensity threshold to classify fine fuels and branchwood,
it was also anticipated that fuel mass by size class could be predicted from laser density data.
In the future, space-borne lidar will contribute to accurate and efficient global biomass estimates.
There is also a need to study synergy of SAR and lidar. Ballhorn et al. [24] demonstrated that
ICESat/GLAS data can be used to measure peat topography and to collect large numbers of forest
biomass samples in remote and highly inaccessible peatland forests based on an experiment in Central
Kalimantan, Indonesia. Hilbert and Schmullius [25] demonstrated the potential of estimating terrain
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elevation and tree height using ICESat/GLAS waveforms in the Thuringian Forest. Peduzzi et al. [26]
showed that lidar and SAR data showed an important synergistic gain in the explanation of LAI
variability.
We would like to thank the authors of the special issue for their contributions to our SilviLaser
(“Laser Scanning in Forests”) society and additionally thank the reviewers and the Remote Sensing
Editorial Office for conducting a high-quality review process for all of the published papers. We hope
that this special issue will further stimulate the scientific, societal and industrial impact on our society.
References
1.
2.
3.
4.
5.
6.

7.
8.
9.
10.
11.
12.

13.

14.

Solodukhin, V.I.; Zukov, A.J.; Mazugin, I.N. Laser aerial profiling of a forest. Lew. NIILKh.
Leningrad (in Russian). Lesnoe Khozyaistvo 1977, 10, 53–58.
Nelson, R.; Krabill, W.; Maclean, G. Determining forest canopy characteristics using airborne
laser data. Remote Sens. Environ. 1984, 15, 201–212.
Schreier, H.; Lougheed, J.; Tucker, C.; Leckie, D. Automated measurements of terrain reflection
and height variations using airborne infrared laser system. Int. J. Remote Sens. 1985, 6, 101–113.
Nelson, R.; Krabill, W.; Tonelli, J. Estimating forest biomass and volume using airborne laser
data. Remote Sens. Environ. 1988, 24, 247–267.
Bernard, R.; Vidal-Madjar, D.; Baudin, F.; Laurent, G. Nadir looking airborne radar and possible
applications to forestry. IEEE Trans. Geosci. Remote Sens. 1987, 21, 297–309.
Hyyppä, J. Development and Feasibility of Airborne Ranging Radar for Forest Assessment. Ph.D.
Thesis, Laboratory of Space Technology, Helsinki University of Technology, Helsinki, Finland,
1993; p. 112.
Næsset, E. Determination of mean tree height of forest stands using airborne laser scanner data.
ISPRS J. Photogramm. 1997, 52, 49–56.
Hyyppä, J.; Inkinen, M. Detecting and estimating attributes for single trees using laser scanner.
Photogramm. J. Fin. 1999, 16, 27–42.
Persson, Å.; Holmgren, J.; Söderman, U. Detecting and measuring individual trees using an
airborne laser scanner. Photogramm. Eng. Remote Sensing 2002, 68, 925–932.
Næsset, E. Predicting forest stand characteristics with airborne scanning laser using a practical
two-stage procedure and field data. Remote Sens. Environ. 2002, 80, 88–99.
Maltamo, M.; Eerikäinen, K.; Packalen, P.; Hyyppä, J. Estimation of stem volume using laser
scanning-based canopy height metrics. Forestry 2006, 79, 217–229.
Hyyppä, J.; Yu, X.; Hyyppä, H.; Vastaranta, M.; Holopainen, M.; Kukko, A.; Kaartinen, H.;
Jaakkola, A.; Vaaja, M.; Koskinen, J.; Alho, P. Advances in forest inventory using airborne laser
scanning. Remote Sens. 2012, 4, 1190–1207.
Lindberg, E.; Hollaus, M. Comparison of methods for estimation of stem volume, stem number
and basal area from airborne laser scanning data in a hemi-boreal forest. Remote Sens. 2012, 4,
1004–1023.
Kaartinen, H.; Hyyppä, J.; Yu, X.; Vastaranta, M.; Hyyppä, H.; Kukko, A.; Holopainen, M.;
Heipke, C.; Hirschmugl, M.; Morsdorf, F.; et al. An international comparison of individual tree
detection and extraction using airborne laser scanning. Remote Sens. 2012, 4, 950–974.

Remote Sens. 2012, 4

2922

15. Adams, T.; Beets, P.; Parrish, C. Extracting more data from lidar in forested areas by analyzing
waveform shape. Remote Sens. 2012, 4, 682–702.
16. Vaughn, N.R.; Moskal, L.M.; Turnblom, R.C. Tree species detection accuracies using discrete
point lidar and airborne waveform lidar. Remote Sens. 2012, 4, 377–403.
17. Shrestha, R.; Wynne, R. Estimating biophysical parameters of individual trees in an urban
environment using small footprint discrete-return imaging lidar. Remote Sens. 2012, 4, 484–508.
18. Eysn, L.; Hollaus, M.; Schadauer, K.; Pfeifer, N. Forest delineation based on airborne lidar data.
Remote Sens. 2012, 4, 762–783.
19. Treitz, P.; Lim, K.; Woods, M.; Pitt, D.; Nesbitt, D.; Etheridge, D. Lidar sampling density for
forest resource inventories in Ontario, Canada. Remote Sens. 2012, 4, 830–848.
20. Fricker, G.A.; Saatchi, S.S; Meyer, V.; Gillespie, T.G.; Sheng, Y. Application of semi-automated
filter to improve waveform lidar sub-canopy elevation model. Remote Sens. 2012, 4, 1494–1518.
21. Wallace, A.; Nichol; C.; Woodhouse, I. Recovery of forest canopy parameters by inversion of
multispectral LiDAR data. Remote Sens. 2012, 4, 509–531.
22. Seielstad, C.; Stonesifer, C.; Rowell, RF.; Queen, L. Deriving fuel mass by size class in Douglas-fir
(Pseudotsuga menziesii) using terrestrial laser scanning. Remote Sens. 2011, 3, 1691–1709.
23. Ballhorn, U.; Jubanski, J.; Siegert, F. ICESat/GLAS data as a measurement tool for peatland
topography and peat swamp forest biomass in Kalimantan, Indonesia. Remote Sens. 2011, 3,
1957–1982.
24. Hilbert, C.; Schmullius, C. Influence of surface topography on ICESat/GLAS forest height
estimation and waveform shape. Remote Sens. 2012, 4, 2210–2235.
25. Peduzzi, A.; Wynne, R.H.; Thomas, V.A.; Nelson, R.F.; Reis, J.J.; Sanford, M. Combined use of
airborne lidar and DBInSAR data to estimate LAI in temperate mixed forests. Remote Sens. 2012,
4, 1758–1780.
© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

