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EXECUTIVE SUMMARY 

The Utah State University Ecogeomorphology & Topographic Analysis Lab collected topography and bathymetry 

data in April and November 2010 in the ten survey reaches of Bridge Creek using  a mix of rtkGPS, total station and 

terrestrial laser scanning technologies.  Aerial photography was collected using unmanned aerial vehicles in 

November 2010.  Data was processed and digital elevation models (DEMs) of each survey reach were created.  The 

DEMs derived from each 2010 survey reach were differenced with 2009 survey reaches to produce DEMs of 

difference (DoD) and estimate sediment budgets.  From each change detection analysis between 2009 and 2010, 

the total area of deposition, total area of erosion, the net volume difference, total volume of deposition, total 

volume of erosion, and total volume of difference were calculated. These change detection analyses show that the 

majority of the volumetric change from 2009 to 2010 is net depositional by about 21% of the total volumetric 

change recorded (600 m
3
).  All four treatment reaches show net deposition, and of the six control reaches, four 

also show net depositional signals. This report simply highlights these preliminary findings from one-year of post 

restoration treatment data.   We recommend that the topographic surveys be repeated every November after leaf-

off so that a consistent record of annual sediment budgets can be calculated.  We also recommend that if major 

changes from large floods are experienced or if adaptive maintenance or installation of new BDSS is undertaken, 

focused repeat topographic surveys should be undertaken responsively in between the annual surveys.  
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BACKGROUND  

As part of an ongoing monitoring campaign to look at the effectiveness of a restoration treatment in the Bridge 

Creek Intensively Monitored Watershed, the Utah State University Ecogeomorphology & Topographic Analysis Lab 

has been monitoring physical changes to instream and riparian habitat since 2009 (Eco Logical Research Inc., 

2009). Pollock et al. (2011) describe details of the restoration treatment, which involves partnering with beaver to 

encourage beaver dam building activity to aggrade an incised channel, promote floodplain reconnection, and 

overall improvement of in-channel and riparian habitat quality and complexity. ¢ƘŜ ǊŜǎǘƻǊŀǘƛƻƴ ǘǊŜŀǘƳŜƴǘΩǎ 

primary intervention is to use wooden fence posts to support existing beaver dams and encourage the 

establishment of new beaver dams. These posts are known as beaver dam support structures (BDSS), and are 

intended to buy the beaver time to establish stable colonies (Pollock et al., 2011), in an incised channel that dams 

typically blow out from high flows and prevent long-term benefits of ecosystem services from beaver dams from 

persisting.   

The monitoring products collected in 2010 are reported here. Our annual topographic survey field campaign was 

conducted from November 2
nd

 through the 19
th
, 2010. The goal of the field campaign was to provide repeat high-

resolution spatial documentation (via topographic data) of treatment and control conditions in Bridge Creek. Aerial 

imagery was collected in April 2010 and October 2010 using low-altitude Unmanned Aerial Vehicles (UAV) from 

¦ǘŀƘ {ǘŀǘŜ ¦ƴƛǾŜǊǎƛǘȅΩǎ AggieAir (http://aggieair.usu.edu). Together, the aerial photographic and topographic data 

collected is intended to detect, monitor, and quantify geomorphic change within the ten monitoring reaches units 

along Bridge Creek (Figure 1). This report is not intended to summarize findings or interpretations of the ongoing 

monitoring and analysis efforts. Instead, this report simply reports the results of the surveys and some preliminary 

change detection analyses from the first year of monitoring (i.e. two surveys).  

STUDY SITE  

The lower 25 km of Bridge Creek in eastern Oregon, USA (44.6492°N, 120.2455°W) are the focus of the Bridge 

Creek IMW. This brief study site description is adapted from Pollock et al. (2011). Bridge Creek is a 710 km
2
 

watershed draining northwesterly into the lower John Day River with elevation ranges from 500 m at the mouth to 

780 m at the upper end of our study site, to 2,078 m at Mt. Pisgah, the highest point in the watershed. Average 

annual cumulative precipitation in Bridge Creek at 800 m elevation is 28.7 cm with an additional 46.2 cm of snow 

occurring in the fall, winter, and spring months. Average daily maximum and daily minimum winter (November ς 

April) temperatures of 9.6 and -1.9°C, respectively. Temperature and precipitation data were obtained from 

National Climate Data Center station 355638 (available at: http://www.ncdc.noaa.gov/oa/ncdc.html). 

Most of the mainstem and lower tributary reaches of Bridge Creek are incised and thus the riparian vegetation is 

generally limited to a very narrow band along the stream. Riparian vegetation in this portion of the river is 

dominated by willows (Salix spp.), primarily coyote willow (S. exigua) and to a lesser extent S. monochroma, S. 

lasiandra, S. prolixa and S. amygdaloides. The geology of Bridge Creek is dominated by thick layers of basalt and 

andesite that originated from numerous lava flows of the Eocene and Oligocene period. There are also substantial 

areas of highly erosive volcanic ash known as the John Day Formation that originated from a series of volcanic 

eruptions in the Miocene. The surface geology along our study site is generally cohesive, fine-grained quaternary 

alluvium, much of which is derived from the ashes of the John Day formation. Lenses of alluvial gravels and cobble 

are also present in some exposed banks. Where active lateral erosion is taking place into these coarser deposits, 

they are an important source of coarse sediment for the construction of active bars, which provide critical 

http://aggieair.usu.edu/
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spawning habitat for steelhead. Some reaches contain occasional bedrock outcrops that help limit the depth of 

incision.  

Soils on the site are diverse and range in field texture from silty clay loam near the present stream to coarse loamy 

sand on the lower terraces. Soil bulk density values range from 1.4-1.5 g cm-3 while porosities range from 52-57% 

(Lowry 1993). Sediment loads within Bridge Creek are high, due to the erosive nature of the John Day Formation, 

the sparse vegetation and the high intensity, short duration rainfall events that are common to the region in the 

summer months.  

 

Figure 1 - Location of restoration assessment units in Bridge Creek, surveyed as part of the November 2010 field campaign. 
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FIELD METHODS 

Three crews worked simultaneously to acquire bathymetric data of the channel, and acquire topographic data of 

the riparian corridor and valley context. Two crews operated RTK GPS to collect topographic and bathymetric data; 

where satellite signals were poor, a Total Station was used.  A third crew operated a terrestrial laser scanner (TLS; 

a.k.a. ground-based LiDaR) at select locations. The methods associated with each type of data collection are 

summarized in the following sub-ǎŜŎǘƛƻƴǎΦ ! ƳƛȄ ƻŦ ǎǳǊǾŜȅƛƴƎ ƳŜǘƘƻŘǎ ǊŀƴƎƛƴƎ ŦǊƻƳ ǘƘŜ ΨǎǘŀƴŘŀǊŘ ƻŦ ǇǊŀŎǘƛŎŜΩ ƛƴ 

ƎŜƻƳŀǘƛŎǎ όŜΦƎΦ ¢ƻǘŀƭ {ǘŀǘƛƻƴ ŀƴŘ Dt{ύ ǘƻ ΨǎǘŀǘŜ ƻŦ ǘƘŜ ŀǊǘΩ ŜȄǇŜǊƛƳŜƴǘal research methods still under development 

(e.g. TLS) were employed.  

Capturing high-resolution spatial data in heavily vegetated riparian settings like Bridge Creek is extremely 

challenging. High-resolution spatial data is sought because it will enable derivation of a rich range of habitat and 

geomorphic metrics, as well as providing data precise enough to support change detection through repeat 

monitoring. Unfortunately, no single method is able to provide all the desired spatial data and as such a hybrid of 

the above approaches was employed to build a complete spatial dataset of each reach. 

SURVEY CONTROL 

A total of 66 benchmarks were established in Bridge Creek by a professional surveyor in 2009. Benchmarks in 

conjunction with a ground survey control network, also established in 2009, ensures all survey data are positioned 

appropriately in geographic space. This is important for two reasons: 1) to allow all data sets to overlay reasonably 

accurately in a GIS, and 2) to facilitate change detection analyses from monitoring surveys. All spatial data has 

been projected into the UTM Zone 10N, NAD 1983 projection to facilitate overlay of different layers in GIS.   

Leica GPS base stations (models 1200 & GS15) with Pacific Crest radios (for transmitting real-time kinematic (RTK) 

differential corrections to the rover) were established over primary benchmarks (one at each reach). UTM 

coordinates were used to define the location of the base stations. Leica GPS Rovers (models 1200 & GS15) 

operating in RTK mode were then used to pull in as many control points as possible. To collect the remaining 

control points, in areas without satellite signal, a Leica 1203+ Total Station was used to traverse from known points 

(acquired with GPS), to the unknown points. 

TOPOGRAPHY AND BATHYMETRY  

!ǎ ǿƛǘƘ ǘƘŜ ŎƻƴǘǊƻƭΣ ōŀǘƘȅƳŜǘǊȅ όǘƻǇƻƎǊŀǇƘȅ ōŜƴŜŀǘƘ ǘƘŜ ǿŀǘŜǊΩǎ ǎǳǊŦŀŎŜύ ǿŀǎ ŎƻƭƭŜŎǘŜŘ ǳǎƛƴƎ Leica GPS Rovers 

where possible, and an auto-tracking Leica 1203+ Total Station everywhere else. In most reaches of Bridge Creek, 

the GPS was usable for the bathymetry surveys.  The bathymetric surveys were conducted to capture the major 

grade brakes and geomorphic units (e.g. pools, bars, etc.) within the channel. Codes were used to segregate the 

data points, during collection, into the following classes of interest: top of bank (TOP), toe of bank (TOE), left edge 

of water (LEW), right edge of water (REW), grade break (GB), beaver dam (BD), beaver dam support structures, 

bathymetry (OS) and dry land (TOPO). Additionally, the RTK GPS allowed for the creation of break lines between 

data points of linear features, such as LEW, during data collection. Segregation of points and creation of break lines 

during data collection in the field greatly reduces the post processing time and errors in data interpretation during 

DEM development.  

Point spacing was semi-regular (1 point every 1-2 meters) feature-based morphologically stratified sampling 

scheme (Wheaton, 2008).  Point densities varied spatially with higher point densities (e.g. 2-3 points/m2) in 
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topographically complex areas and lower point densities in topographically simple areas. For traditional ground-

based GPS and total station  surveys of wadeable streams and rivers, point densities of 0.2 to 0.4 points per square 

meter are considered adequate resolution to represent most morphological and habitat features, whereas point 

densities in excess of 1 point per square meter are considered high resolution (Wheaton, 2008). Average point 

density for all reaches was (.52). Point density for the 2010 data is available in the summary below. 

A Leica ScanStation2 terrestrial laser scanner (TLS) was used to acquire topographic data of beaver dam support 

structures and other highly dynamic locations, such as beaver dams and the surrounding area of influence.  A TLS 

was used instead of a GPS or total station given that the 

TLS has a point acquisition rate of between 1000 and 

50,000 points per second (a fast surveyor can acquire 1 

point every 3-5 seconds with a GPS or Total Station).  

Thus, with the same level of effort, 2-3 orders of 

magnitude more data can be acquired. The high 

accuracy and precision of the point cloud data can 

facilitate exceptionally low minimum levels of detection 

in change detection analyses. Additionally, riparian 

vegetation, large woody debris, debris jams, and beaver 

dams are extremely difficult to measure and characterize 

with traditional ground-based survey techniques like GPS 

and TS and cannot typically be resolved from remotely 

sensed airborne or satellite data.  As such, TLS provides a 

unique opportunity to directly record and measure the 

physical state of precisely the features that are used in 

the restoration experiments. 

In 2009 the TLS was used to acquire full topographic 

coverage along all reaches. However, this method 

presented many challenges in the acquisition of data as 

well as post processing (Eco Logical Research Inc., 2009). 

TLS suffers from the same line-of-sight problems that 

total station surveys do. Thus, in areas of thick 

vegetation it can only capture data for what it can see. 

Ψ{ƘŀŘƻǿǎΩ ƻǊ ōƭŀƴƪ ŀǊŜŀǎ ƻŦ Řŀǘŀ ŀǊŜ ŦǊŜǉǳŜƴǘƭȅ 

encountered due to line of sight limitations. Post-

processing of these data sets to obtain bare earth DEMs 

was found to be less efficient, for complete coverage of 

all reaches, than using the RTK GPS and TS. Another 

drawback is that the TLS does not penetrate the water 

surface in a predictable manner.  

Each TLS instrument setup was over a known control point (the same control points described above and used in 

the total station survey).  Point clouds, were then georeferenced according to the control network.  Point densities 

over the surveyed regions varied from 0 to 8600 points/m2 with an average point density of 4308 points/m
2
.   

 

Figure 2.  Total station base unit (A) requires a line of sight to a 

prism-mounted survey rod (B).   An rtkGPS base unit (C) sends 

differential position corrections to a rover unit (D) and only 

requires one person to operate. Figure from Bangen et al. (2011) 
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In 2010, data was collected using the Terrestrial Laser Scanner and Real Time Kinematic Global Positioning System 

only.  Table 1 below summarizes data collected during the November 2010 field campaign via the TLS and RTK GPS.  

Roughly 215 million TLS points were collected and roughly 60,000 RTK GPS points were surveyed. TLS surveys were 

only conducted this year of Upper Owens, Meyers Camp, Boundary, Pats Cabin and Sunflower opportunistically at 

some of the most interesting beaver dams. By contest in 2009, we attempted to survey the entire reaches. The 

GPS surveys by contrast covered the entire reach again this year and varied between 2500 and 12,000 points per 

reach.  

Reach Number Reach Total Points TLS Points GPS Points

Point Density in DEM 

GPS points/Survey AreaSurvey Area sq meters

BC 04 UPPER OWENS 26,602,060 26,599,506 2,554 0.83 3,087

BC06 LOWER OWENS 11,726 11,726 0.65 17,992

BC07 WOODWARD 2,839 2,839 0.47 5,984

BC08 Meyers Camp 33,995,620 33,990,710 4,910 0.41 12,052

BC16 VIP 5,336 5,336 0.63 8,464

BC18 MONUMENT 7,373 7,373 0.44 16,740

BC22 BOUNDARY 17,878,193 17,875,051 3,142 0.67 4,705

BC24 PATS CABIN 99,194,237 99,188,599 5,638 0.22 25,896

BC26 CORRAL 11,842 11,842 0.48 24,431

BC28 Sunflower 37,631,663 37,626,228 5,435 0.36 15,196

Total/column 215,340,889215,280,094 60,795 134,547

Average 43,056,019 6,080 0.52
Table 1 ς Survey Summary Statistics for 2010 topographic surveys by reach. 

 

 

AERIAL PHOTOGRAPHY ς UNMANNED AERIAL VEHICLE SURVEYS 

 

Figure 3 -    UAV Drone (A) equipped with RGB and NIR digital cameras (B). 

Aerial photography was provided by AggieAir Flying Circus of the Utah Water Research Laboratory using 

unmanned aerial vehicles (UAV). Their surveys covered approximately a 25 kilometer corridor with 300 meter or 

greater width. Images were collected in April of 2010 and October of 2010. The raw images are orthorectified using 

the position and orientation of the aircraft at the time the pictures were taken. Even though this method quickly 

delivers georeferenced data, there will be position errors in the images due to the inherent errors of the aircraft 

sensors (GPS and IMU). The images are then manually georeferenced in ENSO-Mosaic to more accurately 
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georectify the imagery with reference to pre-existing imagery (e.g. 2005 Aerials from Watershed Sciences). The 

mosaic image resolution is 0.10 meters which provides significant detail (Figure 4). The images are delivered as 

mosaicked geotiffs (*.tif), which can be imported and used in most conventional GIS software. These images are 

hosted on the ET-AL server, which ELR has direct access to. A reduced resolution *.kml version of the surveys is 

also provided as a deliverable and has the distinct advantages of being very small (e.g. < 5KB), making it possible to 

email, and easy to navigate and view in Google Earth. Below is an example image from Bridge Creek near Painted 

Hills National Monument. See Also Appendix A of Pollock et al. (2011) for maps of each reach using the UAV 

imagery. 

 

Figure 4 ς Example of high resolution of UAV imagery at the Painted Hills National Monument visitor center from the October 2010 UAV flight.  

The KMLs are available for download at: http://www.joewheaton.org/Home/research/study-sites/bridge-

creek/2010-bds-structures. Note that all of the BDSS files have both the October 2010 and April 2010 UAV surveys 

(Figure 5). 

http://www.joewheaton.org/Home/research/study-sites/bridge-creek/2010-bds-structures
http://www.joewheaton.org/Home/research/study-sites/bridge-creek/2010-bds-structures
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Figure 5 - Screenshot from Google Earth illustrating the October 2010 UAV imagery draped over the terrain. This example is from the Sunflower 

treatment reach and shows the pushpins denoting each structure type and the balloons at each structure which provide links to the BDSView 

PDFs and links to geo-tagged Picassa albums of every structure. Available at: http://www.joewheaton.org/Home/research/study-sites/bridge-

creek/2010-bds-structures. 

 

POST PROCESSING  

TOPOGRAPHY AND BATHYMETRY 

The 2010 topographic and bathymetric data consists of a combination of GPS and TLS data in select locations. All 

data have been registered in the same coordinate system (UTM Zone 10N, NAD 1983 projection). All post 

processing of GPS data was done in LGO (Leica Geo Office). The raw topographic data has been post-processed and 

checked for position and height quality. The lines created in the field are checked and sections of lines are 

http://www.joewheaton.org/Home/research/study-sites/bridge-creek/2010-bds-structures
http://www.joewheaton.org/Home/research/study-sites/bridge-creek/2010-bds-structures
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connected as required. The topographic data points collected with the GPS were separated from the control points 

and exported from LGO in an *.csv format, and lines are exported as a shapefile. The points and lines are used to 

construct TINs and digital elevation models.  

The TLS post-processing was done in Cyclone. First, all scans in each reach were co-registered to a common 

assumed local coordinate system and then transformed onto the same coordinate system as the control and 

bathymetry data (i.e. UTM Zone 10N, NAD 1983 projection). Next, noise in the scan data was manually filtered 

including vehicles, people, survey equipment and other features that do not represent the landscape. Then key 

plans were produced in Cyclone, to easily visualize the survey workflow and datasets within Cyclone. To facilitate 

use of the point cloud data in other point cloud software, the point clouds were exported for each reach into a 

*.pts format, which is a generic ASCII point cloud format.  

The *.pts versions of the processed point clouds are fine for point cloud software, but at file sizes ranging from 1 to 

4 GB, they cannot be practically used in most GIS applications. Most CAD and GIS programs are not designed to 

handle the high-density point clouds produced by TLS data. A point-cloud decimation algorithm called PCTools 

(Rychkov et al., 2010) was used to reduce the point clouds from an average of 4308 points/m
2
 down to 1 point per 

0.5 m x 0.5 m cell (i.e. 4 points/m
2
) and down to 1 point per 3 m x 3 m cell (i.e. 0.11 points/m

2
).  These are data 

densities that standard CAD and GIS packages can handle for digital terrain and elevation modeling. The 

decimation algorithm produces a variety of outputs:  

¶ At the center of each cell: minimum elevation, maximum elevation, mean elevation, elevation range, 

standard deviation of elevation, detrended (for local slope) standard deviation of elevation, detrended 

mean elevation, and a point count (i.e. point density). 

¶ It also exports the coordinate value (x,y,z) of the absolute minimum elevation point and absolute 

maximum elevation point.  

Each of these outputs can be used to produce surface models. For example the elevation range is a good indication 

of vegetation heights, the max is a good model of the tree canopy and can be used to make a terrain model 

(analogous to first return from airborne LiDaR), and the minimum  is a reasonable approximation of a bare earth 

topography. 

 

DERIVED PRODUCTS 

A variety of geospatial outputs are created from the raw topographic data points acquired via RTK GPS, TS, and TLS 

(Figure 6). For example, DEMs can be used to show in channel as well as floodplain topography; water depth maps 

overlaid on this can highlight the presence of pools and bars in the channel as well pick up the beaver dam support 

structures. The UAV imagery can clearly show the BDSS structures and riparian vegetation responses. In figures 7-

14 we show products from the four treatment reaches (these exist for all 10 sites). The topographic data raw 

points (Figures 7, 9, 11, and 13) are used to construct TINs using grade breaks established in the field. The TINs are 

converted to rasters representing the bare earth elevation (DEM) and water depth (shown in Figures 8, 10, 12 and 

14).  
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Figure 6 ς Examples of derived products from topographic and aerial surveys.  
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Figure 7 - Lower Owens treatment reach showing the topographic data points collected via RTK GPS and TS during the November 2010 field 

campaign.  
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Figure 8 - Lower Owens treatment reach showing digital elevation model and water depth rasters derived from 2010 topographic data.  
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Figure 9 - Meyers Camp treatment reach showing the topographic data points collected via RTK GPS and TS during the November 2010 field 

campaign.  
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Figure 10 - Meyers Camp treatment reach showing digital elevation model and water depth rasters derived from topographic data.  
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Figure 11 - Pats Cabin treatment reach showing the topographic data points collected via RTK GPS and TS during the November 2010 field 

campaign.  
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Figure 12 - Pats Cabin treatment reach showing the digital elevation model and water depth rasters derived from topographic data.  
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Figure 13 - Sunflower treatment reach showing the topographic data points collected via RTK GPS and TS during the November 2010 field 

campaign.  














































































