
2 0 0 8  F A L L  E D I T I O N    S P A T I A L  T E A M   V O L .  2  N O .  3

Welcome to our newest SNAMP newsletter! This issue focuses on the Spatial 
Team. To read other newsletters and for more information, please visit our 
project website at: snamp.cnr.berkeley.edu. 

THE SNAMP SCIENCE TEAMS 
As directed by the US Forest Service’s 2004 Sierra Nevada Forest Plan 
Amendment, vegetation management treatments that remove flammable 
natural materials from national forests are planned or being implemented 
at many sites in the Sierra Nevada where fire risk is high. How do these 
treatments affect fire behaviors, wildlife, forest health and water? A team of 
university scientists is monitoring the effects of vegetation management 
treatments in two Sierra Nevada locations: Sugar Pine (in the Sierra National 
Forest) and Last Chance (in the Tahoe National Forest). The SNAMP science 

teams are made up of researchers from University of California Berkeley, UC Merced, UC Cooperative Extension, and the 
Univ. of Minnesota.  The science teams study fire and forest health, wildlife (focusing on fisher and spotted owl), water, 
and public participation.  All science teams are supported by spatial analysis and GIS.

SPATIAL DATA IN SUPPORT OF FOREST ECOLOGY Geospatial data, or data that is linked to a 
place on the surface of the earth, is increasingly a part of our daily lives. We commonly use digital maps to navigate, we 
use GPS (Global Positioning Systems) to capture our routes through the forest and the city, and we look at aerial 
imagery from websites like Google Maps showing our neighborhoods from above.  These and other tools are also being 
used in environmental sciences, and they play a large role in the SNAMP project.  We are mapping the forest before and 
after vegetation management treatments and measuring forest habitat characteristics across our treatment and control 
sites. One of our datasets, called LIDAR, is a new source of data that shows great promise for mapping forests. 

LIDAR (LIGHT DETECTION & RANGING) Environmental sciences are inherently spatial, and 
geospatial tools such as Geographical Information Systems (GIS), Global Positioning Systems (GPS) and remote sensing 
(collecting imagery using a sensor that is not in direct contact with the target, as we do with a camera) are fundamental 
to these research enterprises.  Remote sensing has been used for forest and habitat mapping for a long time, and new 
technological developments such as LIDAR (light detection and ranging) are making this field even more exciting.  Here 
we briefly describe LIDAR’s basic principles and show some preliminary analyses completed for the SNAMP Project. We 
are using this data to model detailed topography to help the water team understand runoff in the SNAMP watersheds, 
to map forest canopy cover and vegetation height as inputs to the fire and forest health team’s detailed fire models, 
and to derive important forest habitat characteristics for the 
spotted owl and fisher teams. 
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SNAMP HIGHLIGHT: 
SPATIAL TEAM

The spatial team has two leads: Dr. Maggi 
Kelly at UC Berkeley and Dr.  Qinghua Guo 
at UC Merced.  At UC Berkeley, PhD 
student Marek Jakubowski and visiting 
Italian PhD student Alessandro Montaghi 
are analyzing the LIDAR data for forest 
structure. At UC Merced, staff researcher 
Hong Yu is developing a bare earth model 
from the LIDAR data with Wenkai Li, PhD 
student. The UC Berkeley group  will 
concentrate on research and support for 
the wildlife and public participation teams, 
and the UC Merced team will support the 
water team. Both groups will support the 
fire and forest ecosystem health team. 
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LIDAR TECHNOLOGY & BASICS LIDAR systems work by “sounding” 
light against a target in a similar way to 
sonar or radar.  First, a laser illuminator 
g e n e r a t e s a s h o r t p u l s e o f 
electromagnetic energy at a specific 
wavelength (a laser pulse) and directs it 
towards a target.  In our case, the 
sensor is attached to the underside of 
an aircraft, and the laser is directed 
towards the ground.  The wavelengths 
used are typically in the visible or near infrared region of the electromagnetic 
spectrum.  The laser pulse moves towards the earth,  and when it meets an 
object  like a leaf or the ground,  the light  can be reflected, absorbed or 
transmitted by that object.  Different materials  interact with light in different 
ways.   The portion of the light that is reflected moves back towards the 
airborne sensor where it is  detected and recorded (see “First Return” in Figure 
1, left).  The time between sending the pulse out  and its collection is measured 
and converted to distance by using the speed of light.  Simultaneously,  the 
aircraftʼs exact position and orientation is measured by an on-board GPS and 
inertial measurement unit  (IMU).  The combination of  all the above 
measurements allows us to backtrack and calculate the elevation at  which the 
light pulse was reflected. Some LIDAR instruments, like the one we use in 
SNAMP, collect multiple signals from 

one initial pulse, and so we can get information about the tops of trees, the structure of  the 
trees, and the ground (see “Multiple Returns” and “Last Return” in Fig 1). 

LIDAR DATA ANALYSIS 
Raw Data: LIDAR data is typically delivered as a “point cloud,” a collection of elevations and 
their intensities that can be projected in a three-dimensional space. In Figure 2 (right) we 
show this “point cloud”  concept. There are thousands of individual points in the image, each 
colored according to its height  (magenta and red are high, orange and yellow are low; figure 
2 shows three trees on a gradual hillslope).  
Bare Earth:  Once the data is collected, the first  step  is to transform the data into a “bare 
earth”  model; which is an approximation of the ground if all objects above surface are 
removed.  We use the “Last Return” data (see Figure 1 above) to generate this model of the 
bare earth.   These are typically very detailed products (with a small footprint on the ground) 
and provide much more topographic information than from Digital Elevation Models (DEMs) 
that  were derived from topographic maps. See the example of a DEM derived from LIDAR 
data at right (Figure 3).  Our DEM has a ground resolution of under 1m.
Forest  Structure: Another typical step  in processing LIDAR data is to examine individual 
trees and forest structure.   An example of a forest stand is shown in Figure 4.  These and 
other products help  us understand how the forest influences surface hydrology, how a patch 
of forest might provide habitat for a fisher and how a forest might burn given certain weather 
and wind patterns.  
Future Analyses: We are in the process of linking the forest parameters gathered by the Fire 
& Forest  Ecosystem Health Team in summer 2008 with the LIDAR-derived data to help scale-
up forest variables to the fireshed scale.  For example,  tree height, tree DBH (diameter-at-
breast-height) and canopy cover have been successfully modeled using LIDAR data in other 

studies,  and there is active research linking field-based and LIDAR-based fire-related 
measures such as canopy base height  and ladder fuels,  and wildlife-related measures 

such as vertical structure.  We are still in very preliminary stages of data analysis, so 
please stay tuned to the SNAMP website for more information. 
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This SNAMP Newsletter created by Maggi Kelly & Marek Jakubowski

This Newsletter’s images courtesy of Qinghua Guo, Hong Yu, Marek Jakubowski & Alessandro Montaghi

OUR LIDAR SYSTEM 
We contracted with the National 
Center for Airborne LIDAR Mapping 
(NCALM) for our data.  They flew the 
GEMINI  instrument at approximately 
600 m above ground level,  with 67% 
swath overlap. The instrument col-
lected 4 discrete returns per pulse at 
125kHz,  and the data has a final 
density of 9 points per m2.  

Figure 2. LIDAR point cloud.

Figure 3. DEM derived from LIDAR data.

Figure 4. Visualization of SNAMP forests.

Figure 1. Demonstration of LIDAR multiple returns. Image modi-
fied from Lefsky et al. 2004, with tree graphic borrowed with 
permission from globalforestscience.org.


