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Traditional Methods

by Christopher Haring

PURPOSE: The purpose of this review is to highlight LIDAR data usage for geomorphic studies
and compare to other remote sensing technologies. This review further identifies survey efficiencies
and issues that can be problematic in using LiDAR digital elevation models (DEMs) in completing
surveys and geomorphic analysis. US Army Corps of Engineers (USACE) geospatial data collection
guidance (EM 1110-1-1000) (USACE 2015) aligns with the American Society for Photogrammetry
and Remote Sensing Positional Accuracy Standards for Digital Geospatial Data (ASPRS 2014).
Geomorphic assessment technologies are rapidly evolving, and LiDAR data collection methods are
at the forefront. The FluvialGeomorph (FG) toolbox, developed to support USACE watershed
planning, is a recent example of the use of LiIDAR high-resolution terrain data to provide a new,
efficient approach for rapid watershed assessments (Haring et al. 2020; Haring and Biedenharn
2021). However, there are advantages and disadvantages in using LiDAR data compared to other
remote sensing technologies and traditional topographic field survey methods.

BACKGROUND: In the 1960s and 1970s, the first LIDAR remote sensing instruments were
developed for lunar research and satellite laser ranging for oceanography and atmospheric research.
The first commercial airborne LiDAR was developed in the mid-1990s with the technology
developing rapidly since.

LiDAR is an optical remote-sensing technique that uses laser light to densely sample the surface of
Earth, producing highly accurate x, y, and z measurements. LiDAR is used primarily in airborne
laser mapping applications (Figure 1) and has emerged as a cost-effective alternative to traditional
Global Positioning System (GPS), Global Navigation Satellite System (GNSS)-based field surveys
and other remote sensing techniques such as photogrammetry (Faux et al. 2009; Haring et al. 2019).

Figure 1. Active airborne LIiDAR capture
(from ESRI 2018).
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LiDAR produces a mass point cloud dataset that can be managed, visualized, analyzed, and shared
using GIS capabilities. The major hardware components include a collection device, GPS, laser
scanner, and an Inertial Navigation System (INS) that measures the heading and movement of the
collection device.

Active optical sensors transmit laser beams to a target (e.g., water surface, ground, vegetation,
structures) while completing coverage routes for specific geographic surveys'. The reflection of
the laser from a target is detected and analyzed by receivers that record the time from when the
laser left the system to when it returned (Figure 2). By combining the returns with the GPS and
INS systems, distance measurements can be transformed to three-dimensional (3D) points of the
reflective target. The points are organized in a Triangulated-Irregular-Network (TIN) that is a
vector data structure that partitions geographic space into contiguous, non-overlapping triangles
(NOAA 2012). The TIN networks are constructed of a series of triangles with 3D vertices (X, y,
z). TINs are the basis for storing and displaying surface models and provide the background
structure for terrain models. TINs are commonly converted to a raster (a regular grid of pixels
containing ground elevations) DEM for ease of display and performing calculations.
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Figure 2. LIDAR attributes points (from ESRI 2018).

Some of the most important points of LiDAR laser return interpretation as outlined in ESRI (2018)
are the following:

e laser pulses emitted from a LIDAR system reflect from vegetation, bare ground, buildings, bridges,
and other features (i.e., targets)

' Beaverson, S. K. 2017 (unpublished). Elevation Data for Illinois — the LaSalle County Project.
PowerPoint presentation for Illinois Flood Zone Alliance Meeting. Illinois State Geological Survey.
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¢ any emitted laser pulse that encounters multiple reflection surfaces as it travels toward the ground
is split into as many returns as there are reflective surfaces (i.e., through forest leaves to ground)
(Figure 2)

e the first returned laser pulse is the most significant return and will be associated with the highest
feature in the landscape like a treetop or rooftop

e multiple returns are capable of detecting the elevations of several objects within the laser footprint
of an outgoing laser pulse (i.e., the height of canopy trees and understory shrubs above forest floor)

¢ the intermediate returns are used for vegetation structure and the last return for bare-earth
terrain models

e the last return will not always be from a ground return. For example, consider a case where a
pulse hits a thick branch on its way to the ground and the pulse does not actually reach the
ground. In this case, the last return is not from the ground but from the branch that reflected
the entire laser pulse.

LiDAR can be collected from satellite, airborne, and terrestrial systems with most of the large-
scale LiDAR data collections derived from airborne systems. Airborne LiDAR is being used to
develop high-resolution topographic and vegetation models. LIDAR uses near-infrared pulses that
reflect off multiple surfaces, which can be used determine the nature of the return impulse to
distinguish surface types. Post-processing techniques include filtering the point cloud to determine
which returns are needed to identify desired characteristics such as Earth’s surface or vegetation
layers. Most filtering methods combine automated algorithms with manual correction.

LiDAR terrain data support a variety of applications for capturing fluvial geomorphic channel
and floodplain characteristics not only at specific site locations but also for large spatial areas.
The two common methods are near-infrared and green-wavelength LiDAR. Near-infrared
LiDAR cannot penetrate water and is therefore used to map topography above the wetted
channel. Green-wavelength devices can penetrate water to determine water depth and provide
seamless maps of both the aquatic and terrestrial environments (Wright et al. 2006; Kinzel et al.
2007; McKean et al. 2008). Although green-wavelength LiDAR can map many of the physical
channel characteristics used in aquatic monitoring in a continuous and spatially extensive
manner, near-infrared LiDAR is capable of significantly higher pulse rates and can map
terrestrial environments at higher topographic resolutions (Faux et al. 2009). Despite the
potential for small-footprint green-wavelength LiDAR (Wright et al. 2006) to significantly
change how underwater bathymetric surveying is conducted, its commercial availability is
limited, and the widespread application of this technology is still not fully developed.

Near-infrared LiDAR data and derived products for topographic and vegetation modeling are
becoming increasingly available to resource managers (Faux et al. 2009). For example, in 2017,
Illinois had LiDAR data available for 90 of 102 counties!. In 4 yr? the additional 12 counties

' Beaverson, S. K. 2017 (unpublished). Elevation Data for Illinois — the LaSalle County Project.
PowerPoint presentation for Illinois Flood Zone Alliance Meeting. Illinois State Geological Survey.

2 For a full list of the spelled-out forms of the units of measure used in this document, please refer to US
Government Publishing Office Style Manual, 31st ed. (Washington, DC: US Government Publishing
Office 2016), 248-52, https.//www.govinfo.gov/content/pkg/GPO-STYLEMANUAL-2016/pdf/GPO-
STYLEMANUAL-2016.pdf.
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either have complete LiIDAR data or they are in the final steps of processing data, and there are
plans to start collecting and replacing old LiDAR data in additional counties with the oldest
existing data (Beaverson 2020).

LiDAR PLATFORMS: Common LiDAR data collection platforms include fixed-wing,
helicopter, Unmanned Aerial Vehicles (UAV), and ground-based applications. Airborne
topographic LiDAR are the most used systems for collecting elevation data and generating DEMs
for large areas (NOAA 2012). The fixed-wing approach is the most effective and efficient method
for collecting terrain data over thousands of square miles (NOAA 2012). The helicopter is more
mobile and can be used for smaller study extents where greater resolution is required. The UAV
and ground-based approaches provide smaller study area support while providing greater elevation
resolution. Tripod-based stationary units can be used to collect detailed terrain data on sections of
levee systems, grade-control structures, bridges, and other fixed studies. The systems can also be
mounted on All-Terrain Vehicles and boats to collect data for a variety of study types. The tripod-
based LiDAR systems produce point data with centimeter accuracy and are often used for local
terrain-mapping application that require frequent surveys (NOAA 2012).

Emerging technologies are allowing for LIDAR to be collected via UAV, which provides even more
flexibility for field survey. Recently, the US Army Engineer Research and Development Center
(ERDC), Environmental Laboratory, in partnership with the Coastal and Hydraulics Laboratory
(CHL) geomorphic research unit completed evaluation studies for Phoenix Mini-Ranger (Riegl
LiDAR integrated by Phoenix LiDAR) survey-grade LiDAR, which flies with a 42-megapixel
Sony camera to create colorized point clouds at a 0.4—0.8 in. (1-2 cm) vertical accuracy (Figure
3). The UAYV collected terrain data for geomorphic channel studies on the Bayou Pierre, Clear
Creek, and Big Black tributary in southwest Mississippi locations.

Figure 3. The ERDC Environmental Laboratory Phoenix Mini-Ranger UAV platform.
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GEOMORPHIC ANLAYSIS USING LiDAR: LiDAR terrain mapping applications include
glacier monitoring, forest inventory, shoreline and beach volume change mapping, subsidence
studies, derivation of DEMs, and others. Several studies show the potential for using LiDAR to
map common physical stream channel parameters. The ERDC in partnership with USACE Rock
Island District through the Environmental Management and Restoration Research Program
(EMRRP) have developed a rapid geomorphic assessment and analysis FG toolbox to identify
channel instability to target watershed stabilization and restoration efforts (Haring et al. 2020). As
a precursor to the FG toolbox, the LIDAR-Hydraulic Geometry Relationship (HGR) approach was
developed using LiDAR to assess and measure bankfull channel conditions and develop regional
hydraulic geometry curves for Southern Driftless Area gage reaches (Haring et al. 2019).

In Oregon, Jones (2006) used LiDAR-derived DEMs to map side channels and to identify
potential sites for restoration of salmon habitat. In Oregon, Faux et al. (2009) investigated
channel cross-section characteristics and monitoring of aquatic habitat. James et al. (2007)
documented the potential for using LIDAR to map headwater streams under a forest canopy in
an Eastern United States National Park. Cavalli et al. (2008) used LiDAR to detect the spatial
extent of different stream types in an alpine setting. In California, Dietterick et al. (2012)
compared LiDAR-generated cross-sectional profiles in forested mountain streams and
documented improvements in LiDAR technology over time. In Italy, Caroti et al. (2013)
compared channel cross-section resolution in heavily vegetated and high sloping small stream
systems. Hamshaw et al. (2017) analyzed streambank movement by comparing photogrammetry
to terrestrial LIDAR methods. Automated bankfull detection methods based on LiDAR were
developed in a study by De Rosa et al. (2019) for Italian rivers comparing remotely sensed
bankfull limits to those obtained from field surveys.

COMPARISON OF DATA COLLECTION METHODS: Because of the expansion of LIDAR
technologies, there is a direct competition with standard traditional field survey (GPS) and
photogrammetric methods. This section provides direct comparisons of LiDAR versus GPS-
traditional survey, and photogrammetric methods.

Airborne LiDAR Versus Topographic Field Survey (GPS). LiDAR surveys are
becoming more common with the expansion of collection capacities of airborne (fixed-wing),
UAYV, and land-based technologies. LiDAR technology continues to increase collection
capabilities (i.e., accuracy, density) providing greater resolution for terrain development and
interpretation. Cost, time, and type of study are also factoring in what survey methods are chosen
for a study.

In The Mapping Match: LiDAR versus Traditional Topo, Mayfield (2015) compares airborne
(fixed wing) LiDAR versus conventional high-resolution GPS topographic survey data for a dike
system survey. The study compared 25 mi (40.2 km) of topographic surveys on a dike system in
the southeastern United States. The dike surveys were completed in open terrain, so both LiDAR
and topographic surveys were relatively unrestricted in data collection. The topographic surveys
were collected at 100 ft (30.5 m) intervals with a maximum of 12.5 ft. (3.8 m) spacing between
the cross-sectional points. The LiDAR data were collected on 153 mi (246 km) of dikes flown
at a height of 3,168 ft (966 m) with a point density of 17.6 points per square meter. The
topographic survey cross-section points provide less coverage than the LiDAR point cloud
(Figure 4) (Mayfield 2015). Despite the limited spatial coverage, the overall output of vertical
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accuracy between the two methods was very close. The topographic surveys had a vertical root
mean square error (RMSE) of 0.059 ft. (1.8 cm), and the airborne LiDAR had an RMSE of 0.057
ft (1.7 cm). This example provides valuable insight into the quality of the LIDAR data compared
to topographic survey methods. Both methods have good vertical resolution, but the LiDAR
offers significantly greater data density and spatial coverage.

Figure 4. Dike study survey illustrating high-resolution GPS (green) and high-resolution
LiDAR (brown) survey points (from Mayfield 2015).

Time and cost comparisons of the topographic surveys to LiDAR survey yields interesting
insight. Mayfield (2015) compared the time spent for surveying 25 mi (40.2 km) of dike with
conventional topographic (GPS) surveys to airborne LiDAR surveys for 153 mi (246 km) of the
same dike system. Mayfield (2015) found that 1,921 hr were spent collecting 26,241
measurements or 13.75 measurements per hour for the topographic survey. In contrast, 373 hr
were spent on collecting and producing a much larger area of interest that yielded 2.9 billion
measurements or a little more than 7.7 million measurements per hour (Mayfield 2015). Based
on survey type comparisons, the dike study provides interesting results when considering how
much more data at similar resolution can be produced by using LiDAR data collection.

It is very costly to complete topographic surveys due to significant time, travel, and additional
expenses for personnel, trucks, ATVs, fuel, instrumentation, and other equipment. The cost to
complete and provide the 25 mi (40.2 km) of dike survey was approximately $106,000 with a
cost-per-line mile of $4,225 (Mayfield 2015). The total cost to complete the 153 mi (246 km) of
dike survey using airborne LiDAR was $75,500 with a cost-per-line mile of $493 (Mayfield
2015). Based on this comparison of data collection methods, LiDAR is a highly efficient survey
tool that significantly expanded the coverage and quality of topographic data; however, it does
not replace all field survey requirements.
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Airborne LiDAR Versus Photogrammetry Survey Collection Methods. Digital
photogrammetry uses computer analysis to obtain measurements of objects in a photograph
(Goodman 2021). The method uses multiple photos of the object or study terrain to interpret and
determine spatial relationships. The point cloud data can be used to produce 2D and 3D models
and topographic maps. Photogrammetry provides point cloud data that show the surface of
objects such as vegetation, roads, buildings, structures, and others (King 2017). Tully (2017)
reports that photogrammetry is “significantly cheaper than LiDAR in many cases, especially when
both photography and elevations are needed, it remains useful and important in many applications
and that’s why we’re seeing drones and even manned aircraft often fly borrow pits and coal piles to
calculate volume and things like that using only aerial photography and photogrammetric-derived
elevations. Because there is little or no vegetation obscuring the ground, the 3D point clouds derived
from the photography are accurate enough for those purposes.”

LiDAR uses an active sensor technology that can “push through vegetation” and reflect off the
ground providing a distinct advantage of providing both surfaces (King 2017). Tully (2017) goes
on to indicate that as LIDAR sensors and mapping become less costly as he indicates “the day
of building 3D models of things under the sensor can’t be produced as efficiently using photos
only because the LiDAR sensors will be powerful and cheap enough to make the photos-only
method of remote sensing unnecessary.” Photogrammetry appears to have good applications to
field study sites that are open with little or no vegetation where LiDAR can be used to collect
data under existing areas that have vegetation. If LiDAR data are collected for fluvial
geomorphic studies with leaf-off, low-water, and no snow or ice present on the stream, then the
LiDAR has very little interference in collecting elevation data from multiple targets of
vegetation, ground, water, and other landscape features.

AIRBORNE LiDAR ADVANTAGES: Mayfield (2015) states that some traditional surveys are
required to support LiDAR accuracy, but overall, the LIDAR surveys produce similarly accurate
measurements that have advantages over traditional surveys. LiDAR data quality greatly
increased over the past 20 yr with increased intensity (signal return strength), laser technology
in the number of pulses and returns, and point cloud densities (Contreras et al. 2017). The
resolution increase in the LiDAR data was described by Dietterick et al. (2012) as averaging
9.8 ft (3.0 m) in 2002; 3.3 ft (1.0 m) in 2008; and 1.6 ft (0.49 m) in 2010. LiDAR sensors 20 to
30 yr ago were capable of 2,000 to 25,000 pulses per second but are now capable of over 1
million pulses per second with up to 0.02 ft. (5 mm) resolution (Gaurav 2017).

Depending on the terrain resolution needed for a study, LiDAR is likely a lower-cost option to
gather data, and data collection may be easier in restricted and difficult surveying areas. Survey
locations may be difficult to navigate based on large elevation differences, thick vegetation or
understory, and lack of access to site. In addition, less public relations coordination is required
for airborne (fixed wing) LiDAR data acquisition since the data are collected remotely and
landowner access permissions are not required. An important access limitation of high-resolution
GPS surveys is lack of satellite reception, especially in conditions associated with heavy
vegetation, steep valley walls, and mountainous terrain where signals may be lacking or non-
existent. In contrast, airborne LiDAR data can be collected even when satellite reception is
inconstant or interrupted.
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AIRBORNE LiDAR DISADVANTAGES: Potential disadvantages of using existing LiDAR
is the variability and lack of resolution of older data as mentioned in the advantages section.
When considering using existing LiDAR for studies, great care needs to be considered in
determining limitations of each dataset. However, in some instances, there are opportunities to
reassess LIDAR derived DEMs and enhance final resolution by reprocessing original LASer
(LAS, a standard file format for storing point cloud data) files to a greater resolution as discussed
in the LIDAR Demonstration and Evaluation Section of this technical note.

Additional disadvantages to LiDAR collects are the restrictive nature of appropriate flying time
associated with seasons. Coordinating flight schedules and approval and dealing with weather
conditions that can change the collection times available for proper collection are additional
issues. Cloudy skies or foggy conditions can limit LiDAR collection dates as the LiDAR cannot
penetrate clouds to collect ground data. In addition, heavy vegetation with leaf-on conditions
can prohibit data collection. When collecting stream geomorphic data, low water level conditions
are necessary to collect the maximum in-channel topographic data and minimize channel
geometry loss below water. While this collection method works well for small- and intermediate-
sized streams, medium to large river systems have limited value due to larger proportions of
depth loss. The inability of LiDAR to penetrate deep or murky water to collect underwater
channel dimensions in larger rivers is the main limitation. However, green-wavelength LIDAR
(Wright et al. 2006) continues to technically advance and may soon be able to fill this void.

LiDAR ground elevation measurement errors generally increase with vegetation cover, amount
of understory, and variability in terrain slopes (Contreras et al. 2017). However, this can also
affect ground survey using high-resolution GPS as satellite, base-station sighting, and lines of
sight can be problematic for ground survey crews as well.

DATA ANALYSIS USING EXISTING AIRBORNE LiDAR: Multiple issues with off-the-shelf
LiDAR-derived DEMs were discovered as part of the LIDAR-HGR study (Haring et al. 2019). The
issues included hydro-modification, low resolution, considerations for stream conditions during
LiDAR collection, and data dropout zones. Data for the study were developed from 28 stream gages
in the Southern Driftless Area of the Midwest (Haring et al. 2019). For this analysis, the Sinsinawa
River site was selected to illustrate issues encountered in using existing LIDAR DEMs. Existing off-
the-shelf LIDAR DEMs available from Illinois, Wisconsin, and Iowa were used for developing
geomorphic data at each stream gage site.

Hydro-Modification (Water Surface Slope Resolution). Lack of elevation or slope
change along the stream profile compared to the terrestrial terrain data was the first issue identified.
Field surveys determined that there was much more channel slope than that being displayed from
the existing LIDAR DEM as illustrated in Figure 5. The LIDAR-HGR approach was developed to
assess geomorphic channel analysis. Therefore, riffle cross-over locations are very important to
provide the least amount of depth loss (error) when interpreting LIDAR channel data. Riffle cross-
over locations are key to assessing channel morphology that the LIDAR-HGR approach focuses
on interpreting for developing LiDAR-based hydraulic geometry regional curves.

LiDAR applications in the fluvial environment are typically restricted to floodplain mapping and
connecting topographic channel surveys to overbank LiDAR coverage. The original processing of
the Sinsinawa River LiDAR data was completed for interpretation of terrestrial elevation,



ERDC/CHL CHETN-VII-25
December 2021

vegetation, and non-fluvial mapping environments. Depicting water surface elevation change or
slope was not a priority. A point cloud processing method termed hydro-modification or hydro-
flattening was applied to the existing LiDAR-derived DEMs produced for the general public by
state agencies to remove the gradual elevation changes of the water surface slope to create a stream
surface on an even plain for aesthetically pleasing cartographic display purposes. Therefore,
hydro-flattening needed to be removed to obtain existing water surface slope elevation data to plot
and compare for bankfull channel indicators and water surface profiles. This was accomplished by
collecting original LAS files and reprocessing the water surface TIN (vector) to construct a new
DEM (raster) for the channel.

Figure 5. The Sinsinawa River near Menominee, IL, illustrating channel slope change at
the cobble riffle location looking downstream.

LiDAR Resolution. Previous DEMs for the Sinsinawa River site were developed to 3 ft (1 m)
resolution, and new DEMs were reprocessed from the original LAS files to 1.0 ft (0.27 m)
resolution. It is not known why the original point cloud data and off-the-shelf DEMs were
processed to produce 3.28 ft (1 m) resolution. The original DEMs resolution was likely chosen to
limit storage space or based on common research initiative’s standardized data resolution. The
Sinsinawa River plan-view illustrates cross sections five and six and the original point cloud
(brown dots) data in the off-the-shelf original resolution DEM maps of 3.28 ft (1 m) (Figure 6 and
7. The cross sections are not perfectly straight as these represent the actual points taken during the
field survey.)

For FG toolbox analysis, a Banks Polygon (BP) (USFS-RBT 2010) tool is used to focus analyses
on channel data ignoring outside overbank elevation points. The BP provides a visual estimate of
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the bankfull extent within the stream channel and can be compared to top-of-bank floodplain
indicators for validation of bankfull discharge. The 3.28 ft (1 m) resolution DEM (Figure 6) shows
very little channel resolution as the surface within the BP shows shades of light blue and green
elevations in the center of the channel progressively getting a darker green toward the margins.
The figure depicts very little elevation change with a relatively flat surface. Local channel slope
was further enhanced by using the Environmental Systems Research Institute grid-based slope

algorithm (ESRI 2018) to provide better insight on terrain changes in Figure 7.
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The slope algorithm (ESRI 2018) DEM (Figure 7) illustrates blue regions as low slope areas (flat)
transitioning to tan-light red to red areas depicting steeper slope areas primarily associated with
the channel margins. The slope DEM provides a better identification of flat pool areas within the
pool-riffle complex.
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Since there was good coverage of LiDAR data points within the channel, the 3.28 ft (1 m) DEM
was reprocessed to a higher raster resolution of 1 ft (0.27 m). To develop greater resolution, the
original point cloud data were reprocessed (Figure 8) (Haring et al. 2019).
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Figure 8. The reprocessed Sinsinawa River reach DEM with 1 ft (0.27 m) resolution.

To provide more detailed channel feature delineation, additional analysis was completed using the
new 1 ft (0.27 m) resolution (Figure 9). The surface can then be used to compare slope changes
throughout the reach and bankfull indicators developed at cross-section locations. The increased
resolution allows for the determination of bed forms like the riffle-run and pool sequences that are
illustrated. The pool areas are depicted with green squares; riffle-run areas as yellow ovals; point
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bar as purple squares; and connected overbank floodplain areas as orange oval. Mapping these
morphological channel characteristics and habitats within the channel and adjacent floodplain
margins provides valuable information for habitat assessments and focused near-channel
floodplain-connected restoration areas.
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Figure 9. The reprocessed Sinsinawa River enhanced DEM with slope algorithm 1 ft
(0.27 m) resolution; green squares are pool; yellow ovals are riffle-run; purple
is point bar; and orange oval is connected overbank floodplain area.
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Channel Conditions and Data Dropout Zones (DPZ). The timing and physical stream
channel conditions when LiDAR data are collected can greatly impact the accuracy and usefulness
for geomorphic analysis. For example, high water, ice, or snow can have substantial impact on
LiDAR collection accuracy. High water conditions result in deeper channel conditions, so loss of
depth can be an issue. Ice and snow can cause reflection and data collection issues, decreasing
terrain resolution. During summer growing seasons, vegetation can affect the vertical data point
collection extent and accuracy. Thick, heavy vegetation cover or understory generally increase
LiDAR ground elevation errors (Contreras et al. 2017). For example, in the LIDAR-HGR study
(Haring et al. 2019), LiDAR data were collected over several years and at different times during
the year. Seven Illinois sites, nine lowa sites, and twelve Wisconsin sites were collected between
May 2007 through December 2011. After reviewing aerial photos and hydrologic data from each
gage site in Illinois and Wisconsin, all sites were determined to be ice and snow free with no
discernable vegetation. However, some of the Iowa sites were collected in May and June of 2007
and had well-established vegetation during LiDAR data collects. The gage sites were located on
the North Fork of the Little Maquoketa River in Iowa.

LiDAR acquisition for the North Fork of the Little Maquoketa River occurred during the months
of May and June with full vegetation conditions limiting data coverage in some locations. DPZ
were encountered where hanging or thick vegetation, or possibly the angle of the bluff line blocked
LiDAR data acquisition sensor pulses and returns from gathering underlying ground and water
surface data points (Figure 10). When the DPZs occurred, cross sections were adjusted upstream
or downstream where greater confidence in the LiDAR point cloud data and associated DEM
coverage were available. If there are excessive amounts of data dropout areas, then a field survey
may be required to gather the required data for those locations.

~ANorth Fork Little
Maquoketa:

Data Dropout Zones

Figure 10. Example of a LIDAR DPZ on the North Fork Little Magquoketa River.
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CONCLUSION: LiDAR high-resolution terrain data are being used extensively in geomorphic
studies as technology continues to improve and geomorphologists discover new applications. In
recent studies in Italy (Caroti et al. 2013: De Rosa et al. 2019) and the United States (Haring et
al. 2019; Haring et al. 2020; Haring and Biedenharn 2021), geomorphic assessment methods and
tools (FG) were developed to study morphological channel signals within the active river
channels and floodplains. As a precursor to FG, the LIDAR-HGR (Haring et al. 2019) approach
was successfully developed to derive region hydraulic geometry relationships exclusively using
LiDAR high-resolution terrain data. LIDAR data usage provides important lessons learned on the
use of hydro-modifications, data resolution enhancement capabilities, criteria for the best
riverine geomorphic assessments, and identification of data dropout areas. Moreover, there are
time and costs saving advantages for LIDAR surveying applications as they will continue to be
improved as the technological advances increase (Mayfield 2015; Contreras et al. 2017). Further
applications of LiDAR in geomorphic studies are currently being developed using the FG
toolbox (Haring et al. 2020). As LiDAR resolution and usage increases and is coupled with cost
decreases, more detailed temporal and spatial geomorphic watershed studies will be possible.
Additional LiDAR applications and research are imperative to further the science of geomorphic
studies and interpreting high-resolution terrain data.

Additional Information: This Coastal and Hydraulics Engineering Technical Note (CHETN)
was prepared by Christopher Haring (Christopher.P.Haring(@usace.army.mil) of ERDC, CHL,
River Engineering Branch. At the time of publication of this CHETN, David May was Chief of
the River Engineering Branch. This CHETN should be cited as follows:

Haring, C. H. 2021. Data Collection Tools for River Geomorphology Studies:
LiDAR and Traditional Methods. ERDC/CHL CHETN-VII-25. Vicksburg, MS:
US Army Engineer Research and Development Center.
hitp.//dx.doi.org/10.21079/11681/42502

REFERENCES

ASPRS (American Society for Photogrammetry and Remote Sensing). 2014. “Accuracy Standards for Digital
Geospatial Data. American Society for Photogrammetry and Remote Sensing.”
http://www.asprs.org/a/society/divisions/pad/Accuracy/Draft ASPRS Accuracy_Standards for_Digital Geosp
atial_Data_PE&RS.pdf

Beaverson, S. K. 2020. “Illinois LIDAR Acquisition by Year. Illinois Height Modernization (ILHMP): LiDAR Data.”
https.//clearinghouse.isgs.illinois.edu/lidar/Acquisition_Year 2020.pdf

Caroti, G., F. Camiciottoli, A. Piemonte, and M. Redini. 2013. The Accuracy of LiDAR-Derived Elevation Data for
the Geometric Descriptions of Cross-Sections of a Riverbed. Vol. XL-5/W3. International Archives of
Photogrammetry, Remote Sensing, and Spatial Information Sciences.

Cavalli, M., P. Tarolli, L. Marchi, and G. Dalla Fontana. 2008. “The Effectiveness of Airborne LiDAR Data in the
Recognition of Channel Bed Morphology.” Catena 73 (3): 249-260. doi:10.1016/j.catena.2007.11.001.

Contreras, M. A., W. Staats, J. Yiang, and D. Parrott. 2017. “Quantifying the Accuracy of LiDAR-Derived DEM in
Deciduous Eastern Forests of the Cumberland Plateau.” Journal of Geographic Information System 2017(9): 339—
353. http://www.scirp.org/journal/igis

De Rosa, P., A. Fredduzzi, and C. Cencetti. 2019. “A GIS-Based Tool for Automated Bankfull Detection from
Airborne High-Resolution DEM.” International Journal of Geo-Information 8: 480. doi:103390/ijgi8110480

15


mailto:Christopher.P.Haring@usace.army.mil
http://dx.doi.org/10.21079/11681/42502
http://www.asprs.org/a/society/divisions/pad/Accuracy/Draft_ASPRS_Accuracy_Standards_for_Digital_Geospatial_Data_PE&RS.pdf
http://www.asprs.org/a/society/divisions/pad/Accuracy/Draft_ASPRS_Accuracy_Standards_for_Digital_Geospatial_Data_PE&RS.pdf
https://clearinghouse.isgs.illinois.edu/lidar/Acquisition_Year_2020.pdf
http://www.scirp.org/journal/igis

ERDC/CHL CHETN-VII-25
December 2021

Dietterick, B. C., R. White, and R. Hilburn 2012. Comparing LiDAR-Generated to Ground- Surveyed Channel Cross-
Sectional Profiles in a Forested Mountain Stream. Gen. Tech. Rep. PSW-GTR-238. Albany, CA: Pacific
Southwest Research Station, Forest Service, US Department of Agriculture.

ESRI (Environmental Systems Research Institute). 2018. ArcGIS Desktop (version 10.5.1). Redlands, CA:
Environmental Systems Research Institute. Attps.://desktop.arcgis.com/en/

Faux, R. N., J. M. Buffington, M. G. Whitley, S. H. Lanigan, and B. B. Roper. 2009. “Use of Airborne Near-
Infrared LiDAR for Determining Channel Cross-Section Characteristics and Monitoring Aquatic Habitat in
Pacific Northwest Rivers: A Preliminary Analysis [Chapter 6]. PNAMP.
hitps.://www.fs.fed.us/rm/pubs_other/rmrs_2009 faux_r001.pdf

Gaurav, S. G. 2017. Light Detection and Ranging (LiDAR): Technologies and Global Markets. BBC Research
Editorial and Research. http://blog.bceresearch.com/brief-history-of-lidar-evolution-and-market-definition

Goodman, D. 2021. “What is Digital Photogrammetry?”” EasyTechJunkie Website.
https.://www.easytechjunkie.com/what-is-digital-photogrammetry.htm

Hamshaw, S. D., T. Bryce, D. M. Rizzo, J. O’Neil-Dunne, J. Frolik, andN. M. Dewoolkar. 2017. “Quantifying
Streambank Movement and Topography Using Unmanned Aircraft System Photogrammetry with Comparison to
Terrestrial Laser Scanning.” River Res Applic. 2017: 1-14.

Haring, C. H., F. H. Weirich, B. D. Cramer, J. A. Dorale, T. C. Foster, and L. J. Weber. 2019. An Assessment of a
LiDAR-based Approach for Estimating Hydraulic Geometry Regional and Regime Relationship Curves for the
Southern Driftless Area of the Midwest.
https://www.progquest.com/docview/2378093918/fulltextPDF/10425356224547C5PQ/1?accountid=26153

Haring, C. H., C. H. Theiling, and M. P., Dougherty. 2020. Rapid Watershed Assessment Planning Tools Based on
High-Resolution Terrain Analysis. ERDC/CHL CHETN-VII-22. Vicksburg, MS: US Army Engineer Research
and Development Center. htp.//dx.doi.org/10.21079/11681/36714

Haring, C. H., and D. W. Biedenharn. 2021. Channel Assessment Tools for Rapid Watershed Assessment. ERDC/CHL
CHETN-VII-22. Vicksburg, MS: US Army Engineer Research and Development Center.

James, L. A., D. G. Watson, and W. F. Hansen. 2007. “Using LiDAR Data to Map Gullies and Headwater Streams
under Forest Canopy: South Carolina, USA.” Catena 71: 132—-144.

Jones, J. 2006, “Side Channel Mapping and Fish Habitat Suitability Analysis Using LiDAR Topography and
Orthophotography.” Photogrammetric Engineering and Remote Sensing 72(11): 1202—-1206.

King, V. 2017. “What Do Drones, LiDAR Mean for Aerial Surveying, Mapping? Point of Beginning.”
https.:.//www.pobonline.com/articles/100909-what-do-drones-lidar-mean-for-aerial-surveying-mapping

Kinzel, P. J., C. W. Wright, J. M. Nelson, and A. R. Burman. 2007, “Evaluation of an Experimental LiDAR for
Surveying a Shallow, Braided, Sand-Bedded River.” Journal of Hydraulic Engineering 133(7): 838—842.

Mayfield, B. 2015. “The Mapping Match: LiDAR versus Traditional Topo. Point of Beginning.”
https.://www.pobonline.com/articles/97670-the-mapping-match-lidar-v-traditional-topo

McKean, J., D. Nagel, D. Tonina, P. Bailey, C. W. Wright, C. Bohn, and A. Nayegandhi. 2009. “Remote Sensing of
Channels and Riparian Zones with a Narrow-Beam Quatic-Terrestrial LIDAR.” Remote Sensing 1: 1065-1096.
doi:10.3390/rs1041065

McKean J. A., D. J. Isaak, and C. W. Wright. 2008. “Geomorphic Controls on Salmon Nesting Patterns Described by
a New, Narrow-Beam Terrestrial-Aquatic Lidar.” Frontiers in Ecology and the Environment 6(3): 125-130.

NOAA (National Oceanic and Atmospheric Administration) Coastal Services Center. 2012. Lidar 101: An
Introduction to LIDAR Technology, Data, and Applications. Charleston, SC: NOAA Coastal Services Center.
https.//coast.noaa.gov/data/digitalcoast/pdf/lidar-101.pdf

Tully, M. 2017. “Q&A: Remote Sensing & Mapping Drones.” https://aerialservicesinc.com/drones-ga-mike-tully/

USFS-RBT (US Forest Service-River Bathymetry Toolbox). 2010. htps://essa.com/explore-essa/tools/river-
bathymetry-toolkit-rbt/

16


https://desktop.arcgis.com/en/
https://www.fs.fed.us/rm/pubs_other/rmrs_2009_faux_r001.pdf
http://blog.bccresearch.com/brief-history-of-lidar-evolution-and-market-definition
https://www.easytechjunkie.com/what-is-digital-photogrammetry.htm
https://www.proquest.com/docview/2378093918/fulltextPDF/10425356224547C5PQ/1?accountid=26153
http://dx.doi.org/10.21079/11681/36714
https://www.pobonline.com/articles/100909-what-do-drones-lidar-mean-for-aerial-surveying-mapping
https://www.pobonline.com/articles/97670-the-mapping-match-lidar-v-traditional-topo
https://coast.noaa.gov/data/digitalcoast/pdf/lidar-101.pdf
https://aerialservicesinc.com/drones-qa-mike-tully/
https://essa.com/explore-essa/tools/river-bathymetry-toolkit-rbt/
https://essa.com/explore-essa/tools/river-bathymetry-toolkit-rbt/

ERDC/CHL CHETN-VII-25
December 2021

USACE (US Army Corps of Engineers). 2015. Photogrammetric and LiDAR Mapping. Engineer Manual 1110-1-
1000. Washington, DC: UsS Army Corps of Engineers.
https.//corpslakes.erdc.dren.mil/employvees/policy/EM/EM-1110-1-1000.pdf

Williams, B. S., E. D'Amico, J. H. Kastens, J. H. Thorp, J. E. Flotemersch, and M. Thoms. 2013. “Automated Rivering
Landscape Characterization: GIS-Based Tools for Watershed-Scale Research, Assessment, and Management.”
Environmental Monitoring and Assessment 185: 7485-7499.

Wright, C. W., J. C. Brock, N. Nayegandhi, and P. J. Kinzel. 2006. “The NASA Experimental Advanced Airborne
Research LiDAR: A Cross-Environment LiDAR.” EOS Transactions, American Geophysical Union 87(52), Fall
Meeting Supplement, Abstract GS3E-04. htips://ui.adsabs.harvard.edu/abs/2006AGUFM.G53E..04W/abstract

NOTE: The contents of this technical note are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such products.

17


https://corpslakes.erdc.dren.mil/employees/policy/EM/EM-1110-1-1000.pdf
https://ui.adsabs.harvard.edu/abs/2006AGUFM.G53E..04W/abstract

	PURPOSE
	BACKGROUND
	LiDAR PLATFORMS
	GEOMORPHIC ANLAYSIS USING LiDAR
	COMPARISON OF DATA COLLECTION METHODS
	Airborne LiDAR Versus Topographic Field Survey (GPS)
	Airborne LiDAR Versus Photogrammetry Survey Collection Methods
	AIRBORNE LiDAR ADVANTAGES
	AIRBORNE LiDAR DISADVANTAGES
	DATA ANALYSIS USING EXISTING AIRBORNE LiDAR
	Hydro-Modification (Water Surface Slope Resolution)
	LiDAR Resolution
	Channel Conditions and Data Dropout Zones (DPZ)
	CONCLUSION
	Additional Information
	REFERENCES


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice





