
RESESS Intern Emanuelle Feliciano Bonilla operating a UNAVCO Optech ILRIS-3D scanner at Bijou Creek Colorado. A UNAVCO 
pool GPS RTK system is mounted on the scanner. GPS equipment are available from UNAVCO and are therefore not requested in this 
proposal. A high resolution digital camera calibrated to the TLS can be mounted where the GPS is mounted in this photo.
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Project Summary: Advances in Terrestrial Laser Scanning (TLS) technology and recent compelling 
applications of TLS to Earth science research represent new and exciting opportunities for the Earth 
science community. TLS technology is based on Light Detection and Ranging (LiDAR) and is also 
referred to as ground-based LiDAR or tripod LiDAR. The primary capability of TLS is the generation of 
high resolution 3-dimensional maps and images of surfaces and objects over scales of meters to 
kilometers with centimeter or sub-centimeter precision. This allows for high accuracy mapping as well as 
the determination of surface changes over time via repeated measurements. The incorporation of GPS 
measurements provides accurate georeferencing of TLS data in an absolute reference frame. The addition 
of digital photography yields photorealistic 3D images. TLS systems are portable and therefore suitable 
for a wide spectrum of user applications in many different environments. This proposal is for the 
acquisition of two TLS instrumentation systems and associated peripherals, digital photography 
equipment, software and deployment equipment optimized to support Earth science research. 
 
These TLS instrumentation systems will be shared resources managed by the UNAVCO Facility and 
integrated into UNAVCO’s ongoing support for NSF Earth Sciences (EAR) projects. One of the 
requested TLS systems will be owned by UNAVCO and will be available for community use year round. 
The other TLS system will be owned by Central Washington University and will be available as part of 
the UNAVCO pool for community use on a part-time basis. Considering the expense of TLS equipment 
and the expertise needed for successful operation, this approach represents the most cost effective means 
of making this technology accessible to the EAR research and education community. Related services 
currently provided by UNAVCO for EAR projects include one TLS system acquired through an MRI 
funded by the NSF Office of Polar Programs, project planning, GPS equipment pool, shipping, field 
support and training, data management and archiving, post-project follow-up, and development work for 
supporting new applications. Moreover, enhanced support for TLS instrumentation acquired through this 
MRI will be provided through INTERFACE (INTERdisciplinary alliance for digital Field data 
ACquisition and Exploration), a Collaborative project currently funded by NSF Instruments & Facilities 
and managed at UNAVCO, including specialized TLS data processing and visualization software tools 
developed specifically for geoscience applications. 
 
Intellectual Merit. NSF EAR research projects involve a wide range of disciplines including tectonics, 
geophysics, geology, volcanology, geomorphology and biology. High-resolution TLS imaging and 
integration with other techniques promises high science return across a spectrum of investigations. 
UNAVCO supported 150 PI-based science projects in FY-2008, including 10 projects utilizing TLS, 
demonstrating the community reach of its shared resources. The availability of TLS systems optimized 
for Earth science applications will be of significant interest and value to many EAR investigators and 
educators, especially as new TLS data collection, analysis, integration and cyberinfrastructure tools 
become available from NSF funded projects like INTERFACE and GEON. 
 
Broader Impacts. Increasing the number of qualified research users of TLS instruments will lower 
current barriers to entry into this emerging, but complex field and help develop the growing TLS 
community through equipment access with engineering services and training. This instrumentation 
supports new and exciting interdisciplinary Earth science with applications of societal and economic 
relevance, for example in the Pacific Northwest where transportation arteries are adversely affected by 
geohazards. Taught by community scientists and UNAVCO staff, UNAVCO short courses also provide 
recruitment of new and emerging science researchers. Scholarships from non-MRI sources support 
faculty, students, and post-doctoral fellows from both majority and minority populations. Highly accurate 
visualizations provided by TLS imagery present a unique opportunity to engage students and Earth 
scientists and will seed new education and outreach initiatives and materials. Finally, TLS use in a variety 
of consortia university field camps and field schools will engage a broad cross section of students who are 
future researchers. 
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Project Description
Terrestrial Laser Scanning (TLS), based on Light Detection and Ranging (LiDAR) technology, is part of 
a suite of new geodetic and imaging technologies that are becoming increasingly important to the Earth 
sciences community for use in myriad research applications. TLS, also known as ground based LiDAR or 
tripod LiDAR, offers an unprecedented capability to image at centimeter-level resolution 2.5-dimensional  
surfaces such as topography and fully 3-dimensional shapes such as cultural objects or rock or ice outcrops 
with overhanging features. TLS instruments are extremely precise, reasonably portable, relatively easy to 
operate, and have been used successfully to support a wide range of geoscience investigations including 
detailed mapping of fault scarps, geologic outcrops, fault-surface roughness, frost polygons, lava lakes, 
dikes, fissures, glaciers, columnar joints and hillside drainages. Moreover, repeat TLS surveys allow 
the imaging and measurement of surface changes through time, due, for example, to surface processes, 
volcanic deformation, ice flow, beach morphology transitions, and post-seismic slip. TLS is applicable to 
problems with areal extents at the 10 meter to kilometer level where detailed analysis is needed. Concurrent 
GPS measurements can provide accurate georeferencing of the TLS data and absolute 3D coordinates. 
Coincident high-resolution digital photography allows for the generation of photorealistic 3D images. 
TLS measurements complement SAR, airborne LiDAR, and spaceborne LiDAR techniques in providing 
smaller-scale, higher-resolution plots of important areas and by filling in areas inaccessible by these other 
techniques.

We propose to acquire two TLS instrument systems for the UNAVCO community equipment pool. These 
TLS systems will be shared resources managed by the UNAVCO Facility and integrated into UNAVCO’s 
ongoing support for NSF Earth Sciences (EAR) projects. One of the requested TLS systems will be owned 
by UNAVCO and will be available for community use year-round. The other TLS system will be owned 
by Central Washington University and will be available as part of the UNAVCO pool for community use 
on a half-time basis. Considering the expense of TLS equipment and the expertise needed for successful 
operation, this approach represents the most cost-effective means of making this technology accessible to 
the EAR research community. Additionally, enhanced support for TLS instrumentation acquired through this 
MRI will be provided through INTERFACE (INTERdisciplinary alliance for digital Field data ACquisition 
and Exploration), a collaborative project currently funded by NSF Instruments & Facilities and managed 
at UNAVCO, which includes specialized TLS data processing and visualization software tools developed 
specifically for geoscience applications.

Research Activities 

Described below are a series of science application examples that demonstrate the use of TLS as a unique 
and powerful tool for detailed 2.5D/3D mapping and, with subsequent rescanning, time-dependant estimates 
of motion, deformation or surface change. As part of this narrative, we describe the CWU personnel by 
research area, number and type who will most actively use the instrument for research and research training 
on a regular basis. For UNAVCO, specific projects and research personnel will be identified throughout the 
duration of this MRI through new individual PI science proposals to NSF-EAR; the UNAVCO Co-PIs of 
this MRI will be responsible for instrument management, operations and maintenance, training, and other 
activities related to project support.

Science Application Examples Part 1: Results from Pioneering Earth Science Studies.  
Our first suite of examples includes results from a wide range of Earth science research projects led by PIs 
who are true pioneers in exploring and utilizing TLS as a unique tool for advancing their science.

Active Tectonics, Alvord Desert, Oregon (John Oldow, University of Texas at Dallas).  TLS provided the 
high-resolution images of ancient lake shorelines cut by normal faults to assess the spatial and temporal 
pattern of Pleistocene and Holocene fault activity and changes in deformation rates within the Alvord 
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extensional basin of southeastern Oregon (Oldow et al., 2005; Oldow and Singleton, 2008). The TLS images 
were collected along a transect that crossed the basin and were geospatially referenced using GPS. The 
images were used to produce digital elevation models of faults and shoreline features with a resolution of ± 
5.0 cm which greatly exceeded the ± 3.5 m vertical resolution available using conventional digital elevation 
models (Figure 1). The spatial resolution of the TLS images, analyzed in a GIS environment, provided the 
capacity to measure decimeter and greater fault offsets and established cumulative vertical displacements of 
137 ± 3.6 m and 72.5 ± 2.8 m on faults across the basin over time scales of 105 and 104 years, respectively. 
Displacement rates determined geodetically and geologically differ substantially from the rates determined 
over intermediate time scales provided by the shoreline study and show a complex pattern of spatial and 
temporal migration within and across the basin. This study provides important insight into the complexity 
of strain release found within the Great Basin and the length and time-scale dependence of deformation rate 
estimation within extensional basins.

Post-seismic Deformation, San Andreas Fault 
(Gerald Bawden, USGS).  The next example is 
from post-seismic deformation following the 2004 
M6.0 Parkfield earthquake on the San Andreas Fault 
in central California measured using repeated TLS 
measurements at two locations along the rupture 
(Bawden, 2005; Bawden, 2006). The San Andreas 
Fault stretches beneath the western side of a bridge 
into the town of Parkfield. Capturing deformation 
at this level of detail and spatial resolution over 
short time periods would be impossible by any 
other available method. Using advanced processing 
techniques including fitting of geometric objects, 
such as bridge pilings, allows for detection of 
motion at the mm-level (Figure 2).

Natural and Anthropogenic Controls on Beach Morphology, Waimea Bay, Oahu, Hawaii (Ben Brooks, 
University of Hawaii at Manoa). This example is based on results reported by Brooks et al. (2008) 
and illustrates a unique TLS derived time series. To determine the environmental conditions and timing 
leading to long time scale and specific event changes in beach morphology, TLS topographic time series 
and offshore wave data were collected at Waimea Bay, Oahu from January through June 2007. Each TLS 
survey had better than 1cm range-resolution, average spot-spacing of ~10 cm, and had tilts removed using 
GPS-based geocoding. The TLS surveys on monthly time-scales quantified the seasonal transition in beach 
morphology and volume forced by high waves (winter) to small waves (summer). The surveys over daily 
to hourly time scales quantified the evolution of discrete morphological features such as beach cusps and 
anthropogenic foot traffic (Figure 3 on following page).

Figure 1. (a) TLS controlled by GPS in Alvord desert. (b) 10 m digital elevation model of a normal fault cutting ancient lake shorelines. (c) 30 
cm TLS-derived digital elevation model of fault-lake shore relations provides details of the structure that were not previously seen, illuminating 
the complex fault structure and displacement history.

Figure 2. TLS LiDAR imagery of the post seismic deformation field 
from the 2004 M 6.0 Parkfield  quake. Over the 10 weeks following the 
mainshock, the supports beneath the bridge moved more than 7 cm while 
the deck of the bridge moved about 1 cm. After nearly 6 months, the 
supports moved more than 11 cm and continued to deform portions of 
the bridge.
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Sinkhole Development, Daisetta, Texas (John Oldow, University of Texas at Dallas). The catastrophic 
collapse of the northwestern segment of a salt dome located beneath the town of Daisetta, TX occurred 
in May, 2008 over a period of  eight hours and resulted in a sinkhole nearly 200 m across and 45 m deep 
(Oldow et al., 2008). Terrestrial Laser Scanning by the University of Texas at Dallas developed a 3D image 
of the declivity and characterized the pattern of surface fractures outside of the sinkhole at a resolution of 
± 10 cm. The structure was rescanned in November, 2009 with the aim of assessing to degree to which 
the structure had stabilized (Figure 4 above). Analysis of the second scan and its relation to the first was 
complicated by flooding induced by Hurricane Ike during the late summer of 2009, but was successfully 
completed because of georeferencing with GPS. Growth of the sinkhole slowed dramatically following 
the initial collapse. Nevertheless, measurements of the ground surface, buildings, and trees taken after the 
initial collapse showed vertical and horizontal displacements ranging up to 1.0 and 1.2 m, respectively. 
These measurements, together with the advent of ground fractures showing several centimeters of 
displacement in a network extending over 30 m to the south of the initial sinkhole margin indicates that 
surface displacement may not be over. The geometry of measured surface displacements indicates that 
motion is not accommodated by shallow slumping into the existing sinkhole but rather reflects motion 
on deep seated fractures. The implication is that the community may still be at risk and that continued 
monitoring of the sinkhole is warranted.

Volcanic Processes and Geodynamics, Kilauea Volcano, Hawaii (Ben Brooks, University of Hawaii at 
Manoa). This example illustrates TLS as a primary tool for studying the geodynamic behavior of an active 
eruptive vent at Kilauea volcano on the Big Island of Hawaii (Brooks et al., 2007) (Figure 5 - following 
page). Two high-resolution TLS surveys of the Pu`u `Ô`ô crater floor were conducted over a period of 
10 days in July 2007. After co-registering and differencing the data sets, the research group documented: 
a) over 1 m of differential dynamic topography of the lava lake surface during the first day’s survey; b) 
over 20 m of lowering of the crater-floor lava lake surface. Additionally, it was demonstrated that the TLS 
LiDAR energy (near-infrared wavelength) effectively penetrated the dense volcanic fume present during 
the second survey. This project shows that TLS can be a very useful tool for near-field volcanic hazards 
characterization under a variety of conditions. These TLS data were subsequently integrated with additional 

Figure 3. Time series of: average elevation of the beach 
determined from TLS scans (red dots), incident wave energy 
(blue line; a function of, among other parameters, wave height 
and period – taken from a continuously recording offshore wave 
buoy). The time series clearly shows the instantaneous lowering 
of the beach following the most energetic events. The time series 
allows us to start to delineate the wave condition under which 
the beach accretes, or gains average elevation. This data set is 
unprecedented and would be impossible without a TLS system. 
Study site: Waimea Bay, Oahu, Hawaii.

Figure 4. a) aerial 
photo of sinkhole at 
Daisetta, Texas, and b) 
TLS derived DEM of 
the sinkhole showing 
faults and calculated 
displacements.

a)

b)
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datasets including GPS, tilt, gravity and InSAR (Figure 5).

Science Application Examples Part 2: Projects Utilizing the UNAVCO OPP TLS Instrument.

UNAVCO acquired a TLS system in January 2007 through an MRI proposal to NSF OPP (NSF-ANT-
0723223). This instrument has been fully subscribed since acquisition, and frequently oversubscribed. It 
is currently in use in Antarctica at the time of writing; Polar Programs projects have priority. This section 
highlights a few of the PI research projects that have used this instrument.

Volcanic Processes at Mt. Erebus, Antarctica (Philip Kyle, New Mexico Institute of Technology). In 
January 2009, the very first TLS survey of the lava lake within Mt. Erebus, Antarctica was performed by 
UNAVCO. Mount Erebus is the world’s southernmost active volcano and has been the target of ongoing 
NSF-OPP sponsored studies. At 3794 m elevation Mt. Erebus presents a challenging environment for field 
work. It has many unique features, including a convecting lake of molten 1000 °C anorthoclase phonolite 
magma. This lava lake is an important source of volcanic gases that are emitted into the Antarctic atmosphere 
and then widely dispersed over the Antarctic continent. Due to the nature of the crater’s near-vertical walls, 
it has been difficult to characterize the geometry and scale of features within this dynamic Inner Crater. The 
use of TLS technology provides fundamental data needed to improve understanding of Erebus as a volcano. 
Recent observation of the lava lake using radar (Gerst et al., 2006), Fourier-transform infrared spectroscopy 
(Oppenheimer and Kyle, 2008), and thermal images made in 2004 and 2005 (Calkins et al., 2007) and in 
December 2006 (Sawyer, personal communication, 2007) show that the lava lake displays an approximately 
10-minute cycle, perhaps related to convection, a new phenomenon in volcanology. This cycle is clearly 
related to processes occurring in the conduit that feeds the lava lake. It is therefore essential to measure the 
surface elevation of the lava lake with a high time resolution, for which TLS is an ideal tool. 

Terrestrial Laser Scanning across a Ridge-Transform Intersection, North Iceland (Peter LaFemina, The 
Pennsylvania State University). Investigation of surface deformation across active plate boundaries allows 
us to better understand the mechanisms of relative plate motions. In the case of mid-ocean ridges, these 
studies also allow us to investigate how new lithosphere is formed. By combining both short term (geodetic) 
and long-term (geologic) estimates of surface deformation across plate boundaries, we can better understand 
how these systems evolve over time. This NSF-EAR Tectonics-funded project uses geodetic (GPS, TLS) 
techniques to study the short and long-term evolution of this plate boundary zone. The UNAVCO OPP TLS 
system is being used to investigate the formation and geometry of normal and strike slip faults across the 
plate boundary. The intersection of the Theistareykir fissure swarm (ridge) with the Husavik-Flatey fault 
system (transform fault) in northern Iceland is a stunning example of plate boundary zone deformation 

Figure 5 (left). Photo of Pu’u O’o vent, Kilauea volcano, Hawaii, looking west. Photo icons indicate TLS scan sites. Red curved arrow 
indicates flow direction of the lava lake from the upwelling site at the East Vent towards the west. Cyan circles are kinematic GPS sites. (right) 
TLS differential maps generated to assess ground motions, derived from two scans over a 10-day period from July 14 to July 24, 2007.
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and more specifically, ridge-transform intersections, which are typically not exposed sub-aerially.  These 
data and analyses comprise the bulk of Ms. Caroline O’Hara’s M.Sc. Thesis at The Pennsylvania State 
University. Furthermore, high-resolution TLS data allow for the investigation of lava flow morphology in 
this magmatically active area. Peter LaFemina is committed to continuing and expanding TLS applications 
to research with students, and has provided a statement confirming substantive collaboration efforts and 
usage of the instruments requested by the MRI (Figure 6).

Landscape Evolution (Greg Tucker, University of Colorado). Although landscape evolution is often 
considered to be a very slow process, with rates of denudation over large areas ranging from microns to 
millimeters per year, there are many instances of geomorphic systems that develop and change far more 
quickly. Examples include gully networks, river channel forms, sand dunes, coastal cliffs, and steep hill 
slopes, which are challenging environments for collecting data on rates and patterns of land-surface change. 
Repeat hand surveys of features such as channel cross-sections are highly labor intensive and produce 
data of limited resolution and coverage. TLS could revolutionize measurement of inter-annual topographic 
change at the centimeter to decimeter level, testing process-based models of erosion, sediment transport, 
and landscape change, one of a growing number of new applications of TLS in geomorphology (e.g., Tucker 
and Bradley, 2008; Feliciano Bonilla et al., 2008), and others at the Studying Earth Surface Processes with 
High-Resolution Topographic Data Workshop held in Boulder, CO, 16-18 June 2008). The West Bijou 
Creek study site east of Denver, CO (Tucker et al., 2006) provides a unique natural experiment on rates and 
patterns of landscape change in active gully networks, active over decades to millennia (Figure 7). Questions 
include: how is sediment mass redistributed, and what processes can best account for that redistribution? To 
what extent is head-scarp retreat dominated by slab detachment versus plunge-pool scour? How significant 
is winter-season scarp-face weathering in driving retreat? Greg Tucker is committed to continuing and 
expanding TLS applications to research endeavors conducted with students, and has provided a statement 
confirming substantive collaboration efforts and usage of the MRI instruments.

Science Application Examples Part 3: Central Washington University Projects Including Tectonic 
and Fluvial Geomorphology, Paleoseismology and Student Research.  

Here we describe research projects led by Central Washington University (CWU) that will benefit from the 
time-shared TLS instrument they will acquire through this MRI proposal. Integrated use of high-resolution 

Figure 6. a) photo and b) TLS point cloud of fault zone in northern Iceland. TLS data collected in July 2008 across a ~500 m2 area combined with 
geodetic and structural data, are being used to investigate the change in fault geometry and kinematics across this intersection.

Figure 7. a) Photo and b) TLS point cloud of landscape evolution study site at West Bijou Creek, CO.
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topography will further existing CWU research in six areas: imaging fault scarps, earthquake-related 
subsidence, avalanche paths, snow pack assessment, sediment infilling of reservoirs, channel incision 
processes, and geoarcheology. Several of these projects are EAR-funded or pending, one is pending 
consideration by NSF’s Anthropological Sciences, and the snow science and Seattle applications are 
developmental with direct implications for the regional economy and transportation corridors. The benefit 
to CWU’s spectrum of field courses in Geological Sciences, Anthropology and Resource Management is 
discussed in a later section.

Fault analyses (Charlie Rubin, Beth Pratt-Sitaula). Key regional TLS targets for fault scarp imaging 
are: (1) the San Andreas fault and eastern California shear zone, (2) Nepal, and (3) Taiwan. TLS imaging 
of offset streams and hillslope features (e.g., streams, ridges and alluvial fans) provide precise estimate of 
along strike fault offset at the centimeter-scale over time scales of 104 to 105 yrs. (Figure 8).  Here, we will 
build on earlier work that focused on faults that ruptured during the 1991 Landers and 1999 Hector Mine 
earthquakes (Rubin and Sieh, 1997; McGill and Rubin, 1999; Madden, et al., 2006), the 1951 and 1999 
earthquakes in Taiwan (Streig et al., 2007) and the Owens Valley fault and associated normal faults along 
the eastern flank of the Sierra Nevada Mountains (Lee et al., in press, 2007 and 2001). Recent studies along 
the Carrizo segment of the San Andreas fault have greatly refined slip per event estimates; similar offsets 
for the latest six events suggest consistency in the properties that control slip (Lui, J., et al., 2006; Liu-Zeng 
et al., 2006).

Pending funding, Pratt-Sitaula 
plans to expand a CWU 
network of permanent GPS 
stations in Nepal to monitor 
intermontane fault activity. The 
addition of TLS capabilities 
would expand graduate student 
research opportunities to 
include detailed fault analysis, 
currently limited to air photo 
and paleoseismic investigations 
(e.g., Nakata, 1982; Saijo 
et al., 1995). This project 
includes the development of 
a significant collaborative 
partnership between CWU 
and geoscientists at Nepal’s 
national university, Trihuvan.

Earthquake-related subsidence (Charlie Rubin). TLS imaging offers better resolution of the effects of 
great subduction zone earthquakes in both Sumatra and Seattle, WA. With ongoing NSF Tectonics support, 
Rubin and his collaborators are establishing a historic record of subduction zone earthquakes and tsunamis 
along the southern part of the plate margin that ruptured in the December 2004 Aceh-Andaman earthquake, 
targeting a region that subsided up to 2 m in the 2004 earthquake and probably sustained similar episodes 
of subsidence in earlier earthquakes. A laterally extensive paleoberm that records relative sea level fall since 
c. 5000 yrs BP has poorly preserved buried soil horizons (Kelsey et al., 2007). TLS imaging of the berm 
will constrain the coastal geomorphic setting and subsidence. We will also provide training to Indonesian 
geologists and students in modern surveying using ground-based LiDAR. CWU is also currently monitoring 
urban earthquake hazard using continuous GPS stations mounted on the Alaska Way viaduct, an elevated 
section of freeway that parallels the Seattle waterfront. Despite 2001 Nisqually earthquake damage and 
ongoing subsidence, it remains open; considerable controversy surrounds its future. TLS will characterize 

Figure 8. (a) Aerial photograph of the San Andreas fault, Carrizo segment, California. (b) Quaternary 
geologic map. Small drainages a few hundred of meters southeast of Wallace Creek show variations 
of offset during past surface ruptures. Four channels downstream from the fault are offset from a 
single upstream channel.
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the integrity and the full deformation field that quantifies the subsidence of the viaduct. 

Avalanche path analyses (Charlie Rubin). TLS imaging of avalanche paths along the I-90 corridor could 
mitigate hazards along the major east-west transportation route in Washington State. Run out distance of an 
avalanche is a key parameter for hazard studies. The best methods of determining runout distances are long-
term historic records, which are not well understood. Ongoing studies by Rubin and his colleagues from 
the Washington State Department of Transportation (WSDoT) have shown that weather factors including 
temperature and precipitation appear to be driving factors relating to glide events and avalanche failure 
(Stimberis et al., 2006 and 2008). WSDoT estimates the economic impact of an I-90 closure at $6 million 
per day (www.wsdot.wa.gov). 30-cm resolution DEMs based on TLS will precisely determine terrain 
variables that control runout for deterministic and probabilistic models.

Snow pack assessment (Beth Pratt-Sitaula). Pratt-Sitaula and colleagues have a pending NASA Terrestrial 
Hydrology proposal to improve snow pack assessment in the Himalaya where melt water provides a critical 
dry season water source for agriculture, human consumption, and hydropower. The application of TLS would 
greatly augment foot-based transect measurements of snow water equivalent by synoptic observations of 
snow depth change across large hill slopes following a storm cycle. Similar analyses could be applied in 
the Cascades in conjunction with CWU’s NSF funded GK-12 program. Pratt-Sitaula has already involved 
local 9th grade classes and their CWU graduate fellow in snow pack analyses for use by the WSDoT and the 
National Oceanic and Atmospheric Administration (NOAA).

Reservoir filling rates (Beth Pratt-Sitaula). Sediment infilling reservoirs is a major limiting factor for 
infrastructure. Sedimentation rate can provide key information about the hillslope and tectonic processes of 
the catchment area. Pratt-Sitaula is leading a program for NSF GK-12 project graduate students and teachers 
to research interdisciplinary watershed issues in Nepal in the summer of 2009, focusing on “Environmental 
and social impacts of hydrodam installation”. Nearly all of Nepal’s electricity is generated by hydropower, 
yet many components (such as sedimentation rate) of the system are very poorly documented. The work 
done by these students and teachers on monsoonal sediment flux could augment future TLS research on 
sedimentation rates of Nepali hydropower reservoirs. TLS imagery of sequential dry season reservoir wall 
topography would allow estimates of filling rates. Likewise, the water reservoirs in the upper Yakima River 
catchment (above CWU) are emptied of water annually allowing imaging to assess sediment fill rates.

Impact of natural dams on river channel evolution (Lisa Ely). Rates of channel incision through bedrock 
set the pace and pattern of landscape evolution in uplifted regions. Frequently, bedrock incision rate is 
represented as a function of excess stream power or excess shear stress. What are the dominant controls 
on these quantities in space and time? With NSF support [EAR-0617234], Ely and collaborators E. Safran 
(Lewis and Clark College) and K. House (University of Nevada, Reno), are currently researching pronounced 
local discontinuities in the factors that govern river incision through bedrock – discontinuities introduced 
by episodic, large-scale mass delivery from interfluves to channels. The impacts of these “extra-fluvial” 
events, such as landslides and lava flows, on valley evolution have garnered increasing attention in recent 
years (e.g., Crow et al., 2008; Ouimet et al., 2007; Korup, 2004; Hewitt, 1998).  Together with funded 
supplemental airborne laser scanning (ALS) by NCALM, TLS will resolve constraints on hydrodynamic 
and sediment transport models of catastrophic breaches of natural dams from landslides and lava flows in 
the Owyhee River. High-resolution imagery of flood boulder bars and landslide blockages will facilitate 
the mapping and measuring of individual clasts composing the bouldery flood deposits downstream from 
breach sites. This imager will allow comparisons of sediment transport and deposition against the maximum 
shear stress estimates provided by the hydraulic models. Finally, the TLS could be employed during low 
summer flows to characterize the basal topography of the bedrock channel itself at key points for use in 
hydraulic modeling or for determining channel elevation for incision rate calculations.
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Geoarchaeology and Holocene climate, volcanic highlands of central Mexico (Lisa Ely, Steve 
Hackenberger). Pending NSF Anthropology funding, Ely and Hackenberger continue field course-
embedded anthropological investigations in West-Central Mexico: “What are the biological and cultural 
origins of Purépecha people?” Anthropological and archaeological data on both ancient and modern peoples 
in Michoacán fall far short of the knowledge base for most all other areas of Mesoamerica (Joyce, 2004; 
Pollard, 1993). Studies in this region are urgent due to ongoing looting and destruction of cultural heritage 

sites studied over three decades. A valuable 
initial application of TLS would be to 
preserve a record of these archaeological 
sites while they still remain intact and as the 
excavations are proceeding (Figure 9).   An 
important aspect of this multi-faceted project 
is the geological and paleo-environmental 
setting of the highland archaeological sites, 
which focuses on the 8,000 year record of 
environmental change captured in fluvial, 
lacustrine and volcanic tephra sediments that 
have accumulated on the floor of La Alberca 
volcanic caldera in the central Mexican 
highlands, and at a site of multiple terraced 
rock structures (yacatas) near the caldera rim 
(Figure 9). Bimodal shift in the sedimentation 
pattern appears to be driven by the interplay 
between regional climate changes and the 
supply of tephra blanketing the watershed 
after volcanic eruptions (O’Hara, 1993; 
Bridgwater et al., 1999; Metcalfe et al., 2000; 
Davies et al., 2004).

Integration of TLS with Other Geodetic and Imaging Techniques and Datasets.

Its unique high resolution capability and relative ease of deployment make TLS a potentially very useful 
tool for enhancing, complementing and comparing to datasets acquired by other imaging techniques such as 
Airborne Laser Scanning (ALS), a.k.a. airborne LiDAR, spaceborne LiDAR, and Synthetic Aperture Radar 
(SAR). TLS can provide a means of 1) acquiring very high resolution imagery in order to provide a closer 
look at areas of interest more coarsely imaged by other techniques, 2) acquiring imagery that would fill in 
the gaps when other techniques break down, such as decorrelation of InSAR, and 3) providing a critical 
element of calibration and ground-truthing for remotely sensed observations.

The integration of TLS and ALS imagery is a rapidly emerging area of interest within the Earth science 
community with numerous projects begun or planned (e.g. Bellian et al., 2003; Kayen et al., 2008; Bruce 
Marsh, personal comm.; Kenneth Hudnut, personal comm., Carol Prentice, personal comm.).Of particular 
interest to the Earth science community is the potential for integration of TLS data with ALS data acquired 
by UNAVCO as part of GeoEarthScope. UNAVCO acquired nearly 6,000 km2 of high resolution ALS 
data as part of GeoEarthScope, a component of the EarthScope Facility construction project funded by the 
National Science Foundation.

Integration of TLS and ALS for Landscape Evolution Studies (Greg Tucker, University of Colorado). 
Analyses of landform change can benefit from integrating TLS with ALS mapping. For example, the West 
Bijou Creek, Colorado site described previously is covered by a ~25 km2 ALS dataset at 1-m resolution. 
This ALS dataset provides a valuable baseline against which future change, measured with TLS, may be 
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Figure 9. Topographic map and aerial photo of La Alberca Caldera.. TLS 
resolution of fluvial and lacustrine features in the caldera will assist with 
paleoenvironment reconstruction. Detailed TLS site maps of the rock shelter and 
walls of the caldera will set the archaeological site in its volcanic context. High-
resolution TLS imaging of trenches in the caldera sediments would facilitate a 
systematic, statistical analysis of the millimeter-scale sediment and tephra layers 
and rock shelter with its human remains and cliff paintings. Imaging of volcanic 
surfaces (Newton et al., 2005; Segerstrom, 1958) would further guide selection of 
promising tephra chronometers and characterizing surface morphology.
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compared and differenced. It also enables rapid and efficient identification of key geomorphic features such 
as gully head scarps, which can then be targeted for TLS acquisition without requiring significant on-the-
ground reconnaissance efforts before a data collection campaign. 

Integration of TLS and InSAR for Wetlands and Forest Studies (Shimon Wdowinski, University of Miami). 
Wetland InSAR is a relatively new application of InSAR technology that allows space-based detection of 
surface water level changes in wetlands and floodplains where vegetation emerges above flooded areas. 
Pol-InSAR is also a new technique that uses multi-polarization SAR data to estimate vegetation structure 
in forests. In both cases the SAR observations are sensitive to the vegetation, as a significant portion of 
the radar signal is scattered from the vegetation. Because the InSAR observations are relative in both time 
and space as they measure changes between two acquisitions relative to a reference point, it is important to 
calibrate the space based measurements with ground observations. To this end, TLS will be used to calibrate 
vegetation structure, particularly calibration plots. Such work has previously been done using measure 
tapes or optical instruments. TLS will enable the calibration plot to be mapped accurately, systematically 
and quickly. Shimon Wdowinski has provided a statement confirming substantive collaboration efforts and 
usage of the instruments requested by the MRI.

LiDAR Data Visualization and Analysis (Louise Kellogg, University of California, Davis). The 
KeckCAVES at the University of California, Davis is developing methods to analyze and visualize LiDAR 
data, including TLS, to maximize the scientific return. One challenge presented by TLS data is that data sets 
can contain billions of unstructured (scattered) 3D points, each with their (x, y, z) position and an associated 
intensity or color value. Although the points sample surfaces in 
the surveyed region, the data do not contain any relationships 
between points - the underlying surfaces must be reconstructed 
from the points. The KeckCAVES group is developing software 
that enables users to explore and work with data interactively 
(Figure 10). This software also contains analysis, measuring, 
and interpretation tools, including an interactive selection tool 
to mark subsets of points defining a single feature, algorithms 
to derive equations defining the shape of such features, and 
algorithms that automate some feature-extraction tools. The UC 
Davis group will make these tools available to scientific users 
of the TLS instruments. The software runs on Linux and Mac 
OSX platforms and can be used with a range of visualization 
environments, ranging from fully immersive CAVE systems, to GeoWalls, to desktop systems.

Integration and Synergy with INTERFACE (John Oldow, Carlos Aiken, UT Dallas; Doug Walker, KU; 
Ramon Arrowsmith, ASU; Charles Meertens, David Phillips, UNAVCO). Research teams of the NSF 
funded INTERFACE (INTERdisciplinary alliance for digital Field data ACquisition and Exploration) 
project have carried out numerous field activities developing acquisition methods for TLS and conducting 
application exercises. Field projects involved work in several areas of the United States and Canada. In 
addition, the INTERFACE team has developed software and scheduled a workshop to facilitate growth of 
TLS in research and education.

The field research activities spanned a broad range of topical interests. In one study, the University of Texas 
at Dallas (UTD) collaborated with the University of Calgary to carry out a detailed characterization of the 
3D distribution of lithofacies in Cretaceous sandstone of the Rocky Mountain foreland basin in southeastern 
Alberta to determine the spatial variability of unit permeability and porosity. Work involving the UTD and 
Arizona State University focused on the reoccupation and detailed imaging of the Emerson fault scarp of 
southeastern California that was formed during the 1992 Landers earthquake in order to quantitatively 
assess degradation of the scarp over time. In a similar investigation, UTD characterized the Independence 

Figure 10. U.C. Davis 3D CAVE immersive system 
showing a user working with a TLS scan.
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fault in eastern California and the Dixie Valle, Sana Rosa, and Bog Hot Valley faults of Nevada to assess 
whether an erosional diffusivity constant can be estimated from scarps developed 60, 130, 4600, and 
12,300 years ago. A rapid response deployment was made by UTD to characterize the sinkhole (600 m 
wide and 45 m deep) that catastrophically engulfed part of the town of Daisetta, Texas in May, 2008 and 
provided the baseline for a reoccupation of the structure in November to assess the future hazard potential 
of the structure. Detailed 3D characterization using TLS and photogrammetric methods were used by the 
UTD team on a Pleistocene to Holocene low-angle normal fault bounding the Wassuk Range of Nevada to 
develop acquisition and analysis tools needed to decipher the complex pattern of superposed fractures in 
the fault zone footwall and hanging-wall. In a collaborative study between UTD, the University of Kansas, 
and the University of New Mexico that also involved researchers from the University of Nevada Reno and 
the Pennsylvania State University, fault scarps and pluvial shorelines in Panamint Valley of southeastern 
California were imaged by three LiDAR scanners to assess repeatability in the characterization of natural 
surfaces and will provide real world estimates of the types the signals that can be measured in time-series 
studies of geomorphic change.

Results from Prior NSF MRI Support

NSF MRI ANT-0723223, “Acquisition of a Terrestrial Laser Scanning System for Polar Research”, 
7/11/2007-7/10/2009, $233,205, PIs: C. Meertens, B. Johns, D. Phillips, UNAVCO; P. Kyle N. Mex. Tech. 
This Optech ILRIS-3D TLS has been fully subscribed (even oversubscribed) since commissioning. Projects 
supported in Antarctica include McMurdo Dry Valleys (B. Marsh, Johns Hopkins), glacier calving fronts 
(A. Fountain, Portland State), geologic outcrops (R. Ackert, Harvard) and (A. Ashworth, N. Dakota State), 
frost polygons (R. Sletten, U. Washington), and Mt. Erebus lava lake (P. Kyle, N. Mexico Tech). Other 
projects include cliff and dam mapping, Arkansas (C. Aiken, U. Texas, Dallas), Iceland land forms such as 
dikes, fissures, glaciers, columnar joints and quarries as part of a field course (S. Anandakrishnan, Penn. 
State), Bijou Creek landscape evolution (A.Sheehan, U. Colorado), Iceland magmatic dikes (P. LaFemina, 
Penn. State), NASA TLS Workshop (C. Meertens UNAVCO, C. Ma, GSFC). Regarding experiences with 
operations and maintenance, some minor damage to equipment necessitated adjustments in shipping and 
handling procedures. There were no failures of the equipment in the field, but a calibration error made by the 
manufacturer after routine maintenance rendered the instrument inoperable for the NASA TLS workshop. 
The TLS was sent back to the manufacturer who corrected the problem at no cost and there have been no 
further issues. 

NSF EAR-0107114, “Collaborative Research: Patterns of serial fault rupture in Taiwan and NSF 
Supplements: 2002 Denali earthquake and paleoseismic studies in southern California.” 08/30/05-
1/01/2009, $370,877, P.I.-C. M. Rubin CWU; and K. Sieh, Caltech. We studied the surface rupture from 
the 1999 Chi-chi earthquake, Taiwan, located and prioritized paleoseismic sites, and assisted our Taiwanese 
colleagues in establishing PBO-Taiwan. (Fengler et al., 2004, in review ; Gray et al., 2006; Huang et al., 
2003, in press; Lee et al., 2001; Lee et al., 2004; Rubin et al., 2001; Streig et al., 2002; 2003; 2007). 
Research involved undergraduate and graduate students from Taiwan and the USA. Products include two 
senior theses; four masters theses and PhD dissertation (Caltech). Post-Denali earthquake studies resulted 
in Eberhart-Phillips et al., (2003) and Meriaux et al. (in press,). In other NSF investigations, Chris Madden 
(MS student) investigated the Mesquite Lake fault, eastern California shear zone (Madden et al., 2006).

NSF EAR-0617234, “Collaborative Research: Impact of Extrafluvial Events on River Valley Evolution;” 
8/1/2006-7/31/2008, $154,665 (CWU), P.I. Lisa L. Ely; and P. Kyle House, Univ. Nevada and Elizabeth 
B. Safran, Lewis and Clark College. The goals of this ongoing project are 1) to develop a conceptual 
understanding, supported by related calculations, of how incursions from lava flows or landslides affect 
channel incision and valley widening in uplifted volcanic plateaus; and 2) to document the regional 
distribution of such processes and the dominant controls on that distribution. Dissemination of Results: 
4 M.S. theses (Brossy, 2007; Vandal, 2007; Othus, 2008; Orem, in progress); 5 undergraduate projects. 
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Publications; O’Connor and Beebee (in press); Brossy et al., in prep. for GSA Bull; Safran et al., in prep for 
GSA Bull.; House et al., Geologic map in prep. (Oregon Dept. Geol.); 10 published abstracts. 

NSF Cooperative Agreement EAR-0735156, “UNAVCO Community and Facility Support: Geodesy 
Advancing Earth Science Research”, 1/1/2008–12/31/2012, $4,741,612 (Year 1 Funding). PIs: Meghan 
Miller, Charles M. Meertens, UNAVCO. UNAVCO, Inc. is a non-profit member-governed organization 
that supports and promotes Earth science by advancing high-precision geodetic and strain techniques such 
as the Global Positioning System (GPS), InSAR, and borehole strain and tiltmeters. There are currently 
over 136 UNAVCO Members and Associated Members. Through this core NSF Cooperative Agreement, 
UNAVCO operates a Facility that provides engineering, an equipment pool, data, archiving, and information 
technology support to NSF (EAR and OPP), and NASA-funded peer-reviewed projects to study earthquake 
processes, mantle properties, active magmatic systems, plate boundary zone deformation, intraplate 
deformation and glacial isostatic adjustment, global geodesy and plate tectonics, global change, and polar 
processes. Additionally, UNAVCO supports UNAVCO Community activities including bi-annual national 
Science Workshops, short courses at the Facility, external advisory committee meetings, and support for 
education and outreach activities. Detailed reports of UNAVCO Facility activities and PI projects supported 
can be found at: http://www.unavco.org. 

NSF Grant ANT-0619908, “Collaborative Research: Development of a Power and Communication 
System for Remote Autonomous GPS and Seismic Stations in Antarctica”, 10/1/2006–09/30/2009, 
$641,182. PIs: Charles M. Meertens, Bjorn Johns, UNAVCO.  This MRI project is developing power 
and communications systems to support the operation of seismometers and GPS receivers in the extreme 
Antarctic environments. These systems are allowing a new class of geophysical questions to be approached, 
in areas as varied as ice sheet movement, plate tectonics, and deep earth structure. This project develops 
research infrastructure of potential use to many scientific disciplines, and as a facility product it is made 
available to a broad range of investigators substantially reducing their barriers to entry for making year-
round polar observations.

NSF Grant DGE-06-3864, “GK-12: Yakima Watershed Activities To Enhance Research in Schools” 
03/01/07-02/12/12, $2,931,200 (CWU). P.I.s Carey Gazis, Martha Kurtz, Beth Pratt-Sitaula, Ian 
Quitadamo, and R Steven Wagner. Project PIs, graduate students, and K-12 teachers and students are 
researching interdisciplinary watershed science in Washington state and Nepal, including work related to 
hydrodam emplacement and snowpack assessment. Preliminary work was presented at the AGU Annual 
Meeting 2007.

Description of the Research Instrumentation and Needs 

We are requesting two Terrestrial Laser Scanning (TLS) instruments with ancillary system components. 
One of the instruments will be based at the UNAVCO Facility in Boulder, CO; the other instrument will be 
based at Central Washington University in Ellensburg, WA. From these bases of operation, both instruments 
will be deployed to remote field research areas most of the time. Both instruments will also require regularly 
scheduled calibration/maintenance work to be performed at the manufacturer’s facilities. The two proposed 
instruments will have similar  or identical specifications so, for simplicity, we describe here the components 
of a single system. The specific examples given are representative and based on equipment currently used 
and endorsed by our community. However, we intend to identify the final system to be procured via a formal 
request for proposals (RFP) process.

Based on our experiences and those of the greater community, a TLS system should consist of: 1) a scanner 
that operates at the appropriate range and scan rate; 2) a high-resolution digital camera; 3) computers 
including PDA controllers, laptop computer and desktop computer; and 4) specialized TLS software. 
Ancillary equipment such as batteries, cables, tripods, ruggedized transport cases, etc., to support the system 
is required and included in the budget but not discussed in detail here. 
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Terrestrial Laser Scanner. The heart of the 
acquisition system is the laser scanner (Figure 
11). Scanners are capable of producing a 
3D topographic model quickly, typically at 
collection rates of thousands of points per 
second, capturing about 0.1 km2 of outcrop 
area per hour at highest sample density. These 
instruments produce data in a local coordinate 
system, similar to traditional surveying 
measurements, and must be georeferenced 
with high-accuracy GPS receivers to position 
independent scan targets or to integrate other 
sources of data.

As TLS technology continues to evolve, 
scanner options continue to expand and 
there currently exists a range of models 
from different manufacturers with various 
combinations of features and characteristics. Important criteria for Earth science research applications 
include scan resolution, effective measurement range, mobility and cost. At present, two particular scanner 
models are used by several members of our community and are known to provide the performance 
characteristics required for the intended applications; these are the Optech ILRIS-3D and the Riegl LMS-
Z620. These scanning systems are roughly comparable in terms of accuracy, range, mobility and cost. 
The Optech ILRIS-3D is the model used as the basis for our budget. Scanners that provide full waveform 
analysis rather than simple first/last return measurements have also recently become available and are likely 
to be of great interest to our community. 

High-Resolution Digital Camera. A detailed topographic model produced by TLS forms the foundation 
for spatial analysis and interpretation. However, geoscientists interact better with actual outcrop or surface 
imagery when collecting geologic information (as witnessed by the explosion in the use of orthophotography 
in field geology). We therefore use a high resolution digital camera mounted and calibrated to the TLS to 
collect images of the area scanned by the TLS. TLS systems are capable of integrating a digital camera 
directly with data collection so that the image is mapped onto the points collected by the scanner. Other 
techniques also allow the draping of the image onto topography.

Computers. A laptop computer and two handheld PDA control/TLS programming computers (one as an 
operational spare) are typically used to support the TLS system in the field, complemented by a dedicated 
desktop computer for post-processing and analysis. The laptop computer will be used to perform essential 
field functions such as operating the TLS, gathering geologic information, and interfacing with the RTK 
GPS.  The laptop computer will be capable of basic TLS data analysis in the field for purposes of onsite data 
verification and quality checking. A desktop computer or server with enhanced processing power, memory 
and graphics card is needed for complete data processing and analysis.

Software. Raw TLS data form an array of thousands to billions of individual points (point cloud) that 
represents the imaged surface. These data, however, must undergo several processing steps in order to be 
useful, including combination and alignment of point datasets, generation of topographic surfaces, and 
georeferencing. Specialized analysis software is therefore required. The particular software suite to be 
acquired through this MRI will depend on the scanner hardware. For example, the TLS system used as 
the model for our budget, the Optech ILRIS-3D, includes one portable license for Innovmetric PolyWorks 
IMAalign software as part the instrument bundle. PolyWorks is an industry standard tool that includes 
modules that allow the aligning of point clouds, the creation of triangulated meshes from the points, the 

Figure 11. RESESS Intern Emanuelle Feliciano Bonilla operating a UNAVCO 
Optech ILRIS-3D scanner at Bijou Creek Colorado. A UNAVCO pool GPS RTK 
system is mounted on the scanner. GPS equipment are available from UNAVCO 
and are therefore not requested in this proposal. A high resolution digital camera 
calibrated to the TLS can be mounted where the GPS is mounted in this photo.
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efficient editing and clean-up of the models, and georeferencing with the use of control points, modeling 
of simple geometric features, and even integration of digital photography with point clouds. Like most 
commercial LiDAR software, annual maintenance fees are also required for PolyWorks license keys. 
Other commercial software packages such as Applied Imagery Quick Terrain Modeler can be used for 
post alignment analyses such as building surface models and calculating volumes and change detection. In 
addition to, and in some cases in place of, these commercial software packages, TLS software tools have 
recently been developed by GEON and INTERFACE that provide features and capabilities optimized for 
Earth science research applications. 

Current Availability of Comparable Instrumentation. TLS instruments are presently owned by several 
individual organizations but due to their expense and the expertise needed for successful operation and 
maintenance, only a small number are currently available for community use. Instruments acquired through 
this MRI will result in a significant increase in TLS instrumentation availability. The pool approach 
described here and successfully demonstrated by the instrument acquired by UNAVCO through the NSF 
OPP MRI illustrates that this is the most cost effective means of making this technology accessible to 
the EAR research community. Other TLS instruments that are currently available to the community are 
described in the Facilities section of this proposal.

Impact on Research and Training Infrastructure

This MRI project funds the acquisition of two TLS systems by the UNAVCO Facility and CWU for 
community science projects, with the goal of maximizing the duty cycle for these expensive instruments. 
TLS technology is evolving rapidly; shared use and coordination with INTERFACE and GEON activities 
ensures efficient utilization, seeding of new applications, and student participation over the anticipated 
five-year lifetime of the instruments. This project will reach across all university levels in building research 
and education infrastructure and even touch high school students and teachers through CWU’s GK-12 
program.

UNAVCO Short Course Series (J. Oldow and C. Aiken, UT Dallas and D. Phillips, UNAVCO). 
UNAVCO operates a successful short course series that has proven very effective for technology transfer 
to community research faculty and graduate/upper level undergraduate students.  These courses involve 
technique or software specific training, typically at the Boulder facility and occasionally at a national science 
meeting to reach an even broader audience.  UNAVCO and INTERFACE personnel will present a TLS 
training course for 15-25 participants at the Geological Society of America (GSA) 2009 Annual Meeting in 
October, 2009, funded by UNAVCO and INTERFACE using non-MRI funds.  UNAVCO has limited funds 
in its cooperative agreement to continue TLS courses during the period of this proposed grant.

Student Research Internships (Susan Eriksson, UNAVCO). UNAVCO’s diversity-building internship 
program RESESS (Research Experiences in Solid Earth Science for Students) has already undertaken a 
TLS project, providing hands-on training under the mentorship of University of Colorado scientists Anne 
Sheehan and Greg Tucker. Emanuelle Feliciano Bonilla, an undergraduate at the University of Puerto Rico 
and second year RESESS intern in the summer of 2008, did TLS field acquisition and data processing of 
gully erosion at West Bijou Creek, Colorado.  This research was presented at the American Geophysical 
Union Fall 2008 Meeting (Bonilla et al., 2008) and is summarized at http://www.unavco.org/research_
science/science_highlights/2008/tls2008_summer_project.html. UNAVCO will continue to seek mentors 
to support RESESS student research using TLS.  

Student Research at UNAVCO Member Institutions (Beth Pratt-Sitaula, CWU; Guoquan Wang, 
University of Puerto Rico). The UNAVCO facility provides infrastructure for using TLS in ongoing 
research programs at collaborating and other UNAVCO member institutions in support of student research.   
For example, Beth Pratt-Sitaula’s snow and reservoir filling applications, above, include roles for high 
school students and teachers as well as graduate fellows seeking Master’s degrees at CWU. Guoquan Wang 
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plans real-time landslide monitoring with integration of high-precision GPS and TLS in Puerto Rico to 
significantly improve understanding of Puerto Rico’s greatest geohazard. Professor Wang is committed to 
continuing and expanding TLS applications in research conducted by himself and his students, and he has 
provided a statement confirming substantive collaboration efforts and usage of the instruments requested 
by this proposal. An added benefit is the opportunity to disseminate these results of TLS and its application 
to Caribbean hazards across all levels of the K-12 education program already in place with the Puerto Rico 
Seismic Network.   

Field Courses (John Oldow, U. Texas, Dallas; Doug Walker, University of Kansas; Bruce Douglas, 
Indiana University; Jeff Lee, Beth Pratt-Sitaula, Morris Uebelacker, Lourdes DeLeon, Central 
Washington University; John Dilles, Oregon State University). There are many opportunities to support 
field courses including the topical field schools in geology, archeology, and resource management at 
CWU and geology field camps at several member institutions.  CWU field experiences are cooperative, 
multi-disciplinary courses combining traditional geologic mapping with techniques developed for sub-
surface, geophysical, and remote-sensing applications. As a part of the INTERFACE project, UTD and 
KU are developing new modules for teaching TLS in geology field courses and classes. Course-embedded 
integration of GPS, GIS, TLS and other remote-sensing research topics supports development of technology-
savvy, next generation geoscientists. Specifically, UTD will use TLS in the courses Cybermapping I and II 
and Geospatial Analysis and as a module in their summer field course. These developments could extend 
to Indiana University Geologic Field Station (Montana) andthe combined CWU/OSU geology field camp 
(eastern Oregon) – together these programs reach hundreds of students from over 30 universities – as well 
as numerous other field schools at CWU and other UNAVCO member institutions.

Management Plan

Enhancement and growth in TLS support and capability has been specifically targeted as part of UNAVCO’s 
new community developed Strategic Plan. Initial development of the expertise to effectively acquire field 
data in a range of conditions, to evaluate instrument performance, to develop training procedures and 
documents, and to develop highly precise and accurate processing methods is currently funded through the 
UNAVCO collaborative NSF EAR-IF funded INTERFACE project. In the longer term it is expected that TLS 
will become part of the UNAVCO Facility’s core funded operations. An overview of UNAVCO’s services 
and resources is provided in the Facilities, Equipment and Other Resources section of this proposal. 

Instrument Operation and Anticipated Costs and Technical Expertise Needed to Maintain and Operate 
the Instrument. The UNAVCO Digital Imaging Project Manager (PM) will be primarily responsible for the 
UNAVCO TLS instrumentation requested. The PM currently has technical experience and expertise related 
to general TLS operation and maintenance. Modest salary and travel support is requested for the PM to 
receive training to operate the instruments acquired by this MRI and to oversee operations and maintenance 
of the instrumentation for the duration of the MRI. The PM will in turn provide appropriate training to 
UNAVCO personnel, PIs, students and others who will operate the instrument (such training and related 
activities by the PM will be supported by non-MRI funding sources). A digital project manager at CWU 
will be similarly appointed and trained and engage in similar activities. TLS manufacturers recommend 
that the instrument be returned to the factory at specified intervals (typically once per year) for calibration. 
We will purchase an additional year of service from the manufacturer at the time of hardware purchase. 
Our experience to date has been that TLS instrumentation requires minimal operations and maintenance 
expense, precluding damage incurred during shipping or field use. If the instrumentation purchased through 
this MRI is damaged during deployment, the costs for repairing the instrument will be covered by UNAVCO 
insurance, the research project, or other responsible party.
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Allocation of Instrument Time. Both requested instruments will be shared resources. UNAVCO has 
established protocols to govern the allocation of equipment pool instrument time depending on the nature 
of the PI project being supported. The UNAVCO-owned instrument will be available to funded PIs as 
part of the managed equipment pool year-round with NSF-EAR projects receiving priority. CWU, under 
a Memorandum of Understanding (MOU) with UNAVCO, will share their instrument as part of the 
UNAVCO-managed pool for up to half of each quarter of the year. The remainder of the time the CWU 
instrument will be used by CWU for projects described in the research application examples above. The 
goal of this equipment sharing arrangement is to maximize the use of expensive instruments by the broader 
research community.

New Users. As described previously, TLS is a rapidly growing means of acquiring unique data to support 
an ever expanding suite of earth science applications. The instruments acquired through this MRI will help 
attract new users by increasing instrument availability and through the inherent value-added services and 
combined knowledgebase available from UNAVCO, INTERFACE, GEON and other partners. TLS training 
opportunities, including community short courses, are also available from UNAVCO and INTERFACE, as 
described previously.

Data Products and Archiving. UNAVCO has a long established archive and management system for 
geodetic data collected by community investigators from continuously operating GPS stations and episodic 
campaign surveys including data from EAR projects, InSAR data from WInSAR and GeoEarthScope, and 
airborne LiDAR data from GeoEarthScope (see Facilities section of this proposal). In the future, similar 
systems will be needed to handle field data from TLS surveys. Initially, however, we will archive all TLS 
and related data acquired in simple “UNAVCO Repository Mode”. Data will be freely available to anyone as 
soon as they are archived unless there are exclusion periods approved by NSF program managers. Collected 
data will include field data and metadata from the range of data sources (TLS point cloud, high-resolution 
digital photos, field notes, GPS, and other ancillary project information). Higher-level products may include 
user-generated aligned, georeferenced, meshed surfaces and digital geologic map databases in GIS formats, 
and associated metadata.

Project Plan. We propose a two year project. During Year 1, the initial steps will be to develop final 
specifications for the equipment, put the purchase out for bid, evaluate capabilities, determine the best 
system for the project and acquire the necessary hardware and software. Activities during Year 2 will focus 
on refining field deployment logistics, data collection strategies, data analysis methods and other activities 
based on experiences learned during Year 1. Years 1 and 2 will include instrument deployments in support 
of the research activities described above.

Long Term Plans. This proposal provides the EAR research community with initial TLS capability through 
the acquisition of TLS systems optimized for Earth science applications. It also provides the training of the 
UNAVCO Digital Imaging Project Manager and the CWU Digital Project Manager who will be available to 
help users with their fieldwork and standard processing. This is only the initial capability however, and the 
long-term vision of the fledgling TLS geoscience community includes development of equipment, software, 
procedures, instruction, data management and sophisticated processing using emerging CyberInfrastructure. 
These capabilities will allow users to effectively collect TLS and associated digital geologic, ecologic and 
other metadata, and to process and analyze the large volumes of data that will be collected in a simple 
seamless manner (e.g. Oldow et al., 2006). Our proposal helps reduce barriers to effective use of TLS by 
providing equipment and expertise and will enable broader use of this exciting cutting-edge technology by 
the Earth science research community.
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