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ABSTRACT 

The emergence of new digital data acquisition technologies in the geosciences has 

exciting implications for the types of data that are now available to researchers.  

However, along with these datasets comes an increase in the volume and complexity of 

scientific data that must be efficiently managed, archived, distributed, processed and 

integrated in order for it to be of use to the scientific community.  The rapid growth of 

LiDAR (Light Distance And Ranging, a.k.a. ALSM (Airborne Laser Swath Mapping)) 

for geoscience applications is an excellent example of the opportunities and challenges 

presented by these types of datasets.  Capable of generating digital elevation models 

(DEMs) more than an order of magnitude more accurate than those currently available, 

LiDAR data offer geomorphologists the opportunity to study the processes that shape the 

earth’s surface at resolutions not previously possible yet essential for their appropriate 

representation.   

Unfortunately, access to these datasets for the average geoscience user is difficult 

because of the massive volumes of data generated by LiDAR.  The distribution and 

processing (DEM generation) of large LiDAR datasets, which frequently exceed a billion 

data-points, challenge internet-based data distribution systems and readily available 

desktop software.   

We are using a geoinformatics approach to the distribution and processing of 

LiDAR data that capitalizes on cyberinfrastructure developed by the GEON project 

(http://www.geongrid.org).  Our approach utilizes a comprehensive workflow-based 

solution, the GEON LiDAR Workflow (GLW), which begins with user-defined selection 

of a subset of point data and ends with download and visualization of DEMs and derived 
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products.  In this workflow, users perform point cloud data selection, interactive DEM 

generation and analysis, and product visualization all from an internet-based portal.  This 

approach allows users to carry out computationally intensive LiDAR data processing 

without having appropriate resources locally. 

Ultimately, we believe the GLW could be adopted as a valuable infrastructure 

resource for democratizing access to current and future LiDAR point cloud datasets for 

the geoscience community.  Furthermore, the interdisciplinary geoinformatics approach 

taken to develop the GLW represents an excellent model for the utilization of 

cyberinfrastructure and information technology to tackle the data access and processing 

challenges presented by the next generation of geoscience data.  
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CHAPTER 1 

INTRODUCITON:  TECTONIC GEOMORPHOLOGY, DIGITAL TOPOGRAPHY 

AND GEOINFORMATICS 
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TECTONIC GEOMORPHOLOGY 

 The geoscience sub-discipline of Tectonic Geomorphology is defined as the study 

of landforms and landscapes that record a measurable tectonic signal (Burbank and 

Anderson, 2001).   The overarching goal of tectonic geomorphology is to utilize the 

tectonic signal recorded in the landscape to understand deformation over centennial 

(interseismic) to millennial (Quaternary) time scales.  Typically, the aim is to understand 

how coseismic (and aseismic) deformation is compounded to manifest itself as landforms 

that reflect thousands of seismic cycles – in other words, how does a mountain range 

thousands of meters tall grow from repeated earthquakes with 10s of meters of surface 

displacement?  By looking at the tectonic signal recorded in landforms of varying ages, 

and therefore representing various stages of development, tectonic geomorphology 

provides a mechanism to approach this fundamental question.  In addition to simply 

bridging the gap between time scales of landscape deformation, tectonic geomorphology 

also may provide insight into variations in rates of tectonic deformation over different 

lengths of time.   

 Tectonic geomorphic studies can take on a range of spatial apertures depending 

upon the deformation time scale of interest.  Fault zone geomorphology and paleoseismic 

studies are interested in discerning the tectonic deformation recorded in the landscape 

from the past handful of earthquake cycles (e.g. Sieh, 1978).  Larger spatial aperture 

studies such as that of the classic Wheeler Ridge along the south-central San Andreas 

fault (e.g. Keller et al., 1995) seek to understand the tectonic signal as recorded in a 

single, relatively large landform.  Finally, large scale studies may aim to understand the 
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relationship between surface and tectonic processes at the watershed or orogen scale (e.g. 

Burgmann et al., 1994; Kirby et al., 2003).  

 Because the earth’s topography is a measure of the combined effects of tectonic 

and surface properties (Arrowsmith, 2006), understanding the tectonic signal recorded in 

the landscape also requires an understanding of the surface processes that act on that 

landscape.  These surface processes are typically a function of climate, geologic materials 

(bedrock/substrate), and vegetation, animal or anthropogenic factors.  Specifically, 

processes such as linear-slope dependent transport, non-linear transport, soil production 

from bedrock, river incision into bedrock, landsliding, debris flows, and surface wash 

(Dietrich et al., 2003) among others, may act to generate or modify landforms.  

Therefore, to fully understand the formation of landforms in tectonically active regions, it 

is necessary to address both the tectonic and surface processes at work. 

 Tectonic geomorphology studies traditionally employ a number of tools to 

understand both the tectonic and surface processes acting to shape a landform or 

landscape,.  These tools include geologic mapping to constrain bedrock lithology, soil 

analyses, channel and hillslope profiles gathered via total station survey and geomorphic 

mapping on stereo aerial photography.  More recently, tools such as remotely sensed 

imagery, surface exposure age dating and digital topography have supplemented the 

tectonic geomorphologist’s tool kit. 

 

 

 



 
 

4

DIGITAL TOPOGRAPHY 

The availability of digital topography, in the form of digital elevation models 

(DEMs), has dramatically enhanced the types of analyses that are possible in tectonic 

geomorphic studies and as a result, the analysis of DEMs has become ubiquitous (Pike, 

2002).  These data enable quick calculation of common geomorphic metrics such as slope 

and aspect as well as more sophisticated analysis such as local relief (e.g. Burbank and 

Andrerson, 2001) and drainage area with respect to gradient calculations (e.g. Roering et 

al., 1999).  Digital topography also is a powerful tool for profile-based analysis of 

landscapes and landforms.  Because profiles can be easily extracted from DEMs, users 

are able to efficiently acquire numerous thalweg or hillslope profiles that can then be 

analyzed in a variety of manners (e.g. Kirby and Whipple, 2001; Crosby et al., 2004 and 

Appendix II this volume).  Finally, DEMs can be used as input for numerical models to 

determine the role of tectonic deformation in the growth of a given landform or 

landscape.  For example, Arrowsmith (2006) uses an elastic dislocation models (e.g. 

Okada, 1985) to calculate the slip and uplift from a single earthquake event on the blind 

fault beneath Wheeler Ridge.  This model predicts the general geometry of deformation 

associated with this single earthquake event and can be used to estimate how repeated 

earthquakes on this fault contribute to the growth and evolution of Wheeler Ridge. 

The availability of topography in a digital form also enables these data to be 

combined with other digital datasets in a Geographic Information System (GIS) 

environment to perform analysis.  The GIS environment allows the integration of 

topographic data with geologic and quaternary mapping, land cover, and raster imagery.  
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This type of data integration is also very powerful for 3D visualization of landscapes for 

both research and educational applications.  

 Digital Elevation Models are available at a variety of scales, ranging from the one 

kilometer resolution global coverage GTOPO30 

(http://edc.usgs.gov/products/elevation/gtopo30/gtopo30.html) dataset provided by the 

U.S. Geological survey to ultra-high resolution, sub-centimeter data produced from 

terrestrial laser scanning (TLS a.k.a. Ground-based LiDAR).  Common DEM datasets 

utilized for tectonic geomorphic studies include the nearly global 90 m Shuttle Radar 

Topography Mission (SRTM) dataset (http://srtm.usgs.gov/) and the U.S. Geological 

Survey’s National Elevation Dataset (NED) (http://ned.usgs.gov/) which includes 30 m 

and 10 m coverage for the United States.  More recently, the rapid growth of aerial 

LiDAR (Light Distance And Ranging, a.k.a. ALSM (Airborne Laser Swath Mapping)) 

for earth science applications has provided high-resolution topographic data (sub-meter to 

5 m resolution) across large swaths of the United States (see the Chapter 2 section 

entitled “Introduction to Aerial LiDAR Data: Opportunities and Challenges” in this 

volume for a full introduction to LiDAR data). 

 LiDAR data is quickly becoming one of the most powerful tools in the earth 

sciences for studying the earth’s surface. Capable of generating digital elevation models 

(DEMs) more than an order of magnitude more accurate than those currently available 

via the USGS National Elevation Dataset, LiDAR data offer geomorphologists the 

opportunity to study natural processes at resolutions not previously possible yet essential 

for their appropriate representation.  Because of the high resolution of LiDAR-derived 
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DEMs, subtle geomorphic features that would be lost in coarser 10 and 30 m terrain 

models are captured and can thus be quantified as components of the geomorphic process 

acting to shape a given landscape or landform (Figure 1.1). 

 However, as I discuss in the Chapter 2 section entitled “The Computational 

Challenge”, the distribution and processing of LiDAR data for geoscience users presents 

a significant challenge.  In order to make these powerful yet computationally challenging 

datasets useful for the tectonic geomorphology and greater geoscience communities, a 

new approach to their management, archiving, distribution, processing and integration is 

necessary.  

 

GEOINFORMATICS 

 The emerging science discipline of Geoinformatics (e.g., Sinha, 2000) seeks to 

build a shared cyberinfrastructure for the geosciences though interdisciplinary 

collaboration between earth and computer scientists.  The goal of this geoscience 

cyberinfrastructure is to: 

…(1) manage, preserve, and efficiently access the vast amounts of Earth 

science data that exist now and the vast data flows that will be coming 

online as projects such as EarthScope get going; (2) foster integrated 

scientific studies that are required to address the increasingly complex 

scientific problems that face our scientific community; (3) accelerate the 

pace of scientific discovery and facilitate innovation; (4) create an 

environment in which data and software developed with public funds are 
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preserved and made available in a timely fashion; and (5) provide easy 

access to high-end computational power, visualization, and open-source 

software to researchers and students (Owens and Keller, 2003). 

Because of the massive volumes of data and the computational challenges they present, 

aerial LiDAR data is an excellent example of a dataset that would benefit from a 

geoinformatics approach to its management, archiving, distribution, processing and 

integration. 

 In Chapter 2 of this thesis, I present a geoinformatics-based approach to LiDAR 

data distribution and processing – the GEON LiDAR Workflow.  The fundamental goal 

of that project is to democratize access to aerial LiDAR point cloud data for the 

geoscience community.  By allowing users to perform point cloud data selection, 

interactive DEM generation and analysis, and product visualization all from an internet-

based portal, we hope to promote the use of high-resolution topographic data in 

geoscience research.  Clearly, the current implementation of the GLW discussed in 

Chapter 2 is of most interest to tectonic geomorphology and earth surface processes 

researchers.  However, we believe that the GLW could be adopted as a valuable 

infrastructure resource for democratizing access to current and future LiDAR point cloud 

datasets for the whole geoscience community.  Because these datasets also capture 

vegetation and built structures in addition to topography, we expect that researchers in the 

ecological, engineering and urban planning communities could also capitalize upon the 

data and tools available through the GLW. 
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 Although aerial LiDAR data and the GEON approach to these datasets is an 

excellent demonstration of the development of a cyberinfrastructure-based toolset, it is 

but one example of how geoinformatics is being applied to develop community-oriented 

and internet-based databases, tools and computing resources.  For example, the Southern 

California Earthquake Center’s (SCEC) Information and Technology Research (ITR) 

project seeks to use cyberinfrastructure to develop a “Community Modeling Environment 

(CME)” (http://epicenter.usc.edu/cmeportal/index.html) oriented towards system-level 

earthquake science (Jordan et al., 2003).  This “rupture to rafters collaboratory” was 

conceived to provide an environment where basic geophysical research (e.g Zhao et al., 

2004) can be combined with seismic hazard modeling (Field et al., 2003) and earthquake 

engineering in an environment where tools, databases and computing resources are 

integrated by Information Technology.  Yet another example of the informatics approach 

to community geoscience cyberinfrastructure is the NEPTUNE Project 

(http://www.neptune.washington.edu/index.jsp) which plans to deploy a regional cabled 

ocean observatory on the Juan de Fuca plate off the coast of the Pacific Northwest.  In the 

NEPTUNE project, cyberinfrastructure and will be used to monitor and control the 

observation network, distribute raw and processed data products, and to “provide the 

computer-based toolsets needed by scientists, engineers, and others to collect and process 

information generated by the system” 

(http://www.neptune.washington.edu/infrastructure/index.jsp?keywords=NETWRK&title

=Network%20Management) 
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 Although the GLW, SCEC CME and NEPTUNE projects were only briefly 

summarized above, I think they are excellent examples of the growing acceptance that 

geoinformatics provides a powerful new approach for managing geoscience data and 

tools.  As geoscience data acquisition technologies continue to become more 

sophisticated and their data streams more massive, the development of community 

oriented toolsets that provide access to data as well as processing tools and computing 

resources are going to become increasingly necessary.  In many respects, I believe that 

the geoinformatics approach presented in this thesis for LiDAR point cloud data 

distribution and processing represents the future of resources designed to facilitate access 

and processing for the next generation of earth science data. 
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Figure 1.1.  A) USGS Digital Orthophoto Quarter Quadrangle (DOQQ) for Mill Gulch 

near Fort Ross, CA along the trace of the northern San Andreas fault (NSAF) (southern-

most portion of area shown in Figure 2.5).  This grey scale raster image has a pixel 

resolution of 1 meter.  Note the representation of geomorphic features such as the right-

laterally offset drainage due to slip on the NSAF, active landslides, vegetation, and 

human influences such as buildings and roads.  B)  Hillshade of a USGS 30 m DEM for 

the same area as shown in (A).  The coarseness of this terrain model obscures many of 

the small, yet important geomorphic features of the landscape that are visible in the 

orthophoto in (A).  C)  Hillshade of a full feature LiDAR derived DEM produced using 

the GEON LiDAR Workflow (Chapter 2, this volume).  In this 1.8 m DEM, many of the 

geomorphic features visible in the orthophoto (A) are captured in the terrain model.  In 

addition, the DEM provides 2.5D representation of the landscape that can be used for 

visualization and modeling.  D)  5 ft contour interval map of the Mill Gulch stretch of the 

1906 Earthquake rupture made by Francois Matthes in the months following the 

earthquake (Lawson, 1908).  The Matthes map, produced with plane table and alidade, 

demonstrates that high-resolution topography has always been of interest for scientists 

studying the expression of tectonic deformation on the landscape. 

 

 

 




