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USDA Forest Service FUSION Offers  
Powerful Lidar Tools 

Forest managers can now use lidar data in 
combination with GIS to help them assess 
forest inventories and create forest plans. 
The USDA Forest Service’s (USFS) FUSION 
software, combined with Esri’s ArcGIS, 
provides lidar analytic tools, a streamlined 
workflow, and functionality for storing, 
organizing, and sharing lidar .las files. 
Foresters can understand, explore, and 
analyze lidar data point clouds and inter-
actively view them in 3D. 
 Foresters use FUSION to quantify veg-
etation by extracting lidar point clouds 
and correlating them with forest inventory 
plots. It calculates various canopy metrics, 
such as height statistics, to describe the 
canopy distribution and cover density 
ratios. FUSION then summarizes these 
ratios at the plot level or in a continuous 
grid cell format. It also performs a quality 
routine to assess the appropriateness of 
lidar point data for a forestry application.
 FUSION provides a robust ability to 
perform extensive point cloud analytics 
of forest inventory variables across large 
landscapes. The information it extracts 
to describe the forest canopy is easily 
exported as an ASCII grid and imported 
into ArcGIS along with other GIS datasets 
(figure 1). 
 Using ArcGIS Spatial Analyst, users 
apply conditional logic to the FUSION-
derived canopy structure grids to extract 
pixels meeting certain criteria. For exam-
ple, foresters can locate areas containing 
tall trees with relatively low canopy cover. 

 Before applying the resultant statistical 
models to the landscape, team members 
used GIS to ensure the models were ap-
plied appropriately and successfully across 
the landscape. First, they applied a forest/
nonforest mask to ensure the models were 
applied only in forested areas. This was 
accomplished using the Spatial Analyst 
Conditional tool in ArcGIS and the canopy 
height and cover structure grid layers 
output from FUSION. Each pixel had to 
meet a minimum vegetation height of 
three meters and 2 percent canopy cover. 

FUSION Applied
Over the past several years, a workflow 
incorporating ArcGIS and FUSION was 
implemented for a forest restoration 
effort in the Pinaleño Mountains of the 
Coronado National Forest in southeastern 
Arizona. To model forest inventory param-
eters, the team used regression analysis 
to determine the correlation between the 
parameters that were measured on field 
plots and the lidar canopy metrics that 
were summarized in FUSION and classi-
fied as subsets for each plot. 

 This map is a mosaicked composite of data from the image service of the Landsat Global Land 
Survey (GLS) 2010 dataset and can be accessed on ArcGIS Online. This data has been enhanced 
with radiometric correction and histogram stretching to make it more visually appealing.
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All pixels that did not meet the criteria 
were masked out before models were ap-
plied across the study area. 
 The final step was to apply the re-
gression models created in the initial 
modeling steps to the appropriate ASCII 
grid layers. This generated continuous 
inventory parameter GIS layers covering 
the entire study area. Each calculation 
produced a new grid in which each 
25-meter cell spatially represents the 
estimated forest inventory parameter 
of interest such as biomass, basal area, 
Lorey’s mean height, and timber volume 
(figure 2). The resultant GIS inventory 
layers were qualitatively validated by local 
experts and conformed well to trends 
known to occur on the landscape. 
 The project team estimated that the 
cost for obtaining data sufficient to imple-
ment the Pinaleño Ecosystem Restoration 
Project using lidar was half the cost of tra-
ditional methods. Furthermore, capturing 
the lidar data to measure sample areas 
was easier than deploying field crews that 
could not safely measure trees in extreme 
terrain. Lidar made it possible for the 
team to create continuous coverage of all 
forested areas. 
 FUSION software is currently managed 
by Robert McGaughey of the USDA Forest 
Service—Pacific Northwest Research 
Station. Download USFS FUSION software 
free of charge at http://forsys.cfr.washing-
ton.edu/fusion/fusionlatest.html.

For more information, 
tutorials, and sample 
lidar datasets, visit the 
USFS Remote Sensing 
Applications Center at 
www.fs.fed.us/eng/rsac.

Learn more about 
FUSION by contacting 
Ron Behrendt, managing 
member, Behron LLC, at 
behron@centurytel.net.

 Figure 2. The GIS grid layer (25 m cell size) represents the Basal Area inventory parameter 
model applied at the landscape level. This GIS layer is one of the end-user products that will be 
used for future decision making, analysis, and monitoring for the Pinaleño Sky Island study area.
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