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Over the past fi ve to ten years the use and applicability 
of light detection and ranging (lidar) technology has in-
creased dramatically. As a result, an almost exponential 
amount of lidar data is being collected across the country 
for a wide range of applications, and it is currently the 
technology of choice for high resolution terrain model 
creation, 3-dimensional city and infrastructure modeling, 
forestry and a wide range of scientifi c applications (Lin 
and Mills, 2010). The amount of data that is being deliv-
ered across the country is impressive. For example, the 
U.S. Geological Survey’s (USGS) Center for Lidar Infor-
mation Coordination and Knowledge (CLICK), which is a 
National repository of USGS and partner lidar point cloud 
datasets (Stoker et al., 2006), currently has 3.5 percent of 
the United States covered by lidar, and has approximately 
another 5 percent in the processing queue. The majority 
of data being collected by the commercial sector are from 
discrete-return systems, which collect billions of lidar 
points in an average project. There are also a lot of dis-
cussions involving a potential National-scale Lidar effort 
(Stoker et al., 2008). 

However, in order to make the data useful for various 
applications, we must interpret and develop models to 
convert these billions of points into actual useable geospa-
tial information. Traditionally in Geographic Information 
Systems (GIS), features are represented as vector points, 
lines, or polygons or as raster cells or pixels. Visualization 
of three-dimensional data has become an effective way for 
scientists and managers to view geographic data in a more 
realistic fashion. The most popular methods for making 
sense of lidar point clouds for modeling and 3D visualiza-

ntroduction tion today are to convert the points to surfaces using raster grids, Tri-
angulated Irregular Networks (TINs), or even voxels (Stoker, 2009). 
Two of the most produced and used lidar-derived products are bare 
earth Digital Elevation Models (DEMs), which are rasters produced 
with only the identifi ed bare earth lidar returns, and intensity images, 
which are usually delivered as an interpolated raster of the fi rst return 
intensity values.

Background
From lidar, we traditionally create surfaces by interpolating the bare 
earth points, the fi rst return points and the intensity information as 
separate images. From the bare earth surfaces, we can calculate topo-
graphic derivatives, such as slope and aspect (Jenson and Domingue, 
1988). We can also create shaded-relief models by defi ning a lighting 
direction and calculating illumination values based on the surface 
pointing. These topographic derivatives have been created for the en-
tire United States using traditional map-based DEMs in the Elevation 
Derivatives for National Applications (EDNA) project (http://edna.
usgs.gov). EDNA is a multi-layered database derived from a version 
of the National Elevation Dataset (NED), which has been hydrologi-
cally conditioned for improved hydrologic fl ow representation (Jen-
son, 1991). The seamless EDNA database provides 30-meter resolu-
tion raster and vector data layers including slope, aspect, contours, 
fi lled DEM, fl ow accumulation, fl ow direction, reach catchment seed 
points, reach catchments, shaded relief, sinks, and synthetic stream-
lines. EDNA is currently incorporating lidar information into their 
databases.
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Band Combinations
With traditional optical imagery, the information from a narrow wave-
length range is gathered and stored in a channel, also referred to as a 
band. To make a color image, we combine and display various channels 
of information digitally using the three primary colors (red, green, and 
blue). The data from each channel is represented as one of the primary 
colors and, depending on the relative brightness (i.e., the digital value) 
of each pixel in each channel, the primary colors combine in different 
proportions to represent different colors. By representing various wave-
lengths that are inside (or even outside) the visible spectrum in an RGB 
band combination image, we are able to highlight features we may not 
be able to detect if we examined only one channel at a time. These com-
binations may manifest themselves as subtle variations in color rather 
than variations in gray tone, which is what would be seen when examin-
ing only one image at a time. (http://www.ccrs.nrcan.gc.ca/resource/tu-
tor/fundam/pdf/fundamentals_e.pdf). This band combination technique 
is particularly useful when representing wavelength bands that are out-
side of the visible spectrum as an RGB image, where the hu-
man eye is adapted to discern information.

This method is commonplace for visualizing various 
wavelength bands in multi- or hyperspectral instruments. 
However; this method can also be used as a novel approach 
to visualize lidar-derived information in a single image. 
Creating multi-band stacks of lidar derivatives allows for 
the incorporation of multiple derivatives into a single im-
age. It also allows for simultaneous display of derivatives 
in a single source image compressed into a single fi le (such 
as a TIFF image) and allows us to display the relationships 
between these separate derivatives intuitively. We can cre-
ate these band combinations for derivatives created from 
the fi rst refl ective surface, the bare earth surface, or what 
we have coined as the “Height Above Ground” (HAG), 
also called normalized digital surface model (nDSM) in 
other literatures, which is simply the value from the fi rst 

refl ective surface minus the value of the bare earth surface. Figure 1 
shows how we can represent four easily created lidar-derived layers: 
slope, elevation, intensity, and hillshade, as RGB images.

In these examples, because we have 4 derivatives, which we can 
represent by the red band, green band or blue band, we have 24 dif-
ferent band combination permutations possible for visualization pur-
poses for each type of surface (FRS, Bare, HAG). This is defi ned by 
the equation: 

4P3 = 4!/(4!-3!) = 24
If desired, we could also display one band with multiple channels, 

e.g., display slope for both r and g channel. This would provide 64 
options. We can also scale these layers separately as an 8-bit, 16-bit 
or 32-bit fl oating point representation of each layer, to highlight one 
band over another. Examples of how these various band combinations 
of the same data can look differently based on RGB band represen-
tations are highlighted from data collected over Buncombe County, 
North Carolina in Figure 2.

continued on page 218
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We can also create these different band combinations for fi rst re-
fl ective surfaces, bare earth surfaces, and the height above ground 
surfaces. Figure 3 shows a multi-band stacks where the red band is 
displaying slope, the green band is displaying elevation, and the blue 
band is displaying laser intensity. Even though we are representing 
the same type of information, each multi-band stack provides differ-
ent information for the user. The First Refl ective Surface stack dis-

plays the top of canopy information. The bare earth surface provides 
the best information for geological and hydrological process. Third, 
the height above ground stack is the best visualization for land cover 
and canopy structure information. With added lidar-derived layers 
possible, we could increase the number of permutations available for 
visualization. 

(a) (b)

(c) (d)

(a) (b)

(c)

continued from page 217
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Finally, by converting this elevation information into an image for-
mat, we can take advantage of the many image processing and clas-
sifi cation methods that have been developed over the years. Instead 
of using various spectral responses in different wavelength bands for 
classifi cations, we can use the elevation differences for classifi cation. 
Figure 4 demonstrates a simple 10 class unsupervised classifi cation 
routine run on a Height Above Ground multi-band stack for Mount 
Rainier, Washington.

As more research is performed on lidar for land cover and canopy 
applications, classifi cations methods such as decision tree algorithms 
could become a very useful tool for making sense of the combina-
tion of image or laser intensity and elevation information. In the fu-

(a) (b)

(a) (b)

ture, this method may be employed to create ‘super stacks’ of active 
lidar and passive optical information. Combining spectral informa-
tion from imagery and vertical information from lidar into a single 
multi-band stack could help tease out age structure classes and other 
information that is diffi cult to do using just imagery or just lidar (Lee 
and Shan, 2003). Incorporating the laser intensity from lidar, which is 
usually a laser in the near-infrared wavelength, with three-band RGB 
imagery, we can represent the intensity of lidar as a pseudo Color-
Infrared Image (Figure 5). By using the lidar intensity image (which 
is inherently georeferenced) with the First Refl ective Surface to reg-
ister the RGB imagery, our chances of having properly co-registered 
pixels are increased.

continued on page 220
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Conclusions
The creation of multi-band stacks of lidar-derived information and 
band combinations of these layers seems to have promise in bringing 
vertical information from lidar into a more imagery-friendly format. 
These methods are fairly easy to replicate, and open up a wealth of 
tools that were originally created for passive optical imagery. How to 
interpret these however, needs special attention and care. While we 
still are in the research phase of this development, we think that these 
techniques may be used in the future to deliver a suite of lidar-derived 
information in a single file. We encourage people to try this method 
out and help us determine if it has applicability in the future.
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