
	 	

CALIFORNIA STATE UNIVERSITY, NORTHRIDGE  

 

 

 

 

 

Unmanned Aerial Vehicle (UAV) 3D Mapping and Laser Bank Profiling  

for Riparian Restoration Monitoring 

 

 

 

A thesis submitted in partial fulfillment of the requirements  

for the degree of Master of Arts in Geography 

 

By 

Forrest B. Brown 

 

 

 

 

 

December 2021 

 



	 ii	

 

The thesis of Forrest B. Brown is approved:  

 

 

 

_________________________________________ ______________  

Dr. Mario Giraldo            Date  

 

 

 

_________________________________________ ______________  

Dr. Ed Jackiewicz            Date  

 

 

 

_________________________________________ ______________  

Dr. Amalie Orme, Chair             Date  

 

 

 

 

 

California State University, Northridge 



	 iii	

ACKNOWLEDGEMENT 

  

 I thank my advisor Dr. Amalie Orme from the Department of Geography, College of 

Behavior and Social Sciences, California State University, Northridge. 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	 iv	

DEDICATION  

 

 I dedicate this thesis to my late father Roger Brown, Professor of Career Counseling, LA 

Pierce College. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	 v	

TABLE OF CONTENTS 

 

Signature Page           ii  

Acknowledgement          iii  

Dedication            iv 

Table of Contents          v 

List of Tables            vii  

List of Figures           viii 

List of Photographs           x 

Abstract            xi 

 

Section 1: Introduction          1 

 1.1 Purpose of Study         3  

Section 2: Background 

 2.1: Study Area          4 

 2.1.A: Climate          6 

 2.1.B: Topography and Geology       8 

 2.1.C: Vegetation          10 

 2.1.D: Cattle Grazing         11 

 2.1.E: Stream Bank Stability        14 

 2.1.F: Riparian Restoration        15 

 2.2: Case Study: LADWP Survey       17 

 2.3: In-Channel Methods        19 



	 vi	

 2.4: Unmanned Aerial Methods       22 

Section 3: Methodology      

 3.1: Adaptation of Cave Mapping Techniques for 

        Stream Bank Profiling        23 

 3.2: 3D Drone Mapping using Image Processing Software    27 

Section 4: Data Presentation         32 

Section 5: Analysis and Results  

 5.1: Laser Bank Profiles        37 

 5.2: UAV 3D Mapping        45 

Section 6: Summary and Conclusion         64 

Works Cited            68 

 

 

 

 

 

 

 

 

 

 

 

 



	 vii	

LIST OF TABLES 

 

Table 1. Differential Analysis of Bank Profiles      44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	 viii	

LIST OF FIGURES 

 

Figure 1. McGee Creek Study Area Map       5 

Figure 2. SNARL Precipitation data        7 

Figure 3. McGee Creek Geology        9 

Figure 4. A-Frame Bank Profiling Rig       20 

Figure 5. Bank Morphology Segments       21 

Figure 6. Bank Profile Locations        24 

Figure 7. Laser Range Finder Bank Profiling Rig      26 

Figure 8. Drone Flight Path for Overlapping Photos      29 

Figure 9. Point Cloud           33 

Figure 10. Orthophoto          34 

Figure 11. 3D Model          35 

Figure 12. DEM           36 

Figure 13.1. South Swamp 1C Bank Profile       38 

Figure 13.2. South Swamp 4A Bank Profile       39 

Figure 13.3. West Coral 2.6 Bank Profile       40 

Figure 13.4. West coral 3C Bank Profile       41 

Figure 14. MGSS 1C Laser Profile compared to Traditional Cross Section   42 

Figure 15. MGWC 2.6 Laser Profile compared to Traditional Cross Section  43 

Figure 16. Model 2015         46 

Figure 17. Model 2016         47 

Figure 18. Orthophoto 2015         48 



	 ix	

Figure 19. Orthophoto 2016         49 

Figure 20. DEM 2015          50 

Figure 21. DEM 2016          51 

Figure 22. ArcMap DEM 2015        52 

Figure 23. ArcMap DEM 2016        53 

Figure 24. ArcMap DEM Minus 2015-2016       54 

Figure 25. Enhanced Model 2015        55 

Figure 26. Enhanced Model 2016        56 

Figure 27. Enhanced Orthophoto 2015       57 

Figure 28. Enhanced Orthophoto 2016       58 

Figure 29. Enhanced DEM 2015        59 

Figure 30. Enhanced DEM 2016        60 

Figure 31. Enhanced ArcMap DEM 2015       61 

Figure 32. Enhanced ArcMap 2016        62 

Figure 33. Enhanced ArcMap DEM Minus 2015-2016     63 

 

 

 

 

 

 

 

 



	 x	

LIST OF PHOTOGRAPHS 

 

Photo 1. Riparian Restoration and Cattle Grazing Signage     12 

Photo 2. Cattle Grazing at McGee Creek       12 

Photo 3. McGee Creek Fence Line Green Up      13 

Photo 4. McGee Creek Fence Line Post-Grazing      13 

Photo 5. Bank Slump          14 

Photo 6 and 7. Operating Laser Range Finder Bank Profiling Rig    26 

Photo 8. DJI Phantom 3 Pro with 4K Ultra-High-Definition Camera   28 

Photo 9. Leica GPS Rover with Plastic Ground Control Point Target and Drone  31 

Photo 10. MGSS-1C Reach         42 

Photo 11. MGWC 2.6 Reach         43 

 

 

 

 

 

 

 

 

 

 

 

 



	 xi	

ABSTRACT 

 

 

 

Unmanned Aerial Vehicle (UAV) 3D Mapping and Laser Bank Profiling  

for Riparian Restoration Monitoring 

 

 

 

By Forrest B. Brown 

Master of Arts in Geography 

  

 This study utilized an Unmanned Aerial Vehicle (UAV) and a laser-distance profiler to 

monitor stream channel change and restoration efforts along McGee Creek in Long Valley, 

California. During the mid to late half of the twentieth century, uncontrolled livestock grazing 

led to degradation by ground surface trampling and vegetation biodiversity loss of numerous 

high elevation fluvial channels and their floodplain components in the eastern Sierra Nevada. 

Since the early 1990s, with the support of the Los Angeles Department of Water and Power 

(LADWP), recovery efforts have been emplaced to restore these channels to their pre-grazing 

state to satisfy conservation activists and adhere to environmental policy. Following these 

efforts, traditional surveying teams attempted to monitor channel changes. While most of the 

streams in the restoration program have shown indications of improvement as demonstrated by 

channel bank stability and the return of native riparian vegetation, McGee Creek has been slow 
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to show signs of channel form and biodiversity recovery along its banks. While repeated 

traditional surveying methods take time, money, and careful attention to detail in the field, the 

logical choice to monitor channel recovery was to search for a more streamlined and 

economically practical process. Using a UAV and a laser rangefinder, this study demonstrates 

the ability to monitor channel change rapidly and repeatedly. The results of the study 

demonstrate that McGee Creek is indeed showing positive signs from the rehabilitation efforts.
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Section 1. Introduction 

 

 The impact of uncontrolled grazing by livestock over much of the 20th century in Long 

Valley of eastern California has contributed to the loss of native riparian and meadowland 

vegetation (grass and woody species), channel erosion (bank collapse) and increased aggradation 

of sediment in four tributary streams to Crowley Lake: Convict, McGee, and Mammoth Creeks 

and the Upper Owens River. Efforts to restore stability to these channels and to improve 

ecosystem functionality were begun in the early 1990s with the deployment of stream corridor 

enclosures, fence lines, and the implementation of a more restrictive and rotation-based grazing 

policy by the land-owner Los Angeles Department of Water and Power (LADWP). Convict and 

Mammoth Creeks began a recovery process that continues today, with reduced width-depth 

ratios documented in repeat surveys from 1992 to 1999 (Hill, 2002). However, McGee Creek has 

continued to demonstrate instability characterized by channel widening in some reaches and 

ongoing incision in other reaches despite continued limitations on grazing.   

 Channel transformations in river systems, which have been impacted by grazing, are a 

familiar theme in geomorphology. These livestock induced changes are further exacerbated by 

fluctuating water levels in nearby Crowley Lake—the ultimate local sump for the Owens River 

and the variable discharge from McGee, Convict, and Mammoth Creeks. Further complicating 

this area is the long-term influence of climate on channel recovery in the region. While this vital 

component cannot be addressed in a project of this scope, at the very least, precipitation (rain and 

snow) and discharge events can be examined. However, it is fundamental to understand attempts 

to stabilize channel geometry while promoting more continuous flow since these are critical to 

understanding the broader picture of environmental change in this region. 
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 What makes this present study unique is the fact that these channels ultimately have 

dramatic shifts in gradient and discharge as they flow from mountain watersheds onto the 

continuously deforming landscape of the Long Valley Caldera. To examine the response of 

channel beds and banks to restoration strategies applied to McGee Creek, two new technologies 

were used to determine the nature and rate of change in channel geometry (width and depth) in a 

downstream direction between 2015 and 2016. The first technology utilized was a laser 

rangefinder to map cross sections of bank profiles to show net change of erosion and deposition 

in various reaches of McGee Creek. This method replaces the process of traditional bank 

profiling that typically requires a permanent frame structure to be installed. The laser range 

finder is an efficient and cost-effective approach to mapping bank profiles. 

 The second technology employed was an Unmanned Aerial Vehicle (UAV) to create 

three-dimensional map models of the channel and its immediate floodplain. Using an ultra-high-

definition camera and image processing software, overlapping photos were stitched together 

using common features on the landscape, thus permitting the development of a georeferenced 

orthophoto. The software created a point cloud three-dimensional geometric coordinates of a 

single point on the underlying surface from which the data were meshed, and texture added to 

create the map. The map was exported in multiple file formats for analysis with ArcGIS. 
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1.1: Objectives of the Study 

 To evaluate the response of McGee Creek to restoration strategies, three objectives for 

this study were defined:  

(1) To identify reaches of channel erosion and deposition in McGee Creek  

(2) To determine net erosional and depositional change of channel banks along a 1.2 km reach of 

lower McGee Creek over a one-year period. 

(3) To determine the factors contributing to the apparent continued instability of channel banks 

following restrictions placed on livestock grazing on a lower reach of the watershed. 
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Section 2: Background 

2.1: Study Area  

 The focus of this study is McGee Creek downstream from where the channel crosses 

Highway 395 in Mono County (Figure 1). Located in the Eastern Sierra Nevada of California, 

the McGee Creek watershed is 63 km2, with the headwaters of this creek up-valley from Big 

McGee Lake (3199 m) (37.602, -118.691). Flowing northwards from a glaciated alpine 

environment, the channel ultimately shifts to a northeasterly direction, passing under Highway 

395 at McGee Creek Lodge (2108 m), and finally joining Convict Creek as it debouches into 

Crowley Lake (2072 m) (37.609, -118.750). The reaches selected for this study incorporate 1.2 

km of the 2.0 km length of Lower McGee Creek immediately north of McGee Creek Lodge and 

south of the confluence with Convict Creek (2071 m) (37.605 -118.783).  
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Figure 1. Study Area (modified from USGS Water Data Maps) 
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2.1.A: Climate  

 The study site is characterized by cold wet winters and warm dry summers with variable 

precipitation owing to the rain-shadow effect of the Sierra Nevada to the west. Weather systems 

typically lose much of their precipitation and snowfall on the western slope of the range owing to 

orographic lifting. Typically, 15 to 20 storms affect the area annually, the majority occurring 

December through March with most precipitation falling as rain/snow between 1500 m to 2200 

m and snow above 2500 m. The annual average precipitation for the period 2014 to 2016 was 

recorded at the nearby Sierra Nevada Aquatic Research Lab (SNARL), at 2165 m and 4.36 km 

northwest of the study site (Figure 2). Rainfall during the study period was quite variable but 

also demonstrates the California drought (2012 to 2017) with below average rainfall (~ 250 to 

380 mm) and virtually no snow in the meadow through which McGee Creek flows on its course 

to Crowley Lake. On average only 12% of annual precipitation occurs during the summer 

months as the area is dominated by high pressure with the occasional thunderstorm associated 

with localized instability along the crest and east of the Sierra Nevada. The steep escarpment of 

the range creates a turbulent vortex known as a wind rotor which can develop a phenomenon 

known as a lee wave, where winds oscillate over the valleys, trapping moisture in the upper 

atmosphere and leaving the meadows below dry (Kauffman, 2010). This creates a wide range of 

water discharge from as little as 0.15 m³/s in the fall to as high as 1.0 m³/s in the spring at McGee 

Creek. 
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Figure 2. SNARL Precipitation Date 
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2.1.B: Topography and Geology 

 The topographic relief of the study site ranges from 2108 m to 2072 m.  The highest point 

in the McGee Creek watershed is on Red and White Mountain at 3780 m. As the creek initially 

flows under Highway 395 at McGee Creek Lodge, its elevation drops over this 13.57 km 

distance to 2112 m with a gradient of 0.124. The section between the highway and Crowley Lake 

at 2065 m has an average gradient of approximately 0.015. The highest gradient is at the head 

wall of the McGee Creek watershed between Red and White Mountain and Big McGee Lake 

with a gradient of 0.36. The lowest gradient of 0.0001 is at the confluence of McGee Creek and 

Convict Creek where the valley, though undulating as part of the Long Valley Caldera, is 

relatively 'flat'. The study site has a small gradient of 0.008 as it drops only 8.0 m for every 1.0 

km.  

 The montane reaches of Upper McGee Creek flow through the granitic, metasedimentary, 

and metavolcanic bedrock of the Sierra Nevada. Glaciated during the Pleistocene, the landscape 

of McGee Creek above Highway 395 includes glacial till and glacio-fluvial outwash dominated 

by poorly sorted pebbles, cobbles, and boulders. Once debouching onto the meadowland 

northeast of Highway 395, bedload is dominated by granitic and metasedimentary coarse 

fragments, though the channel itself flows through both glacial debris and Pleistocene volcanic 

deposits of rhyolite, tuff, and ash. These deposits are derived from a massive volcanic event in 

the Long Valley Caldera, approximately 760 ka. This event, and others associated with it in the 

region, produced large quantities of airborne debris that ultimately spread over significant areas 

of the Great Basin. This debris includes the Bishop Tuff that in places in the study area is up to 

150 m in thickness (Figure 3). Following the initial and subsequent eruptions, the volcano 

collapsed thus creating the Long Valley Caldera through which lower McGee Creek flows today. 
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Deformation throughout the Pleistocene and Holocene and well as subsurface disturbances 

experienced in the 1970s and 1980s, has resulted in a continuing bulge tilting the valley from the 

northwest.   

 

Figure 3. McGee Creek Geology 
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2.1.C: Vegetation 

 Vegetation cover in the upper portions of the McGee Creek watershed is sparse but 

ultimately is dominated by subalpine coniferous forest (~3000 m), Great Basin sage association 

(~2400 m) and native and introduced grasses in the meadow areas (~2095 m). Riparian 

vegetation in the study area includes cottonwood, willow, sagebrush, and bitterbrush. A 1984 

study found that water diversion for meadow irrigation led to the replacement of indigenous 

riparian tree, shrub and grass species with invasive species having more xerophytic properties in 

the downstream reaches. Invasive species include, goat grass, cheatgrass, Bermuda grass, 

Mediterranean sage, and Canadian thistle. Harris (1987) suggested the elimination of overbank 

flooding as well as recharge into shallow groundwater reserves by diversion encouraged a 

decrease of native riparian species on alluvial streams.  

 The most significant function of vegetation in this environment is bank stability and its 

root anchoring characteristics. With the loss of riparian vegetation, during times of high flow, 

channel bank failure is common and sediment load into the channel increases. However, with the 

re-establishment of non-diverted discharge, upper channel banks potentially can be stabilized 

with vegetation. During drought periods, low stream flow allows sediment to accumulate at the 

bank slope toe enabling vegetation to grow at lower banks. When this new vegetation 

establishes, it will help decrease in channel erosion as dense roots act to armor the bank. Roots 

mats fortify tensile strength of bank soil and plant cover insulates from the potential of frost 

heave and subsequent rapid melt. This fortification will in turn create a lower velocity buffer 

between the bank and channel flow erosional energy (Zonge, et al., 1996).  
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2.1.D: Cattle Grazing  

 The grazing of cattle is a major source of damage to riparian zones (Photo 1). Combined 

with the loss of vegetation owing to foraging, the movement of cattle exerts a tremendous 

amount of force on the topsoil (Photo 2). The ground pressure exerted by the average cow or 

steer is approximately 250 kPa (36 psi) standing still and can double during movement (Trimble, 

1995). The compaction and degradation caused by the hooves of cattle result in increased erosion 

rates from soil displacement. This decreases infiltration rates from compaction of the subsoil and 

changes the density of the meadow topsoil. This is amplified when the soil is wet, and slope is 

increased. Cattle prefer riparian areas owing to the presence of water, abundant vegetation, and 

shade provided by trees. This makes stream banks particularly susceptible to increased erosion 

rates as cattle graze near the channel and enter the channel for water (Trimble, 1995). In the area 

leased by ranchers from the LADWP, there is a set schedule of grazing periods beginning 

between May and June and ending when 30 to 40% of the meadow grasses have been utilized. 

Cattle are only allowed to return to a pasture if a specified amount of “green-up” (Photo 3 and 4) 

was perceived to have occurred (Power, 2015). 

 A study conducted by the Department of Forest Ecosystems and Society at Oregon State 

University found that increased population of ungulate species (hooved mammals) led to high 

levels of accelerated stream bank erosion as well as major lateral shifts in channels, increasing 

braided reaches (implying a high volume of sediment) and overall channel widening. The 

accompanying decrease of riparian vegetation led to the geomorphic transformation of the 

alluvial channels in downstream reaches with accelerated erosion (Beschta, 2012). Further, 

compacted soils by grazing livestock make it extremely difficult for woody species, such as 

riparian willows, to establish new root systems. 
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Photo 1. Riparian Restoration and Cattle Grazing Signage at McGee Creek (Brown, 2015) 

 

Photo 2. Cattle Grazing, McGee Creek (Brown, 2015) 
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Photo 3. McGee Creek Fence Line Green Up (Robison, 2015) 

 

 

Photo 4. McGee Creek Fence Line Post-Grazing (Robison, 2016) 
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2.1.E: Stream Bank Stability 

 Channel flow volume combined with vegetation type and cover and the impacts of 

compacted soils play a large role in the stability of creek banks. Vegetation acts as a shield 

between the water current and the soil along the banks thus reducing velocity and increasing 

channel roughness with the roots of vegetation protecting banks against erosion (Zonge, et al., 

1996; Beechie, 2010). Factors of sediment transport (erosion), turbulent flow field (mixing), and 

channel form (deposition) play important roles in bank stability. A decrease in sediment transport 

and deposition, along with increases in turbulent flow and erodible channel beds leads to bank 

failure (Scott, 2010).  

 While fluvial processes control the overall rates of bank erosion and deposition, failure of 

upper banks generally results from gravity. As the bank is undercut by the flow of the channel, 

the combination of grazing cattle and gravity put vertical force on the upper bank leading to 

collapse. This failed material is then removed by stream flow creating more vertical banks that 

are subject to more collapse (Zonge, et al., 1996). Collapse of undercut banks will continue until 

they achieve an angle of repose (the point of angle equilibrium where erosion and deposition are 

equal), at which point the bank will cease to slump (Photo 5).   

 

Photo 5. Bank Slump (Orme, 2015) 
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2.1.F: Riparian Restoration 

 Restoration of riparian zones has been an important issue in watershed management. 

Riparian zone restoration attempts to reestablish stable channel banks, reduce sediment loss, and 

encourage more efficient channel flow. Further, restoration efforts potentially affect water 

quality and increase the health of river habitat (Eubanks, 2004). It is essential to identify the 

causes of the habitat degradation and not just the symptoms so that continuing restoration is 

focused on critical factors such as the volume of suspended sediment. This delivers vital 

downstream floodplain enhancement while encouraging flushing through vital channel reaches 

which support habitat for fish and local mammal populations, such as otters. While individual 

site actions work for reach level issues, larger challenges at the watershed level demand a more 

coordinated effort to reconnect upper, middle, and lower channel continuity (Beechie, 2010).  

 California is conducting its riparian restoration projects under the California Riparian 

Habitat Conservation Program (CRHCP). Numerous organizations are contracted to perform 

monitoring of these studies and contribute to various databases such as California Habitat 

Restoration Project Database (CHRPD), a cooperative project of the California Department of 

Fish and Wildlife. The databases incorporate information on the design and implementation of 

the projects, monitoring methods and records, evaluation of success rates, project costs and 

lessons learned from project results. These databases create a linkage of the preimpact period to 

human influences of the present day and restoration actions of the future. Improved and 

standardized documentation is required so that success and failure rates of separate restoration 

projects can be properly compared. Costs of implementation and subsequent monitoring of these 

projects fluctuate drastically. In California, there are consistent delays to the application of 

restoration projects owing to the delays in permits requested because of the physical scale of 
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areas in need of attention, and, of course, property rights. In many cases riparian zones exist on 

both public and private lands creating problems when trying to conduct full-scale restoration 

projects (Shah, 2007). 

 The intent of restoration projects includes riparian vegetation species control, water 

quality management, in-stream species enhancement and habitat improvement, dam removal or 

retrofit for fish bypass, floodplain reconnection, channel reconfiguration, bank stabilization, and 

aesthetics/education/recreation. Rehabilitation processes include a combination of physical, 

biological, chemical and photo monitoring over time (Kondolf, 2007). A principal example of 

on-going long-term river restoration in California is the Sacramento River. Research has 

demonstrated that the most sustainably strategic method of ecological riparian restoration is to 

allow a fluvial channel to “heal itself”. Historically along the Sacramento River, restoration 

projects have been oriented towards bank stabilization by placing large logs and boulders, and by 

planting woody species. This prevented erosion which was perceived as negative, ignoring 

sediment transport and deposition which are crucial to maintain complex channel forms. By 

allowing the normal processes of flooding, erosion, transport, and deposition to take place the 

most effective and sustainably approach to river restoration was achieved. Establishing a natural 

erosional corridor by removing artificially placed barriers, setting structures back, removing 

evasive plant species and planting native vegetation has allowed the Sacramento River to self-

heal by promoting sediment load transport and trapping (Kondolf, 2011). 
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2.2: Case Study: LADWP Survey 

 The LADWP has been conducting surveys of waterways undergoing restoration in the 

Upper Owens River Watershed beginning in the early 1990s. The 1972 Clean Water Act 

established federal guidelines governing water pollution and environmental advocates have 

worked to restore and maintain the chemical, biological, and physical integrity of the local 

waterways. Local fishing activist groups found that the rivers and creeks of the Long Valley 

Caldera were being vastly altered by nutrient loading from grazing livestock manure killing 

young trout as reported in 1992 by the Los Angeles Times. U.S. Fish and Wildlife Services 

began monitoring fish populations under the Endangered Species Act (1973) when it was found 

that 80% of California’s fish population had begun to decline, including near extinct speckled 

dace (Rhinichthys osculus) unique to the Owens River watershed (Moyle, 1995). 

  After it was determined by the Owens Valley Committee (established 1983) that land use 

practices over the second half of the 20th century were improperly managed, the LADWP has 

spent over 20 years implementing rehabilitation of the riverine ecosystems. The Upper Owens 

Watershed Management Plan was created and seeks to improve water quality, evaluate riparian 

vegetation change, and implements “Best Management Practices” to avoid disturbances to 

channel systems. In their recovery report on the riparian ecosystems, several causes of 

restoration requirement	were identified, including land and water use management due to 

development, recreation, grazing, logging practices, and stream diversion (Hill, 2002).  

 With over 85% of stream miles affected by damming and irrigation, grazing for over a 

century has not helped the riparian communities in the Upper Owens River watershed. Cattle 

grazing conducted in riparian zones is easily managed owing to the relatively flat terrain, 

vegetation, and water availability in the wide shallow streams. As cattle tend to migrate towards 
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abundant riparian vegetation for consumption and as the root systems die, the resistance to flow 

is decreased allowing for cut banks to washout and collapse into the channel increasing the 

volume of small size particles such as silt to accumulate on the creek bed. This siltation is 

particularly problematic for fish spawning as they need the voids in gravelly creek beds to lay 

their eggs (Starr, 2002).  

 To combat these destructive practices, livestock control was implemented with fences 

and limited access for cattle to the streams. In McGee Creek, portions of the pasture were 

allowed to rest without interruption for two years and fences were installed to control cattle 

wandering. A success was measured in dramatically increased average number of grass and 

woody species per sample site in McGee Creek with around three times as many young willow 

and cottonwood observed after restoration practices were put into effect. While channel width 

was expected to decrease or at least stabilize in all four streams studied, McGee Creek (14%) 

stands out with the lowest percent decrease compared to Convict (18%) and Mammoth (30%). 

Water depth was also observed to increase the least at in McGee Creek (3%) compared to 

Convict (11%) and Mammoth (49%), making it a site worth further study to determine its 

anomalous recovery (Hill, 2002).  
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2.3: In-Channel Methods 

Many different methods and technologies exist for the process of surveying streams and 

rivers. These can range from the traditional approach using tape measures, meter sticks, and 

surveying levels to contemporary techniques employing laser theodolites and Real Time Kinetic 

Global Positioning Systems (RTK GPS). Environmental surveying is done to measure cross 

sections of channels (width x depth) which can be used to compared spatial and temporal 

changes. Complementing these measurements, are velocity readings to establish discharge plus 

longitudinal profiles of channels to obtain gradient. Determination of channel change over time 

is accomplished by repeat cross section and longitudinal profile surveys. If the traditional 

technique of cross section surveys done by tape measure and meter rod (Leopold and Maddock, 

1953; Harrelson, et.al., 1994) can be replaced by a quicker method using a handheld laser 

rangefinder, it is possible for one person to accomplish the work of two in a shorter amount of 

time. As this process is made streamlined additional data can be collected and multiple surveys 

can be completed consecutively. 

A study conducted over two years in the early 1990s on incised stream bank profiles by 

Zonge, et al. (1996), mapped bank profiles on four streams in the Eastern Sierra Nevada using a 

complicated A-frame structure. A measuring stick was then slid horizontally on a series of 487 

pegs on the A-frame until the end touched the bank (Figure 4). These measurements were then 

used to draw the bank profile and were divided into four morphological segments: toe-slope, 

mid-slope, cliff, and top of bank (Figure 5). Five distinct bank profile shapes emerged: vertical, 

boomerang, “L”, short cliff, and constant slope (Zonge, et al., 1996).  

Erosion, deposition, and net change were calculated after nine profiles were completed 

over the two-year study. Profile shapes and segments experienced different distinctive rates of 
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erosion, deposition, and net change. The bank profiles held the same general shape over the 

drought year examined, however, some shapes encountered more change than others. For 

example, the constant slope underwent the most dramatic erosion of the upper bank segments 

and deposition on the lower mid and toe slopes (Zonge, et al, 1996). Vegetation on the banks was 

also noted and analyzed, with banks that had an abundance of grass holding together better as the 

dense root systems anchored the soil collectively. The opportunity now exists so that this 

inverted A-frame device can be replaced with a simple store-bought laser range finder and 

camera tripod set in the middle of the channel. This process can be repeated rapidly as the device 

can be relocated easily by one person. It is necessary to note that this method is limited to the dry 

banks of perennial fluvial systems as the laser is unable to penetrate water. In ephemeral fluvial 

systems, a complete cross-section profile could be accomplished when the channel bed is dry.  

 

Figure 4. A-Frame Bank Profiling Rig (Zonge, et al., 1996) 



	
	

21	

 

Figure 5. Bank Morphology Segments (Zonge, et al., 1996) 
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2.4: Unmanned Aerial Vehicles Method 

 As current Unmanned Aerial Vehicles (UAVs) technology becomes more accessible and 

affordable it is possible to make three-dimensional map models of areas where remote sensing 

data from satellites is limited by cost and availability. Equipped with ultra-high-definition 

cameras, UAVs can take photographs and collect ground information using a universal 

geographical coordinate system location attached to the photo data. These images can be stitched 

together using common features creating orthophotos where photogrammetry (measurements 

from maps) can be performed (Greenwood, 2015).  

 Flight paths can be predetermined and uploaded into the UAV and sequential image 

capturing can be programmed. Altitude and speed are also important aspects to consider as flying 

excessively fast and/or high flight will distort image quality. The commonly used camera angles 

for mapping are nadir (overhead) and oblique (angled). For this study the nadir camera angle was 

used. For further accuracy to the map, ground control points were utilized for georeferencing 

(Greenwood, 2015). These are known coordinates that are located using an RTK GPS rover unit 

that pinpoints a precise position on the surface of Earth. Images	are	subsequently	processed	

using	Agisoft™	Photoscan,	a	photo	processing	software	product.	 
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Section 3. Methodology 

3.1: Adaptation of Cave Mapping Techniques for Stream Bank Profiling 

 Drawing on cave mapping techniques provides a very interesting form of conventional 

mapping done with traditional cartographic methods. Historically, caves are mapped in teams 

with a tape measure, inclinometer, compass, and sketchbook. This classic method is utilized for 

its accuracy, cost, ease of use, and compactness. Distance measurements are taken with the tape, 

heading is determined with the compass, and slope angle is established with the inclinometer. 

Once these factors are determined a “plan view” map can be sketched for each leg of the cave. 

Where there are areas of interest a vertical profile of the cave is sketched (Perez, 2013).  

 More recently, speleological mapping has incorporated the use of laser range finders in 

underground surveys. Laser range finders combined with a camera tripod can determine heading, 

angle, and distance, replacing the tape-compass-inclinometer method. Some laser units have 

memory and can download data for mapping software such as ArcMap (Slavova, 2011). The 

laser range finder can determine distances with pinpoint accuracy and can reach locations that 

might be out of range for a human to access. A GPS reading is taken at the mouth of the cave and 

can be georeferenced to the map’s location. 3D mapping units have even been taken into caves 

that create an interactive image for visual exploration. This technique utilizing the laser range 

finder can be modified to map bank profiles with ease and efficiency.  

 In April of 2015, adapting the mapping techniques used in cave mapping, a Leica 

DISTO™ E7400x and a camera tripod were utilized to create two-dimensional cross sections of 

bank profiles in McGee Creek. These cross sections were selected to show a variety of terrain to 

provide variability in the data. The laser was attached to the camera tripod and positioned in the 

middle of the channel in several McGee Creek reaches that were surveyed by the LADWP in 
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2005 and by the CSUN Geomorphology Seminar in 2015 (Figure 6) named McGee Creek South 

Swamp (MGSS) and McGee Creek West Coral (MGWC). The laser/tripod was leveled, and 

shots were taken starting from the top of the bank, continuing down the bank to the edge of the 

water whenever there was a change in angle or profile shape. The laser was then rotated 180° and 

the same procedure was conducted on the opposite bank to complete the cross section.  

 

 

 

Figure 6. Bank Profile Locations 
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 Angle and distance of the shots were then recorded in a field notebook and transferred to 

an Excel spread sheet. Geomorphologic features of the creek at the cross section were 

documented, a heading was taken relative to north and a GPS coordinate for the location was 

marked. Angle was then converted and used with the distance measurements to draw the profile 

in Adobe Illustrator. The line segment tool was used from the center point, the center point 

representing the location of the laser. The laser range finder shot was then used to draw the slope 

of the bank using the angle and the distance (Figure 7. Photos 6 and 7). Once the profile was 

drawn, several measurements could be determined from the vector graphics by connecting the 

end points of the shots. These include bank height, bank area and channel width. This method 

was then redone in May 2016 after a minor El Niño season. Once the profiles were completed, 

they were compared to determine bank shape alterations and the data from the spreadsheets were 

then analyzed to establish bank area change between the two time periods.  
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Figure 7. Laser Range Finder Bank Profiling Rig 

 

          

Photo 6 and 7. Operating Laser Range Finder Bank Profiling Rig (Orme, 2015) 
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 It is key to note that further studies using this technique should use a RTK GPS rover to 

determine the exact location of the laser’s position above the channel. This would yield the 

ability to return to the precise placement of the laser over several years. Some of the return 

locations of the profiles that are included in this study were established by handheld GPS, visual 

cues, and marker stakes. 

 The second data-gathering campaign in 2016 also saw some unique challenges. The 

previous year experienced an increase in precipitation, which led to improved water retention 

within the McGee Creek meadow, resulting in profusion of riparian vegetation. The grasses 

covering the bank obscured the laser beam/shot resulting in short readings for the distance. 

During midday the sunshine reflecting off the side of the light-colored vegetation made the point 

of the laser beam/shot difficult to record. The use of a small dark pole mounted reflector as a 

target resolved this problem. 

 

3.2: 3D UAV Mapping using Image Processing Software 

 The second technique used for this study was creating three-dimensional maps and 

Digital Elevation Models (DEMs) from high-definition aerial photography taken from a remotely 

operated UAV. The UAV used for this study was a DJI™ Phantom 3 equipped with a 4K 

ultrahigh definition camera (Photo 8). Flight paths were flown over McGee Creek at various 

altitudes and on several different occasions to create the most accurate map and model of the 

study site. During these flights overlapping plan view photographs were taken (Figure 8). These 

photographs were then uploaded in Agisoft™ image processing software, Photoscan. This image 

processing software stitched the photographs together using similar features on the overlapping 

images. The photographs are uploaded into the software and various tasks were performed. The 
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first task is the process of aligning each photo by similar features and removing unnecessary 

photos to create an orthophoto. With the next task the software builds a dense point cloud off this 

image with Cartesian coordinates (x, y, and z) for surface construction. Next Photoscan stitches 

the points together to create a mesh/wireframe and the final task adds texture to the frame 

creating a 3D image. This image was exported as a 3D map and/or a DEM in various file formats 

such as TIFF or KMZ then uploaded for analysis in ArcGIS. 

 

 

 

Photo 8. DJI Phantom 3 Pro with 4K Ultra High-Definition Camera (Brown, 2015) 
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Figure 8. UAV Flight Path for Overlapping Photos 

 

  

 On September 22, 2014, the first attempt to create the maps and models, pictures were 

taken at a 45-meter flight path. Unfortunately, the images did not overlap sufficiently, and the 

map created had large areas missing owing to a lack of 70-90% overlap. In early October the 

second attempt was aborted owing to several inches of snow on the ground. The image 

processing software does not process images with large flat white surfaces. On October 24, a 

third attempt was made with two different altitudes and greater than 70% overlapping 

photographs. This created a very detailed 3D map and model.  

 Disappointingly, this is when it was discovered that to develop an accurately 

georeferenced map with Photoscan there must be targets--ground control points (GCPs) that have 

precise geographic coordinates. Once the process was completed, the locations are entered for 

the GCPs, and the software aligns the geocoordinates on the map. A fourth attempted was 
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conducted using large GCPs (2 m x 2 m) constructed of black plastic sheeting as ground targets 

on November 12. However, the number of targets was not adequate, and the location and 

coordinates of the targets was not accurate enough. The location of the targets was acquired with 

a handheld GPS with a 9 m margin of error, and the software required a minimum number of 

targets to create an accurate map. 

 This is when an idea from aerial surveying was adopted. For the fifth attempt GCPs were 

created using white plastic wall paneling cut into 1 m x 1 m squares and spray-painted with a 

checker pattern (Photo 9). On November 30, The GCPs were placed along the banks of the 

channel in approximately 50 m increments using large spikes hammered into the surface. A tin 

disc with the GCP number was placed to mark the location for further flights. A Leica RTK GPS 

rover was used to mark the coordinates of the GCPs with an accuracy of 1 cm. Flights were then 

conducted at several different altitudes including 45 m, 90 m, and 200 m.  

 The last technical hitch occurred when it was ascertained that the RTK GPS rover data 

may have been flawed at the study site owing to the lack of cellular network connectivity in the 

area. In April of 2016 the GCPs were then remarked using the Leica RTK GPS rover and a base 

station (Photo 5). This made the locations of the GCPs accurate to within 1-2 cm. Two sets of 

data were collected on December 1, 2015, and again on April 13, 2016. The accurate coordinates 

of the GCPs were then marked on the 3D map in Photoscan. Classifying these GCPs accurately 

georeferences the model. Once the 3D map was georeferenced, it was exported as a KMZ and 

TIFF files for analysis in ArcGIS.   
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Photo 9. Leica RTK GPS Rover with  

Plastic Ground Control Point Target and UAV (Orme, 2015) 
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Section 4. Data Presentation 

 The data for this research were assembled in two key formats. The distance and angle 

data from the bank profiles using the laser rangefinder was first recorded in a field notebook that 

was transferred into Excel spreadsheet. A formula was then created in the spreadsheet to convert 

the angles and distance to be drafted in Illustrator for a visual representation. A Java Script was 

written and entered in Illustrator to determine the total area of the bank. The Excel data were also 

utilized to calculate ratios of net change in deposition and erosion of sediment and stream 

widening/narrowing to the bank profiles of McGee Creek. 

 The data from the UAV was recorded on an internal micro-SD memory card in the form 

of high-definition JPEGs. The JPEGs were then downloaded from the memory card onto an 

external hard drive for storage and computation. The JPEGs were uploaded into the Photoscan 

software where they were analyzed visually for anomalies. These anomalies consist of people, 

cars and other moving objects that cause adulterations with the software when stitching the aerial 

photographs together using similar features. These anomalies would create distortions in the final 

rendering of the 3D Model. The photos were then run through image processing in the Photoscan 

software to create the point cloud data (Figure 9). From this data the Orthophoto (Figure 10), 3D 

Model (Figure 11), and DEM were generated (Figure 12).  
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Figure 9. Point Cloud  
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Figure 10. Orthophoto 
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Figure 11. 3D Model 

 

 

 

 

 

 

 



	
	

36	

 

Figure 12. DEM 
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Section 5. Analysis and Results 

5.1: Laser Bank Profiles 

 The results from four out of ten laser bank profiles conducted during 2015 and 2016 

resulted in accurate data. Accuracy was based on the alignment of the bank profiles to ones 

previously completed, while other profiles were eliminated due to the abundance of vegetation 

present and debris in the channel. The date for the second data collection was chosen to have 

similar discharge as the first and error was reduced to approximately +/- 2 cm as the height of the 

instrument was maintained above the water level in the channel. Once the bank profiles were 

drafted in Illustrator, bank height, width and channel length could be determined. A Java Script 

was then run to determine the area for each year in the Illustrator images (Figure 13.1 to 13.4). 

The data sets were then run through an Excel formula to determine the percentage of net change 

to the illustrative height and area of the banks and the width of the channels (Table 1). Two of 

the bank profile locations (Photo 10 and 11) are displayed along with laser bank profiles 

compared to channel cross sections done by the traditional method of tape measure and meter 

rod, completed by CSUN Geomorphology Seminar (Figure 14 and 15), to display that the laser 

rangefinder method can show more detail. This demonstrates that by eliminating the necessity of 

assembling a measuring tape line across the channel or construction of bank profiling rig, a 

single person can chart a bank profile from one location in the channel, and then move on to the 

next profile location. 

LB=Left Bank  RB=Right Bank  CH=Channel   

A=Area  H=Height  W=Width 
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LBH: 0.51m                                  RBH: 0.51m 

 
LBA: 3.364m2     CHW: 2.56m          RBA: 4.037m2 

 

SS1C 2015 

 

 

LBH: 0.51m                                      RBH: 0.52m 

 
LBA: 3.420m2     CHW:2.57m            RBA: 4.052m2 

  

SS1C 2016 

 

 

Figure 13.1. South Swamp 1C Bank Profile 
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LBH: 0.41m            RBH: 0.53m 

 
LBA: 1.400m2                CHW: 2.12m               RBA: 1.429m2 

 

SS4A 2015 

 

 

LBH: 0.42m            RBH: 0.52m 

 
LBA: 1.363m2                  CHW: 2.12m   RBA: 1.455m2 

 

SS4A 2016 

 

 

Figure 13.2. South Swamp 4A Bank Profile 
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LBH: 0.66m            RBH: 1.10m 

 
LBA: 5.560m2              Island A: 8.542m2                      RBA:13.718m2 

LCHW: 3.50m                    RCHW: 2.37m 

 

WC2.6 2015 

 

 

LBH: 0.64m            RBH: 1.10m 

 
LBA: 5.189m2              Island A: 8.745m2                      RBA:13.608m2 

LCHW: 3.50m                    RCHW: 2.37m 

 

WC2.6 2016 

 

 

Figure 13.3. West Coral 2.6 Bank Profile 
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LBH:1.07m             RBH: 1.22m 

 
LBA: 5.336m2     CHW: 4.38m    RBA: 6.236m2  

 

WC3C 2015 

 

 

LBH: 1.08m             RBH: 1.23m 

 
LBA: 5.395m2     CHW: 4.40m    RBA: 6.262m2  

 

WC3C 2016 

 

 

Figure 13.4. West Coral 3C Bank Profile 
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Photo 10. MGSS-1C Reach (Sonksen, 2015) 

 

 

 

Figure 14. MGSS-1C Laser Bank Profile Compared to Traditional Method Cross Section 
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Photo11. MGWC 2.6 Reach (Sonksen, 2015) 

 

 

 

Figure 15. MGWC 2.6 Laser Bank Profile Compared to  
Traditional Method Cross Section 
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Table 1. Differential Analysis of Laser Bank Profiles	
 

Cross sec # left bank    right bank      

 Area (m2) Area (m2)  % Difference in area  

 2015 2016 2015 2016  left bank right bank 

ss1c 3.364 3.420 4.037 4.052  1.66 0.37 

ss4a 1.400 1.363 1.429 1.455  -2.64 1.82 

wc2.6 5.569 5.189 13.718 13.608  -6.82 -0.80 

-island 8.452 8.745 n/a n/a   3.47                         n/a                           

wc3c 5.336 5.395 6.236 6.262  1.10 0.42 

  
 

left bank   right bank        

  Height 
(m) 

  Height 
(m) 

   % Difference height  

 2015 2016 2015 2016  left bank right bank 

ss1c 0.51 0.51 0.51 0.52  0 1.96 

ss4a 0.41 0.42 0.53 0.52  2.43 -1.89 

wc2.6 0.66 0.64 1.10 1.10  3.03 0 

wc3c 1.07 1.08 1.22 1.23  0.93 0.82 

          

 Channel width (m)   % Difference width  

 2015 2016    channel  

ss1c 2.57 2.56    -0.39  

ss4a 2.12 2.12    0  

wc2.6 9.64 9.65    0.10  

-left ch 3.50 3.50      0                           

-right ch 2.37 2.37    0                         

-island n/a n/a    n/a  

wc3c 4.38 4.40    0.45  
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5.2: UAV 3D Mapping 

 For this investigation, a second flight path was flown to create a second DEM for 

comparison to one made the previous year. The winter weather conditions of 2016 put a damper 

on the effort as the winds gusted 20 to 40 mph and the quadcopter UAV can be blown off course 

in winds above 23 mph. In April spring of 2016 after the snowpack from the winter season of 

2015/2016 had melted, many of the GCP markers were thought to have been removed or 

dispersed by the snowpack. A handheld metal detector was employed to search for the missing 

GCPs. A total of eight GCPs were recovered, and a UAV flight was conducted. Using the data 

from the successful flights completed in 2015 and 2016, two 3D models, orthophotos and DEMs 

(Figures 16 to 21) were created in Photoscan by removing the photos and GCPs from the 

sections not included in the 2016 flight.  

 The two DEMs were exported and uploaded into ArcMap where a color gradient was 

added. The color gradient displays as blue (2082.11 m) to red (2071.95 m) (Figures 22 and 23). 

The two DEMs were then uploaded and run through the minus tool in ArcMap and a raster 

comparison product was produced (figure 24). A section in the middle of the study area with a 

cluster of GCPs was then enhanced and examined. This location was chosen as it consists of a 

variety of ground surface features including a stand of willow trees and the confluence of a side 

stream fed by a spring and subsurface flow from the neighboring pastures (Figures 25 to 33).  
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Figure 16. Model 2015 
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Figure 17. Model 2016 
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 Figure 18. Orthophoto 2015 
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Figure 19. Orthophoto 2016 
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 Figure 20. DEM 2015 
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Figure 21. DEM 2016 
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Figure 22. DEM ArcMap 2015 
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Figure 23. DEM ArcMap 2016 
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 Figure 24. DEM ArcMap Minus 2015-2016 
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 Figure 25. Enhanced Model 2015 
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Figure 26. Enhanced Model 2016 
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Figure 27. Enhanced Orthophoto 2015 
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Figure 28. Enhanced Model 2016 
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Figure 29. Enhanced DEM 2015 
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Figure 30. Enhanced Model 2016 
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Figure 31. Enhanced DEM ArcMap 2015 
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Figure 32. Enhanced DEM ArcMap 2016 
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Figure 33. Enhanced DEM ArcMap Minus 2015-2016 
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 Section 6. Summary and Conclusion 

 McGee Creek, while only slightly, does show some erosional characteristics up stream 

where the channel is incising and narrowing, while downstream in areas where there is 

confluence with other sources of discharge the creek appears to be widening where sediment 

deposition would occur. The laser bank profile data shows a small percentage increase in channel 

width as the creek narrowed upstream by 1.0 cm at MGSS-1C and widened 2.0 cm downstream 

at MCWC-3C (Table 1). Overall change in the bank profile area was mixed as there was an 

increase and decrease in percentage change upstream to downstream, making this data 

inconsequential. This could be due to the increased water supplied from other input sources to 

McGee Creek, likely from the confluence with a spring and subsurface contributions introducing 

more sediment to the system leading to more deposition. Irrigation diversion channels which 

provide water to livestock and meadow vegetation are discontinuous features on the landscape. 

While these channels are small (generally 1.0 m in width and 0.5 m in depth), the temporal 

diversion of water is based on grazing rotation calendars in compliance with LADWP. These 

channels do not seem to be a factor in this study since water that was diverted from the creek was 

returned to the channel after a short distance and most diversions were active in the upper 

reaches (MGCP) of McGee Creek away from the study area. UAV imagery did not capture these 

discharge contributions to the main channel.  

 However, it should be noted that the duration of the study occurred during the recent 

drought (2012 to 2017) so that irrigation channels contributed no discharge and grazing had 

shifted to an offsite location. Orme (2019) reported that during a two-day rainstorm event, 

McGee Creek attained bankfull flow at the cross sections measured for this thesis and throughout 

its 2.5 km length from Highway 395 to its confluence with Convict Creek. Additionally, there 



	
	

65	

was substantial meadow flooding from rapid subsurface flow, with field capacity attained within 

a 6-hour period from the onset of precipitation. This suggests that the discharge in the main 

channel of McGee Creek is not solely dependent on surface runoff from the contributing 

watershed in the Sierra Nevada. Further, as reported, there was substantial suspended and 

bedload sediment transport during this event. While channel measurements could not be taken 

during a storm of this flashiness, the technique introduced in this study is potentially useful to 

examine post-storm short-term erosion and deposition.  

 After viewing the ArcGIS DEMs created from the two sets of data, several deductions 

can be reached. In observing the ArcGIS DEM Minus, the red color range areas of the map 

indicate lower elevation change (down to -5.24 m) and the blue color range areas indicate higher 

elevation change (up to +5.92 m) from 2015 to 2016 (Figure 24). The red areas of the banks are 

predominantly on the northwest sides of the channel in study area and on the outer side of the 

bends in the meanders. This would point towards erosional forces on the northwest sides of the 

bank as the creek flows northward. Conversely, the southeast side of the bank exhibited an 

increase in elevation on the side of the channel and on the inward sides of the bends (Figure 33). 

This is also supported by the laser bank profile data as the left bank showed an average height 

difference increase of 1.0 cm from 2015 to 2016 (Table 1).  

 The creek meanders significantly in this reach and makes a sharp 90° turn possibly in 

response to deformation present within the Long Valley Caldera. Around where the channel 

makes this bend in the middle of the study area, bank instability increases as the gravel 

dominated alluvium transitions to a rich soil with significant organic content comprising sand 

and silt. A substantial amount of upper bank collapse was observed downstream of the study area 

and would be interesting to explore for further research.  
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 There are varying levels of error between the two data sets as it appears that the number 

of photographs that include the GCPs locations suggests the amount of error observed. The more 

photographs that include GCP location, the less error occurs during processing. Since the 

Photoscan software looks for similar features in the photos to align to create the model, it is 

highly plausible that the software selects random features to be aligned by the program when 

separate renderings are attempted, as the photographs from the two data sets are not identical. As 

McGee Creek has intermittent trees, shrubs, fences, secondary channels, and uneven terrain, it is 

impossible to tell exactly which features the software utilizes. The GCPs are there for 

georeferencing and not photo alignment and stitching. The probability also exists that vegetation 

growth and die off influenced the elevation calculations of the DEMs by the software as the 

high-definition camera is unable to penetrate the organic material to the ground surface below. 

This is to be expected and sources of error to this methodology can be eliminated by 

modification to the process. 

 While human impact on fluvial systems such as grazing is a serious consideration in 

creek restoration the role of climate change cannot be ignored. The Intergovernmental Panel on 

Climate Change estimates a 1.5o to 6.0 °C increase in global temperature by the year 2100 with a 

temperature increase of 3.8o to 5.6 °C in the Sierra Nevada by the end of the century. This will 

have significant effect on changes in precipitation and vegetation cover and requires careful 

consideration to land management (Goudie, 2006). With the fluctuations in the temperature and 

precipitation, will McGee Creek see the effect of periods of varying vegetation cover leading to 

bank erosion? Sensitive and vulnerable areas such as alluvial streams will likely incur changes in 

morphology. Potential effects on McGee Creek include channel enlargement and incision, and 

bank erosion with larger floods supporting river and stream instability. Conversely, less water 
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and stream flow may enable vegetation spread into channel beds where an overall pattern of 

lateral erosion stability (no net change) may occur (Goudie, 2006). With a considerable reduction 

to the flow of McGee Creek and the continuation of livestock grazing we may never see full 

restoration achieved.  

 It is necessary to restate that the bank profiling technique using a laser rangefinder is 

limited to dry areas of channel beds and banks, as a laser beam cannot penetrate water. The same 

can be said for creating 3D maps with a camera UAV, as the photographs used to create the 

DEMs are of the surface of the water. This limits these methods to monitoring the surface 

changes of creek and river restoration processes. This study could only look at channel form 

change and bank destruction from grazing practices and not damage to the channel itself. It is 

possible, with a combination of traditional surveying techniques and new technologies that the 

whole channel could be mapped. With repeated surveys over extended periods of time, key 

observations can be made towards the future success of McGee Creeks restoration. 
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