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Simulation of Lidar System Performance
in Terrestrial Mapping Applications

Robert T Pack! (435-797-7049; rtpack@cc.usu.edu)

R Rees Fullmer! (435-797-3894;
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1Utah State University, Center for Advanced Imaging
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United States

Anyone who has used terrestrial lidar data in phys-
ical science applications has likely observed both sys-
tematic and random errors in datasets. An under-
standing of the potential sources of error is impor-
tant when applying post-mission filters that remove er-
rors, artifacts and unwanted features - such as vege-
tation - from lidar “point-cloud” data sets. System
error sources typically include, (1) range error asso-
ciated with transceiver optoelectronics design and at-
mospheric transmission characteristics, (2) pointing er-
ror associated with scanner dynamics, platform insta-
bility and GPS/INS readouts. To better understand
and anticipate lidar data phenomenology and quality
when designing lidar systems and surveys, simulation
software has been developed at Utah State University
Center for Advanced Imaging Ladar. The simulation
focuses on energy-detection lidars common in commer-
cial airborne mapping applications. It accepts as in-
puts: laser power, pulse width, wavelength, beam di-
vergence and pulse repetition frequency; optics includ-
ing aperture, field-of-view, and transmission loss; de-
tector characteristics including focal plane array geom-
etry, quantum efficiency, noise-equivalent power, op-
tical efficiency, optical pass band, noise bandwidth,
and readout error; scanner dynamics including band-
width and damping ratio; GPS/INS errors associated
with various instrument grades; environmental param-
eters including aerosol type, visibility, and solar spec-
tral irradiance; scene parameters including backscatter
distribution and reflectivity; and trajectories includ-
ing position, velocity, and attitude. The simulation
is designed to be adaptable to a wide variety of lidar
system types, environmental settings, and aircraft tra-
jectories over specific terrain models. It was built in
MATLAB/Simulink, a convenient environment for com-
putation and data generation, and has many graphical
interfaces. Principally funded by the U.S. Naval Air
Warfare Center at China Lake, California, it has been
proven capable of modeling lidar systems and missions
within the U.S. Department of Defense. Examples will
be given of simulated range images and point clouds
with associated systematic and random errors. The
ability of the simulation to predict the density and dis-
tribution of laser shots across a terrain model will also
be shown. The modeling of lidar swath geometry is
of particular use to mission planners and prospective
clients who would like to predict the quality and dis-
tribution of lidar shots in irregular terrain.
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From Laser Altimetry Data by
Analysing the Instrumental Error
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The errors in airborne laser altimetry data are
poorly understood, and inadequately quantified. While
numbers such as 20cm elevation, 40cm planimetric er-
ror are generally cited, and this may well be adequate
for large scale measurements, the error budget contri-
butions for the different elements making up the laser
altimetry system mean that the relative error between
locally measured points is considerably lower. As an in-
dication of the increase in information that can be ex-
tracted from such data with knowledge of the error bud-
get, we recently demonstrated a processing algorithm
which, with a standard altimetry acquisition of a farm
field, was able to distinguish between a soil surface
ploughed to 5cm in elevation roughness and a rolled
soil surface, with a 92.5% success rate. Local relative
measurements are better correlated because they are
not subject to the instrumental disturbance that occurs
between swathes, and the drifts due to the differential
GPS and inertial navigation systems used to locate the
aerial platform. To use such measurements effectively
requires an understanding of the error sources affect-
ing laser altimetry measurements. We present here a
study of the error budget of an airborne laser altimetry
system and describe the improvements in interpreting
measurements that can be made by understanding the
error budget. These enable us to extend the utility of
airborne laser altimetry systems to the measurement of
land surface properties, such as soil surface roughness
and vertical vegetation density profiles, with a higher
vertical resolution and better spatial coverage than is
otherwise possible.
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The quality of the range measurement from an air-
borne Light Detection and Ranging (LIDAR) survey is
largely dependent on the accuracy of the GPS trajec-
tory for the aircraft. GPS elevation error - which today
is largely due to multipath effects at the aircraft and
the GPS base station - contributes a major portion of
the LIDAR vertical error budget. The usual practice of
quoting an RMS value for the GPS component of the er-
ror budget implies that GPS noise is Gaussian, yet the
true nature of the noise signal is time-varying with sig-
nificant power at long periods. GPS noise with a 3-cm
RMS can easily have more than 10 cm of total variabil-
ity on a time scale of tens of minutes to several hours.
We show examples from an airborne LIDAR survey over
the open-pit Hector Mine where repeated flyovers of an
area used for ground truth revealed large elevation bi-
ases between passes that could not be resolved by ad-
justing the (non-GPS) parameters of the LIDAR sys-
tem. As part of the post-processing of a large kinematic
GPS survey of the salar de Uyuni, Bolivia, we have de-
veloped an algorithm to correct time-varying GPS error
using elevation mismatches at crossovers between vehi-
cle paths. The survey was originally designed to in-
corporate a large number of crossovers for the purpose
of determining survey repeatability, and we were later
able to exploit the crossover difference observations to
solve for a model of the actual error signal generat-
ing those differences. We give results from tests with
synthetic noise and topography data indicating that
this method removes more than two-thirds of the added
noise from the topographic signal, and we show the ex-
cellent results obtained for the salar de Uyuni survey
data. We believe that airborne LIDAR surveys incor-
porating crossovers at regular intervals can also benefit
from the application of this algorithm.
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Operational Accuracy of LIDAR in
Mountainous Terrain
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Josh Roering? (jroering@oregon.uoregon.edu)

1USDA Forest Service Rocky Mountain Research Sta-
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Conventional airborne LIDAR accuracy assessments
are done by surveys of very flat surfaces: commonly
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tarmac areas or the roofs of hangar buildings at air-
ports. These tests characterize the errors of the LIDAR
hardware/software system including the laser ranging
unit, opto-mechanical scanner, data recording devices,
and aircraft GPS/INS. However, surveys over horizon-
tal surfaces are not sensitive to data positional errors.
Also, tests of the LIDAR detection of the positions of
edges of horizontal surfaces are often unrealistic if the
test flight pattern is designed to enhance discrimina-
tion of those edges. Furthermore, little information is
available about the operational accuracy of LIDAR sur-
veys in mountainous terrain where all the system errors
combine with uncertainty related to general topogra-
phy and local surface roughness to produce the total
three-dimensional survey error. We have evaluated the
operational LIDAR accuracy at a large landslide com-
plex that has an extreme variety of topographic rough-
LIDAR data were compared with total station
and RTK GPS ground points and profiles. Over gently
sloping, smooth terrain adjacent to the landslide, sin-
gle point elevation absolute errors were generally <15
cm, similar in magnitude to the system errors normally
reported by LIDAR contractors. There were local ver-
tical discrepancies of up to 45 cm, presumably due to
temporary GPS errors. Within portions of the land-
slide that are rough over a spatial scale of meters to
tens of meters, the point elevation median absolute ac-
curacy remained better than 15 cm, but the range of
errors increased to plus-or-minus several meters. Rel-
ative elevation accuracy was evaluated by comparing
gridded surfaces of small identical areas measured twice
by the LIDAR in the overlap zones between adjacent
flight lines. Relative differences in sample area average
elevation were less than 60 cm over smooth unfailed
terrain, increased to 1 m over an active fine-grained
earthflow, and 3 m in a portion of the landslide com-
plex that included large angular limestone blocks in the
slide matrix. The relative differences in standard de-
viation of elevations within the sample areas also in-
creased from about 30 cm in the smooth area outside
the slide to up to 2.2 m in the blocky portion of the
slide complex. We were not able to distinguish LIDAR
data elevation errors from positional errors. Work is
continuing to quantify the absolute and relative accu-
racy of local slope and topographic curvature predicted
by the LIDAR data.

ness.
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Using Artifacts to Detect Systematic
Errors in ALSM Observations

Brian J. Luzum?! (352-392-9776; luzum@ufl.edu)

William E. Carter! (352-392-5003;
bearter@ce.ufl.edu)

Michael Sartoril (352-392-1571; michaels@ufl.edu)

Ramesh L. Shresthal (352-392-4999;
rshre@ce.ufl.edu)

1 University of Florida, 365 Weil Hall Department
of Civil and Coastal Engineering, Gainesville, FL
32611, United States

Even well calibrated Airborne Laser Swath Mapping
(ALSM) data contains systematic errors. Evidence of
these errors can be seen in distinctive artifacts found
in the digital models created from the ALSM data. For
instance, errors in the automatic gain control or the
range walk lookup table could cause intensity-related
artifacts that become especially obvious on smooth sur-
faces as spurious elevations. Also, errors in the tra-
jectory of the sensor, reading the scanner mirror an-
gle, the scale, and the range walk lookup table can
cause the elevations in adjacent ALSM strips to not
match in the overlap areas. Careful calibration and
reduction needs to be performed to reduce these ef-
fects to an acceptable level. The remaining errors can
be further reduced by new post-processing algorithms.
As an example, since some errors increase as the scan
angle increases, the inter-strip inconsistencies (some-
times called seams) can be decreased by using schemes
which decrease the weight of data as it gets further
from nadir. With the effects of the errors minimized,
the resulting ALSM elevation and intensity data show a
wealth of features. ALSM data users need to be aware
of the possible sources of contamination and need to
ensure that their data will suit their needs. The flight
specifications need to be made not just considering the
obvious data spacing and accuracy, but also account-
ing for secondary concerns such as the desire to have
the laser shots penetrate the vegetation canopy and to
get returns from dark surfaces. Although increasing the
overlap and low flying heights can be seen by some as
counterproductive to the efficiency of data collection,
the resulting quality of the product often outweighs the
cost’ of additional data collection and processing time.
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Quantification of vegetation patterns and properties
is needed to determine their role in the landscape and
to develop management plans to conserve natural re-
sources. Vegetation patterns can be mapped from the
ground, or by using aerial photography or satellite im-
agery. However, quantifying the physical properties of
vegetation patterns with ground-based or remote sens-
ing technology is difficult, time consuming, and often
costly. Digital data from an airborne lidar (light de-
tecting and ranging) instrument offers an alternative
method for quantifying vegetation properties and pat-
terns. Using lidar, a study was conducted in the San
Pedro National Riparian Conservation Area in an at-
tempt to differentiate young and old Cottonwood trees
in southeastern Arizona as young and old cottonwoods
have significantly different water use per unit area of
canopy. The lidar data was acquired in June 2003, us-
ing Optech’s ALTM (Airborne Laser Terrain Mapper),
during flyovers conducted at an altitude of 750 m. It
has been demonstrated that the height of old and young
cottonwood canopies can be measured by using lidar.
Canopy heights measured with the lidar show a good
degree of correlation with ground-based measurements.
Methodologically, the first step required is to differen-
tiate old from young cottonwood canopies by the differ-
ences in canopy height obtained from lidar data. In ad-
dition to vegetation heights, spatial patterns of crown
area, canopy cover, and intensity of return laser pulse
are measured for both old and young cottonwood trees
with the lidar data. The second stage of this study
demonstrates that these other parameters of old and
young cottonwood trees, when extrapolated from lidar,
are significantly different. This study indicates the po-
tential of airborne lidar data to distinguish between dif-
ferent ages of cottonwood forest canopy for large areas
quickly and quantitatively.
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Application of Local Surface Matching
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The headwaters of Pueblo Canyon, Los Alamos
County, New Mexico, were severely burned during the
May, 2000 Cerro Grande Fire, after which occurred a se-
ries of floods of significantly increased magnitude com-
Data from two ALSM mis-
sions offered the opportunity to quantify the flood-

pared to pre-fire records.

driven sediment deposition and erosion through the
canyon, as well as to aid efforts to model sediment
and contaminant transport in the post-fire hydrology.
The datasets exhibited an array of processing artifacts
and errors but were deemed to be of higher quality
than existing photogrammetry-derived elevation data.
However, the difference raster exhibited unrealistic pat-
terns of erosion and deposition on hillslopes which were
found to be caused by variable horizontal position er-
rors. These combined with background vertical offsets
greatly distorted the patterns of sediment deposition
and erosion along the stream channel, with a large
bias toward deposition throughout. Surface matching
over local windows was used to correct the data for
sediment volume change calculation. Cross correlation

maximization followed by a vertical correction was suf-
ficient to remove the majority of the relative error so
that calculated sediment deposition and erosion were
consistent with field observations. While the vertical
offsets accounted for much of the depositional bias,
the horizontal error component of the calculated sed-
The effects of
this image-based surface matching technique and of an

iment change volume was not trivial.

application of iterative point matching as a refinement
are presented.
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Airborne Laser Swath Mapping (ALSM, also re-
ferred to as LIDAR) is used to determine the presence
and height of various vegetation types in rangeland ar-
eas of southeastern Idaho. Vegetation heights are dif-
ficult to determine using established multispectral and
hyperspectral methods and are of interest in differen-
tiating between spectrally similar subspecies (i.e. big
sagebrush and low sagebrush) and in determining veg-
etation maturity (and thus history, such as evidence of
past burns or other catastrophic events). While ALSM
has been shown to be of great use in studying the
high-relief canopies of forests, the low canopy heights
of grasses and brush encountered in rangeland areas
make such vegetation difficult to discern from the bald
ground surface. An added obstacle is that the eleva-
tion uncertainties of ALSM are often comparable to the
rangeland vegetation heights. Techniques used in this
investigation to determine vegetation heights include
localized point cloud analysis and detrending. Vegeta-
tion types are then classified using surface roughness
and fractal analysis.
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The intraplate stress field within Antarctica is
largely unknown because of a lack of commercial
drilling and the scarcity of recorded earthquakes with
reliable focal mechanism solutions. Volcanic cone align-
ments are geologic indicators of the crustal stress
regime, because eruptions occur above stress-controlled
magmatic hydrofractures. Neogene-Quaternary volcan-
ism occurs over large sectors of the Antarctic interior,
providing an opportunity to obtain regional stress in-
formation. We are investigating the volcanic structure
of the McMurdo Volcanic Group, a suite of alkaline vol-
canic rocks that extends from the Transantarctic Moun-
tains to offshore localities within the West Antarctic
rift system. In December, 2001, high-resolution surface
elevation data were obtained by NASA’s Airborne To-
pographic Mapper (ATM) laser altimetry system over
portions of Mt Morning and Mt Discovery volcanoes in
the Erebus Volcanic Province. The ATM surveys were
conducted as part of a joint project of NASA and NSF
to evaluate the potential of laser altimetry for topo-
graphic mapping in Antarctica. Data from the ATM
system was interpolated into a regular grid with 2-
4 meter resolution. The elongation of elliptical cone
rims can be directly related to the trend of the sub-
surface fissure that controlled cone emplacement. Vol-
canic cone alignments are defined based on elliptical
cone trends together with circular cones that are prox-
imal and along the same trend. We initially mapped
the distribution and shape of the volcanic cones us-
ing a combination of SPOT 3 panchromatic satellite
imagery (10 m ground resolution), RADARSAT and
JERS radar imagery and LANDSAT imagery (30 m
ground resolution), aerial photography, and field work.

For smaller cones, it was difficult to map the shapes
of the cone rims due to the resolution limit of avail-
able imagery. The new DEM data from the laser map-
ping provides detailed information on the shapes of vol-
canic cones, including ellipticity, the symmetry of max-
imum/minimum elevation points, and the position of
breaches on cone rims. These morphometric data yield
information on the geometry of underlying magmatic
fissures and/or of faults that controlled ascent and em-
placement of volcanic materials. The detailed eleva-
tion information from the laser data makes it possible
to quantify morphologic parameters of volcanic cones
around Mt Discovery and Mt Morning and thus to ob-
tain information on the structural kinematics and dy-
namics of the region in the late Cenozoic.
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The National Science Foundation supported Cen-
ter for Airborne Laser Mapping (NCALM) utilizes the
airborne laser swath mapping (ALSM) system jointly
owned by the University of Florida (UF) and Florida In-
ternational University (FIU). The UF/FIU ALSM sys-
tem is comprised of an Optech Inc. Model 1233 ALTM
unit, with supporting GPS receiver and real-time navi-
gation display, mounted in a twin-inline-engine Cessna
337 aircraft. Shortly after taking delivery of the ALSM
system, UF researchers, in collaboration with a com-
mercial partner, added a small format digital camera
(Kodak 420) to the system, rigidly mounting it to the
ALSM sensor head. Software was developed to use the
GPS position and orientation parameters from the IMU
unit in the ALSM sensor to rectify and mosaic the digi-
tal images. The ALSM height and intensity values were
combined pixel by pixel with the RGB digital images,
to classify surface materials. Based on our experience
with the initial camera, and recommendations received
at the NCALM workshop, UF researchers decided to
upgrade the system to a Redlake MASD Inc. model
MS4100 RGB/CIR camera. The MS4100 contains three
CCD arrays, which simultaneously capture full spatial
resolution images in red and near IR band bands, and
a factor of two lower spatial resolution images in the
blue and green bands (the blue and green bands share
a single CCD array and the color bands are separated
with a Bayer filter). The CCD arrays are rectangular
with 1920 x 1080 elements, each element being 7.4 x
7.4 micrometers. With a 28 mm focal length lens, and
at a flying height of 550 meters, the effective groundel
is approximately 15 x 15 cm. The new digital camera
should be particularly useful for studies of vegetation,
including agricultural and forestry applications, and for
computer automated classification of surface materials.
Examples of early results using the improved ALSM-
digital imaging capabilities will be presented.
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Laser altimetry (LIDAR) and interferometric syn-

thetic aperture radar (InSAR) have emerged as impor-
tant tools for remotely sensing topography at fine and
medium scales, respectively. Strip-map InSAR provides
large coverage areas, but at spatial resolutions that are
often insufficient for many applications. Conversely,
LIDAR provides higher resolution, but covering large
areas can be impractical. Slatton, et al. (2001) demon-
strated that digital elevation models (DEMs) derived
from LIDAR and InSAR data could be fused to provide
large coverage areas, while maintaining high resolution
locally. A multiscale Kalman smoother (MKS) employ-
ing a fractional Brownian motion stochastic model al-
lowed the estimation of fused elevations with uncer-
tainty measures at every pixel. However, the standard
MKS algorithm with a single stochastic model does not
incorporate spatial variations in the elevation statis-
tics. For example, rough undulating terrain yields an
elevation surface with a shorter correlation length than
flat smooth terrain. In this work, multiscale Kalman
filters are defined in a multiple-model configuration
that accommodates local variations in elevation statis-
tics. Stochastic model realizations for long and short
correlation length surfaces are blended together with a
simple Mixture-of-Experts (ME) network. Implement-
ing classical multiple-model approaches, such as a Mag-
ill filter bank, on multiscale data structures would re-
quire that a particular model be selected for every node
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in the quadtree. The selection of the best model at a
parent node becomes potentially problematic if differ-
ent models were selected as best at the children nodes.
The need to explicitly map different stochastic models
to the quadtree nodes of a multiscale estimator is obvi-
ated in the ME approach because the relative weighting
of the individual Kalman estimates is automatically de-
termined based on the innovation sequences to provide
an adaptive estimate of the elevations.
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The Puget Sound Lidar Consortium, working with
TerraPoint, LLC, has procured a large volume of
ALSM (topographic lidar) data for scientific research.
Research-grade ALSM data can be characterized by
their completeness, density, and accuracy. Complete
data includeat a minimumX, Y, Z, time, and classifica-
tion (ground, vegetation, structure, blunder) for each
laser reflection. Off-nadir angle and return number
for multiple returns are also useful. We began with
a pulse density of 1/sq m, and after limited experi-
ments still find this density satisfactory in the dense
second-growth forests of western Washington. Lower
pulse densities would have produced unacceptably lim-
ited sampling in forested areas and aliased some topo-
graphic features. Higher pulse densities do not produce
markedly better topographic models, in part because of
limitations of reproducibility between the overlapping
survey swaths used to achieve higher density. Our
experience in a variety of forest types demonstrates
that the fraction of pulses that produce ground returns
varies with vegetation cover, laser beam divergence,
laser power, and detector sensitivity, but have not
quantified this relationship. The most significant oper-
ational limits on vertical accuracy of ALSM appear to
be instrument calibration and the accuracy with which
returns are classified as ground or vegetation. Ter-
raPoint has recently implemented in-situ calibration
using overlapping swaths (Latypov and Zosse, 2002, see
http://www.terrapoint.com/News_damirACSM_ASPRS
2002.html). On the consumer side, we routinely per-
form a similar overlap analysis to produce maps of
relative Z error between swaths; we find that in bare,
low-slope regions the in-situ calibration has reduced
this internal Z error to 6-10 cm RMSE. Comparison
with independent ground control points commonly
illuminates inconsistencies in how GPS heights have
been reduced to orthometric heights. Once these in-
consistencies are resolved, it appears that the internal
errors are the bulk of the error of the survey. The
error maps suggest that with in-situ calibration, mi-
nor time-varying errors with a period of circa 1 sec
are the largest remaining source of survey error. For
forested terrain, limited ground penetration and errors
in return classification can severely limit the accu-
racy of resulting topographic models. Initial work by
Haugerud and Harding demonstrated the feasibility of
fully-automatic return classification; however, Terra-
Point has found that better results can be obtained
more effectively with 3rd-party classification software
that allows a mix of automated routines and human
intervention. Our relationship has been evolving since
early 2000. Important aspects of this relationship
include close communication between data producer
and consumer, a willingness to learn from each other,
significant technical expertise and resources on the
consumer side, and continued refinement of achievable,
quantitative performance and accuracy specifications.
Most recently we have instituted a slope-dependent Z
accuracy specification that TerraPoint first developed
as a heuristic for surveying mountainous terrain in
Switzerland. We are now working on quantifying the
internal consistency of topographic models in forested
areas, using a variant of overlap analysis, and stan-
dards for the spatial distribution of internal errors.
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The Compact Hydrographic Airborne Rapid Total
Survey (CHARTS) system is the next generation air-
borne lidar system for coastal mapping and charting.
CHARTS, owned by the US Naval Oceanographic Of-
fice, incorporates the knowledge and experience gained
through over 7,000 hours of operating the US Army
Corps of Engineer’s SHOALS system. CHARTS is actu-
ally the fusion of three sensors; a 1,000 Hz hydrographic
lidar, a 10,000 Hz topographic lidar, and a high resolu-
tions digital camera. During August 2003 CHARTS was
field tested in Ft. Lauderdale, FL, where it collected
over 40 million hydrographic soundings and 90 million
topographic elevations to assess a matrix of contractual
specifications and requirements. This presentation will
present the CHARTS system and results of the field
tests.
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The National Science Foundation (NSF) recently
awarded a grant to create a research center to sup-
port the use of airborne laser mapping technology in
the scientific community. The NSF supported Center
for Airborne Laser Mapping (NCALM) will be oper-
ated jointly by the Department of Civil & Coastal En-
gineering, College of Engineering, University of Florida
(UF) and the Department of Earth and Planetary Sci-
ence, University of California-Berkeley (UCB). NCALM
will use the Airborne Laser Swath Mapping (ALSM)
system jointly owned by UF and Florida International
University (FIU), based at the UF Geosensing Engi-
neering and Mapping (GEM) Research Center. The
state-of-the-art laser surveying instrumentation, GPS
systems, which are installed in a Cessna 337 Skymaster
aircraft, will collect research grade data in areas se-
lected through the competitive NSF grant review pro-
cess. The ALSM observations will be analyzed both at
UF and UCB, and made available to the PI through an
archiving and distribution center at UCB-building upon
the Berkeley Seismological Laboratory (BSL) Northern
California Earthquake Data Center system. The pur-
pose of NCALM is to provide research grade data from
ALSM technology to NSF supported research studies in
geosciences. The Center will also contribute to software
development that will increase the processing speed and
data accuracy. This presentation will discuss NCALM
operation and the process of submitting proposals to
NSF. In addition, it will outline the process to request
available NCALM seed project funds to help jump-start
small scientific research studies. Funds are also avail-
able for travel by academic researchers and students for
hands-on knowledge and experience in ALSM technol-
ogy at UF and UCB.

2003 Fall Meeting F479

G12A-02 1615h INVITED

ALSM and GIS Analysis of Debris Flow
Fan Variability, Death Valley, CA

Thad Wasklewicz! (9016784452;
twsklwcz@memphis.edu)

Heather Volkerl (9016782386;
hvolker@memphis.edu)

lUniversity of Memphis Department of Earth Sci-
ences - Geography, Johnson Hall 113, Memphis, TN
38152, United States

Analysis of form in geomorphology has gone through
numerous transitions that began with the qualitative
assessments of form through field observations as well
as an attempt to unravel the historical development of
landscapes. The dissatisfaction with the historical ap-
proach led to an emphasis on quantitative measures and
analyses of planimetric (2D) boundary conditions of
surficial features. The advent of Airborne Laser Swath
Mapping (ALSM) and other remotely sensed techniques
provided access to high-resolution data and permitted
geomorphologic research to move beyond 2D measures
to more closely approximate the form in 2.5D space.
The current study presents preliminary results from a
GIS analysis of ALSM data of alluvial fan form in Death
Valley, CA. Functional surficial units, identified from
field observations and DEM data, from debris flow fans
were extracted from the ALSM point cloud. The func-
tional units consisted of channels, levees, snouts, and
interfluves between levees of two separate debris flow
channels. The morphometric characteristics of these
features were compared using spatial statistical anal-
yses. The spatial interpretation provides a 2.5D as-
sessment of within- and between-fan variability. It ex-
plains similarities and differences between the geomor-
phometric signatures of debris flow fans in a hyper-arid
setting. The findings have implications for process-
response models and planning/management of these of-
ten inhabited features.
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High-resolution topographic data acquired through
airborne laser swath mapping (ALSM) allows geomor-
phologists to observe and measure features that can-
not be resolved in coarser topographic maps. One of
the most promising applications of ALSM data in geo-
morphology is the measurement of landscape properties
that can be used to calibrate and test landscape evolu-
tion models. We illustrate this process with examples
from the analysis of an ALSM dataset covering 40 km?
of the Gabilan Mesa, a soil-mantled landscape in cen-
tral California’s Salinas Valley. The fine-scale ridge-
and-valley topography of the Gabilan Mesa is charac-
terized by a regular spacing of 180m between adjacent
ridgelines. This regular spacing, which is not appar-
ent in coarser digital elevation models (DEMs), defines
a dominant topographic “wavelength.” The magnitude
of this wavelength is hypothesized to reflect spatial and
tectonic boundary conditions and the relative rates of
hillslope and channel erosion. We apply signal process-
ing techniques to the ALSM data to measure the mag-
nitude and regularity of the topographic wavelength.
We then extract topographic profiles and drainage ar-
eas from the ALSM data that, when combined with
exposure ages obtained from cosmogenic radionuclides,
allow us to calibrate hillslope and channel erosion laws.
The output of a numerical model based on these ero-
sion laws can be analyzed by the same signal process-
ing techniques applied to the ALSM-derived DEM. In
this way the DEM and the model can be compared sta-
tistically. We also consider several challenges posed
by the acquisition, processing and analysis of ALSM
datasets that are relevant to terrain analysis, includ-
ing the potential distortion of small-scale topographic
features by filtering algorithms and the computational
load imposed by large data volumes and grid-based rep-
resentations of topography.

Cite abstracts as: Fos. Trans. AGU, 84(46), Fall Meet. Suppl., Abstract ####H#-##, 2003.




