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1 Executive Summary  
 

Since 2012 Parks Canada has been working with  the Tla-o-qui-aht First Nation, academic partners and 

volunteers to restore the ecological integrity  and recover associated species at risk at the Tayus (Schooner 

Cove) dune in the Pacific Rim National Park Reserve and the traditional territory  of the Tla-o-qui-aht 

First Nation.  As with  most coastal sand ecosystems on the Canadian and American Pacific coasts, the 

Tayus dunes were degraded by the establishment of invasive grasses (Ammophila arenaria and 
breviligulata).  These grass species both out compete native plant species and interfere with  natural sand 

transport regime, stabilizing the dune system and allowing accelerated succession to a forest ecotope.2 By 

helping to conserve biodiversity through the restoration and preservation of disturbance-driven habitats, 

the project supports COSEWIC- and SARA-listed species of conservation concern, such as the endangered 

Pink Sand-verbena (Abronia umbellata) and the threatened Silky Beach Pea (Lathyrus littoralis), that 

depend on these conditions.10 

 

Parks Canada has been monitoring and assessing the progress of this work by implementing high accuracy 

land surveys using total stations, RTK GPS and drones to track changes in vegetation and geomorphology. 

However, Parks Canada has not to date, fully  analyzed the drone imagery. This project aims to further 

inform the restoration of healthy and dynamic sand-transportation processes by evaluating how 

effectively photogrammetric analysis of drone imagery can detect changes in coastal dune environments. 

Using a consistent set of ground control points (GCPs), resulting in orthomosaics, digital surface model 

(DSM) difference maps, and elevation transects, this work will  assess sand distribution, dune dynamics, 

and associated vegetation change across multiple years (December 2020 to January 2025), while also 

considering factors that influence DSM precision and accuracy. 

 

Between December 2022 and January 2025, Kinnikinnick  expanded 35.75 m² (net amount) along the 

landward dune margin, particularly in the middle section, correlating with  sand loss, longer transport 

distances, and low elevation variability  close to the margin in adjacent transects, indicating reduced 

backdune sand movement and limited sediment inflow  from the foredune and backshore. Difference 

models and elevation profile comparisons show that the Schooner Cove dunes are undergoing active dune-

building, with  a dynamic nature and widespread sand deposition - especially in the foredune, where 

accretion reached 0.61 to 0.77 m - and only localized areas of minor elevation loss in the backdune. While  

model comparability generally fell within  acceptable accuracy ranges for the 2021-2025 datasets, 

discrepancies were pronounced when comparing models generated with  different drone systems, 

especially the 2020 Mavic 2 Pro dataset, which showed vertical GCP RMSEs of 4.4-4.7 cm and horizontal 

errors of 5.3-7.3 cm as well as with  0.825 px the overall model reprojection error. These uncertainties must 

therefore be considered when interpreting small elevation changes or mapping vegetation encroachment. 

Overall, the photogrammetric outputs demonstrate strong comparability between models and provide a 

reliable basis for detecting broader, longer-term geomorphological trends, though they are less suited for 

identifying  very small or short-term changes, some of which may reflect brief weather events. To improve 

future assessments, surveys should be conducted more frequently, with  consistent timing, standardized 

survey parameters, and the use of the same or comparable drone systems and fixed checkpoints. 

 

 

2 Introduction  
 

The site of interest, the Tayus (Schooner Cove) dunes, located in the Pacific Rim National Park Reserve 

on the unceded territory  of the Tla-o-qui-aht First Nation, is an important component of Canadaôs rare 

and sensitive Coastal Sand Ecosystems (CSEs), which contribute significantly to Canadaôs biodiversity and 
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provide critical climate-related services.2 Globally, coastal dune systems play similarly vital roles, 

strengthening resilience to sea-level rise and extreme weather events as well as supporting a range of 

specialized and often endangered species, like shorebirds, dune plants, and invertebrates, whose survival 

depends on the dynamic conditions of these habitats. There is substantial evidence worldwide that coastal 

dune ecosystems are under threat by factors such as coastal development, invasive species and recreation 

which has led to fragmentation and loss of coastal dune habitat and the loss of ecological integrity  of whole 

dune systems.43, 45-47 

 

In British Columbia, CSEs are distributed irregularly on 125 marine sites  in four areas, within  the Georgia 

Basin, along the central coast, Haida Gwaii and the west coast of Vancouver Island.2 In comparison to 

other locations, the CSEs along the west coast of Vancouver Island, like the Schooner Cove dunes in the 

Pacific Rim National Park Reserve, are typically found in form of large embayed beaches, mostly lacking 

well developed dunes under the influence of often high energetic wind and wave conditions.2 The 

Schooner Cove Dune is considered an active dune with  sand movement occurring at present, which has 

been formed through accumulating aeolian sand transportation and the establishment of a terrestrial sand 

ridge, a so called foredune, landward of the back shore of Schooner beach over time. With  the dominant 

substrate being sand, soils in this ecosystem are usually fast draining, nutrient  poor and dry. Existing in 

the interface between beaches and forest, and therefore being under constant marine impact in form of 

tides, sand movement, storm surges and salt spray, coastal sand ecosystems act as inhospitable disturbance-

driven physical environments for a rare set of well adapted dune plants and animals.2 Given the ongoing 

changes in sea level, climatic conditions, and coastal dynamics, the objective of dune management is not 

to preserve dunes in their current form, but to sustain the natural processes  and dynamic potential as well 

as to preserve the indigenous vegetation cover that underpin these ecosystems.31,44 Conserving dune 

habitats aligns closely with  Tla-o-qui-aht cultural values, which emphasize the protection of 

interconnected coastal ecosystems that sustain both community well-being and the land-sea relationships 

central to their stewardship traditions.42 

 

These delicate coastal environments face threats not only from development and climate change but 

particularly from the establishment of two invasive species: European Beachgrass (Ammophila arenaria) 
and American Beachgrass (Ammophila breviligulata). These Ammophila species have been introduced by 

humans in the past to mitigate dune erosion along the coastline and have since then widely proliferated. 

These grasses interfere with  the natural movement of sand by growing on the fordunes and forming a 

wind-barrier, which in turn limits the dynamic aeolian processes and sand inflow  into the backdune, that 

help maintain this ever-changing ecosystem. D. Heathfield and I. Walker (2011) identified that between 

1973 and 2007 rapid vegetation expansion reduced active sand surface by 29.9% at the Schooner Cove 

dune site9. The stabilizing process and loss of dynamic habitat negatively impacts COSEWIC- and SARA-

listed native species of conservation concern, such as the endangered Pink Sand-verbena (Abronia 
umbellata), the threatened Silky Beach Pea (Lathyrus littoralis), both of which depend on disturbance-

driven habitats to thrive, or the very rare endangered Edwards  Beach Moth (Anarta edwardsii). Other at 

risk CSE species like the Sand-verbena Moth (Copablepharon fuscum) rely on its sole associated host plant, 

the Yellow Sand-verbena10. 

 

In addition to invasive grasses, there are other factors contributing to stabilization and the trapping of 

windblown sand, like large woody debris (LWD), a result of decades of logging activity9. Additionally,  

during winter  storms, these logs can cause significant damage to the plants growing on the beach, which 

gets only exacerbated by human on-site activities, leading to further habitat loss.2 Without  a continuous 

landward influx  of abrasive sand from the shoreline, the sensitive dune species are at risk of being 

overtaken by more stable, densely vegetated areas, facilitated by slowly forming humus soils. This is 

evident, for example, in the expansion of Kinnikinnick  (Arctostaphylos uva-ursi) or other shrubs, as well 
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as ultimately the formation of Sitka spruce (Picea sitchensis) dominated forest zones on the stabilized 

foredune and as expansion of the forest margins. This encroachment competes with  the sensitive, sparsely 

vegetated native dune species, disrupting the natural succession processes that are essential to the health 

and resilience of the coastal sand ecosystem.1 These disturbances have led to a dramatic decline in dune 

habitat over the past century. A comparison of historic aerial photographs from 1930 and 2007 reveals a 

significant reduction in the typical native, sparsely vegetated, herbaceous ecological community at 

Schooner Coveðfrom 4.4 hectares in 1930 to just 1.0 hectare in 2007, representing only 23% of its historic 

extent. Of this loss, 1.9 hectares have been outcompeted by invasive species such as Ammophila spp.2 

 

Parks Canadaôs Schooner Cove Dune Restoration Project, initiated in 2012 as part of a larger effort to 

restore several coastal sand ecosystem sites within  the Pacific Rim National Park Reserve, aims to enhance 

the dynamic dune habitat, restore the original species composition of coastal sand ecosystems, and prevent 

the demographic collapse of endangered species, particularly the native Pink Sand-verbena (Abronia 
umbellata). The project is part of a holistic conservation approach recorded within  a Multi -species Action 

Plan for the Pacific Rim National Park Reserve of Canada in 201712. The site was identified as one of five 

suitable locations for translocation of Pink Sand-verbena within  the Pacific Rim National Park Reserve 

(PRNPR), as ongoing restoration and translocation efforts had improved habitat suitability. These seeds 

were originally collected from the last remaining population at Clo-oose Bay in 2001/20021. Over several 

years of translocation, habitat restoration and protection efforts since 2012, the previously unrecorded 

native Pink Sand-verbena has been successfully introduced to the Schooner Cove dunes - first through 

seed propagation and later through natural regrowth of wild  plants. The population peaked at 1.777 wild  

individuals in 2018. However, restoration challenges, including invasive plant encroachment and the 

impacts of the pandemic, led to an abrupt decline over the following years, reaching only about 43 wild  

plants in 2022.11 In the most recent years, though, numbers have begun to rise again (Collyer, personal 

communication 2025). 

 

In addition to seed propagation, other restoration strategies have been implemented, including the 

removal of invasive plant species, particularly Ammophila spp., as well as the relocation of beach logs and 

the reduction of encroaching forest vegetation. The primary method for removing invasive grasses 

involved hand removal through digging, pulling, and cutting, as well as the use of shovels for cost-

effectiveness. Mechanical methods were also employed, such as using backhoes and excavators with  root 

rakes to separate the grass for burning. Later, this was modified to include a ¬deep burialò technique 

known as ñhorizon flippingò where the first approximately 1m depth was excavated, grass vegetative and 

root material removed by hand sorting and then a deeper layer was excavated, the sand from the top layer 

was deposited in the  bottom of the excavation and the bottom layer placed on top. This method has 

proven to be the most efficient and effective.1 

Overall, the restoration efforts at Schooner Cove dunes have been successful, with  100% of the degraded 

dune ecosystem restored, and dynamic sand transport regimes re-established as of 2017, however efforts 

to maintain the restored habitat have been challenging with  only 85% in a restored state as of 2022 

(Collyer, personal communication 2025).48 

 

The effect of the restoration on physical processes like sand movement and erosion as well as species 

distributions and composition are overseen by regular monitoring programs. 

To deepen the understanding of rare species needs and to further evaluate the effectiveness of the 

restoration activities, the Pacific Rim National Park Reserve started in 2019 to gather high resolution 

imagery and data of the Schooner Cove dune area through drone surveys. Rapid advancement in remote 

sensing combined with  GIS technologies provides powerful tools for managing, protecting, planning, and 

conserving natural resources. The team has been aiming to run a survey one to three times every year. In 
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recent years, the Schooner Cove datasets have been used mainly to assess vegetation distribution, with  

only minor application to geomorphological analysis. 

 

As the literature suggests, conserving or reactivating aeolian processes and complex dynamic behavior is 

essential for restoring coastal dune ecosystems. This project overall aims to evaluate the extent to which 

photogrammetric analysis of drone imagery using high accuracy and consistent ground control points, 

resulting in digital surface models (DSMs) difference maps, can detect changes in sand distribution and 

dune dynamics in the Schooner Cove area over time. The work also intends to confirm and assess 

vegetation encroachment in relation to these processes, while considering factors that may affect DSM 

precision and accuracy. The methods presented offer a more straightforward approach to analyzing dune 

dynamics and informing restoration, compared to earlier, more complex geospatial and geostatistical 

analyses conducted at the Wickaninnish Dunes by I. Walker, I.B. Darke, J.B.R. Eamer, and P.A. Hesp, 

which focused on geomorphic volume changes in coastal dune systems also using LiDAR datasets and 

Geomorphic Change Detection software14-16. 

 

Aiming to inform the restoration of healthy and dynamic sand transportation processes in the Schooner 

Cove Dune restoration site the student proposes the following overarching goals (1-4) and objectives (a-

c) of the project: 

 

Å Goal 1) Visualize vegetation encroachment in the Schooner Cove Dunes (2020-2025) based on 

photogrammetric data 

 

Objectives: 
(a) Review and consolidate a set of Ground control coordinates. 

 (b) Create one comparable orthoimage per year for the period 2020-2025 using Ground   

                 Control data. 

 (c) Use GIS software to digitize the growth line of Kinnikinnick  for further spatial analysis. 

 

Å Goal 2) Visualize geomorphic changes in the Schooner Cove Dunes (2020-2025) based on 

photogrammetric data 

 

Objectives: 
 (a) Generate one comparable Digital Surface Model (DSM) per year for the period 2020ï 

                 2025 using Ground Control data. 

 (b) Use GIS software to produce raster models of difference to outline elevation changes 

                 between survey years. 

 (c) Create transects from the DSMs at representative dune sites to extract elevation  

                 profiles for comparative morphological analysis over time. 

 

Å Goal 3) Conduct a preliminary assessment of correlations between geomorphic change and vegetation 

encroachment  

 

Objectives: 
 (a) Provide an overview and analysis of elevation changes observed between survey   

                 years. 

 (b) Summarize the rate of Kinnikinnick  encroachment along the backdune area. 

 (c) Evaluate potential correlations between elevation change intensity and vegetation  

                 expansion patterns. 

 

Å Goal 4) Provide recommendations for future drone mapping projects 
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Objectives: 
(a) Summarize key findings and challenges encountered during data acquisition and   

                 Processing. 

(b) List practical recommendations to improve the accuracy and efficiency of future  

      drone-based mapping and analysis at the Schooner Cove dune restoration site. 

 (c) Create a step-by-step guide for processing data in Agisoft Metashape to keep future  

                 work consistent and efficient. 
 

 

3 Methods  
 

3.1 Project Location 
 

The project is based on drone imagery collected by Parks Canada at the Schooner Cove Dune Restoration 

site, located within  the Long Beach Unit  of Pacific Rim National Park Reserve, one of three geographically 

distinct areas of the park on the west coast of Vancouver Island (see Figure 1). Pacific Rim National Park 

Reserve is home to the largest concentration of sand beaches and dunes on Vancouver Island.2 

The site is accessible via the Pacific Rim Highway by walking north along Long Beach from the 

Ĺaġiiwa/Icinerator Rock parking lot at low tide. After passing the community of Esowista and Schooner 

Beach, the dune habitat is situated just north of Box Island, around the headland at the eastern end of 

Tayus/Schooner Cove, at coordinates 49°03ô56ôôN 125°47ô40ôôW. 
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3.2 Methods 

3.2.1 Ground control and drone survey 

 
To support the projectôs overall objectives, previously collected imagery from drone surveys conducted by 

Parks Canada at the Schooner Dune site since 2020 was utilized to generate accurate 3D models and 

georeferenced maps. 

 

Each drone survey consisted of two main components: 

 

(1) a ground control survey, during which highly accurate geographic coordinatesðknown as Ground 
Control Points (GCPs)ðwere collected to align and georeference the aerial imagery; and 
 
(2) the actual drone flight  and data acquisition. 
 

(1) For the first part of each survey, following an onsite safety survey and mission briefing, the PRNPR 

field team set-up a Real-Time-Kinematic (RTK) GNSS ground control survey using a E-Survey E600 high-

precision GNSS (Global Navigation Satellite System) survey system, consisting of a fixed base station and 

a mobile rover unit. For every mission, the GNSS base was usually setup over a known benchmark (DL2), 

a nail in a large stable driftwood log, in the eastern flight  section. Measurements of the ground control 

points (GCPs) were taken using the rover. Each GCP consisted of a 2-meter-long piece of rebar driven 

into the sand, with  approximately 2 to 10 cm exposed above the surface, and distributed across the 

Figure 1. Project site location. 
Figure 1. Project site location. 



 

   9 

mapping area (see Figure 2). These measurements were used to assess variation in GCP coordinates caused 

by factors such as frost heave and GNSS conditions, and to ensure that other measurements (vegetation, 

topographic features, and check points) align within  the same local grid. A checkerboard target was affixed 

to the top of each rebar post (see Figure 2C). Since coordinates were recorded at the top of each rebar, the 

vertical distance from the ground surface to the rebar tip was subtracted from the elevation (Z) values (see 
Figure 2C) to ensure accurate elevation data for subsequent processing. 

 

 
Figure 2. (A) Surveying of GCP 3 with  the rover; (B) Base station set-up at DL2 (C) Rebar measurement. 

 

 

In addition, the GPS positions of a varying number of checkpoint targets are usually recorded to evaluate 

the accuracy of the final data products. In most cases, a grid line was drawn in the sand, and the 

intersection points were measured for that purpose, and often additional targets were placed at different 

locations throughout the survey area (see Figure 3). 

 
Figure 3. 250118 orthophoto with  GCP locations, survey benchmark, and checkpoints. 

 

 

(2) Since 2019, the Parks Canada Pacific Rim team has conducted drone-based surveys between one and 

three times annually, with  the most consistent operations occurring during the fall and winter  months. 

For the purposes of this study, surveys were selectively chosen from this seasonal window to reduce the 

influence of peak vegetation growth during the summer, which can distort the representation of ground 

elevation in digital surface models (DSMs). Accordingly, the following survey dates were selected for 

B A 

C 
F

 

Legend 
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comparative analysis: December 17, 2020 (201217); October 7, 2021 (211007); December 11, 2022 

(221211); December 6, 2023 (231206); and January 18, 2025 (250118). 

 

Across the five surveys analyzed in this project, three different drone models were used. The 2020 survey 

was carried out using the DJI Mavic 2 Pro (M2P), while the 2021 to 2023 surveys made use of the DJI 

Phantom 4 RTK (P4RTK). Both drones are equipped with  1-inch, 20 MP CMOS sensors, however the 

M2P utilizes an electronic shutter while the P4RTK uses a mechanical shutter. The most recent survey 

considered in this report, conducted in January 2025, took place using the DJI Mavic 3 Enterprise with  a 

more advanced 4/3-inch, 20 MP CMOS sensor resulting in improved image quality and greater light  

sensitivity.35 Each drone survey was conducted, dividing the mapping area into two sections with  separate 

flight  plans to cover the entire area (see Figure 4). All  the flights were flown in a standard mapping pattern 

with  an 80 frontal overlap and a 70 or 80 side overlap and an expected ground sample distance (GSD) of 

approximately 1cm/px, which resulted in varying flight  heights and flight  duration as summarized in Table 
1. 

 
Figure 4. The map illustrates the segmented flight  paths (west and east) used for aerial data collection across  
the Schooner Dunes area. 

 

All  coordinate data and photogrammetric outputs are referenced using the WGS 84 / UTM Zone 10N 

coordinate system (EPSG:32610). Before this project, the available datasets have primarily  been used to 

generate rapid orthoimages and digital elevation models, typically without  Ground Control Point 

correction or additional raster analysis. 

 
 
    Table 1. Flight parameters. Source: Flight notes in the Parks Canada database and processing reports from Agisoft    
    Metashape. 

 

Legend 
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3.2.2 Drone photogrammetry 

3.2.2.1 Orthomosaic and DSM creation with  Agisoft Metashape 

 

The photogrammetric analysis presented in this report is based on a series of orthomosaics and digital 

surface models (DSMs) generated using aerial imagery from drone surveys conducted at the Schooner 

Dunes Restoration site. Processing and 3D reconstruction were carried out in Agisoft Metashape 
(Professional Edition, Version 2.1.1 build 17821 (64 bit)). (Refer to Appendix A for model outputs.) 
 

To align the generated coordinate systems of the models with  real-world geographic coordinates and 

generate comparability, a set of five consistent GCPs was used for georeferencing across all models. These 

x, y and z values are based on averaged RTK measurements collected during the October 7, 2021, ground 

control survey (see Table 2 for coordinates). The project coordinate reference system (CRS) was uniformly  

set to WGS84 / UTM Zone 10N (EPSG:32610) throughout all stages of data processing. 

              Table 2. Project ground control points. 
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Although all three drones are equipped with  GNSS receivers that geotag each individual image, the 

integration of GCPs remains essential to achieving the highest level of positional accuracy.21 This is 

particularly important as the resulting models are not standalone products, but are intended for 

comparison to assess Kinnikinnick  encroachment in the backdune zone (Objective 1) and changes in sand 

surface elevation over time (Objective 2).   

The Protocol in Appendix B shows detailed step-by-step instructions for the procedure of obtaining the 

corrected and comparable orthomosaics and digital surface models for further geospatial analysis in the 

GIS software QGIS version 3.40.1-Bratislava. 

3.2.2.2 Using QGIS to determine vegetation expansion 

 

Once the orthomosaic and DSMs have been created via Agisoft Metashape, further analysis took place in 

QGIS. 

 

To achieve goal (1) & (3) and associated objectives this software was used to: 

 

1. Go through accuracy assessment of the orthoimages and DSMs to check congruency. 
2.   Create vector layers and determine principles for vector line placement to visualize extent of  
      Kinnikinnick  in the backdune. 
3.   Perform vector calculations to obtain information on plant mat expansion between two  
      defined survey years. 

3.2.2.2.1 Vertical and horizontal accuracy assessment 

 

To determine how suitable the created models are for conducting analysis of change between drone data 

of different years, it  was important to evaluate how well any two datasets chosen for comparison align 

with  each other, vertically and horizontally. For that purpose, selected permanent features visible in both 

orthomosaic have been chosen, to obtain horizontal (X, Y) and vertical (Z) positions in each model for 

comparison.  

 

One group of permanent features consists of the five fixed checkerboard ground control targets. 

Coordinates were taken from the central point of these targets for each orthophoto via the ñIdentify 

Featureò tool in QGIS at a 1:3 scale and subsequently compared for each model pair. A workbook (see 
Appendix C for workbook and formulas), provided by Roger Stephen, Geospatial Technology Specialist 

and instructor of the Mapping with  Drones 2 class was used to quantify  the level of horizontal and vertical 

alignment between layers using the two sets of coordinates.17 The average differences in horizontal (X, Y) 

and vertical (Z) positions were calculated as well as the total average horizontal difference and the root 

mean squared error (RMSE) for both vertical (Z) and horizontal positions, serving as overall performance 

indicators. To further evaluate the horizontal and vertical alignment of the datasets, additional points were 

taken from both ends of long-deposited driftwood logs in the rear dune area and coordinates compared as 

well (see Figure 5 and 6). 
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              Figure 5. RTK point measurements at both ends of long-deposited driftwood logs in the back dune. 
               

 

Typically, additional check points are placed within  the survey area alongside ground control points, not 

only to assess the comparability of datasets but also to analyze and, if  necessary, correct the absolute and 

relative positioning of individual datasets.17 

The coordinates of these surveyed check points represent the real-world positions of specific target 

features and can be compared to their corresponding locations in the orthomosaic.17 Over the course of 

the survey period, additional RTK-based check point data was recorded (see example in Figure 3). 
However, while the positions of the GCPs remained consistent across surveys, the check point data was 

collected at varying locations for each survey, under different GNSS conditions, and sometimes with  

discrepancies in the base-station coordinates caused by errors in survey setup. Although these blunders 

could be corrected (as each survey included observations of the GCPs), this was out of scope for this 

student project. Consequently, the decision was made to use the long-deposited driftwood logs in the rear 

dune area as checkpoints for the assessment of the relative accuracy of each dataset (see Figure 6). 

 
Figure 6. Location of GCPs in relation to driftwood log checkpoints. 

 

 

For this purpose, the actual lengths of the two logs were measured and compared with  the distances 

between their corresponding end-point coordinates extracted in QGIS (see Appendix D for spreadsheet 
and formulas). This provides an estimate of relative accuracy, meaning how accurately the spatial 

relationships within  the dataset reflect the true distances and positions  

between features, regardless of their absolute location.17 
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In addition to the determination of level of alignment between datasets and relative accuracy, assessment 

of the positional accuracy of each model itself has been implemented by comparing the surveyed real-

world ground control point coordinates (see Table 2) with  the coordinates of the model ground control 

points. The level of error detected provides an indication on how accurately the created 3-D models reflect 

the real world. This assessment is further enriched by the reprojection details obtained from each 

automated processing report of the model stitching in Agisoft Metashape. 

 

During data processing and accuracy assessment, only four of the five ground control points (GCPs) were 

available for georeferencing the 2025 imagery, as GCP4 was occupied by the GNSS base during the survey 

on January 18th. As a result, georeferencing within  Agisoft Metashape for the corresponding orthomosaic 

was performed using only four of the five typically used GCPs. For consistency in the accuracy assessment 

workbook, the coordinates of GCP4 were recorded using the same values as in the compared model, 

despite not being used in the 2025 georeferencing process. 

  

The following data samples have been chosen for comparison to measure change in sand elevation over 

time: 

 
Long-term: 
 

Å 231206 and 250118 

Å 221211 and 250118 

Å 211007 and 250118 

Å 201217 and 250118  

 

Consecutive:  
 

Å 231206 to 250118 

Å 221211 to 231206 

Å 211007 to 221211 

Å 201217 to 211007 

 
Considering accuracy assessments, the angle of light  penetration and its impact on shading and, therefore 

suitability for analysis, the following two datasets have been chosen to be compared in terms of vegetation 

encroachment in the back dune: 

 

Å 221211 and 250118 

3.2.2.2.2 Vector mapping of Kinnikinnick  encroachment 

 
Kinnikinnick  (Arctostaphylos uva-ursi) is a mat forming evergreen shrub with  long, flexible rooting 

branches, which favors sandy, well-drained exposed sites and therefore commonly inhabits the margins 

of dunes. By increasing organic matter and reducing moisture stress, they promote succession towards 

larger shrub-communities with  Salal (Gaultheria shallon) or other forest species like Western Red Cedar 

(Thuja plicata).2,22 

 

To map the encroachment of dune stabilizing shrub vegetation in the back dune, a vector line has been 

drawn along the oceanward extension of the ground covering dwarf shrub Kinnikinnick  on the base of 

the orthophotos from December 11th 2022 and January 18th 2025 via the ñNew Shapefile Layerò function 
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in QGIS (see Figure 9). The methodology is based on knowledge the student gained in the class lecture 

GIS Skills and Mapping, taught by Dr. Jessica Neal.24 

 

The starting point of the line has been set at an agglomeration of driftwood visible in the orthomoasic of 

both surveys at 49° 04ô 00.15ò N and 125° 47ô 50.59ò W in the far west section of the restoration site. The 

vector line was screen digitized at a scale of 1:26, ending at the discontinuation of the Kinnikinnick  extent 

in the far east of the dune area at 49° 03ô 56.36ò N and 125° 47ô 29.08ò W. To realize consistent mapping 

results the following set of mapping guidelines have been compiled on the base of the student's assessment: 

 

Å The vector line follows along the main base of the plant, not outlining  offshoots. 

Å Only areas of Kinnikinnick  are included, which show at least 50% vegetation coverage (see Figure 7). 

 
                Figure 7. A) Visual estimation of foliage cover23 B-D) Kinnikinnick  vector line placement for model  
                250118. 

 

Å Only the continued growth area is to be outlined. Only include growth patches disconnected from 

the main plant cover into the growth line, when they are located less than 20cm away and are at least 

60cm in diameter in the widest area and have a 50% vegetation coverage. 

Å Where driftwood or other objects break up the Kinnikinnick  mat, the line is drawn in a way to match 

the growth extent of the surrounding areas (see Figure 8A). 
Å Where the growth of the continuous Kinnikinnick  patch stops, the vector lines follow the expansion 

of shrubs and trees instead and in a way that the vector layers of different years are congruent (see 
Figure 8B). (This will  prevent the variance of other vegetation growth into the results.) 

 
        Figure 8. A, B) Vector lines 221211 (blue) and 250118 (orange) follow driftwood and shrub fringe in 

B C 

D A 

A B 
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        congruent alignment. Orthomosaic: 250118. 

 

Å The outlined growth area may include bryophyte mats, if  blended into the Kinnikinnick  or adjunctive 

due to a distinction being limited to image resolution. 

 

Any distance measurements throughout these steps are done with  the ñMeasure Lineò tool. 

 

 
    Figure 9. Comparison of Kinnikinnick  fringe vector lines: 221211 vs. 250118 

3.2.2.2.3 Vector mensuration of Kinnikinnick  encroachment 

To determine the extent of Kinnikinnick  expansion or retreat across different areas of the restoration site, 

the oceanward vector lines representing Kinnikinnick  presence for each comparison year were closed 

congruently to form continuous boundary outlines. 

Using the vector geometry tool ¬Lines to Polygons,ò 

these outlines were subsequently converted into 

polygons, allowing for further area-based calculations 

(see Figure 10). By overlaying the polygons, a more 

accurate assessment of the overall area of Kinnikinnick  

expansion - as well as zones of retreat or burial by sand 

input - was achieved for the period between December 

2022 and January 2025. Gain and loss were determined 

through vector-based calculations using the vector 

geoprocessing tool ¬Differenceò in QGIS. Specifically, 

subtracting the earlier polygon (221211) from the more 

recent one (250118) identified the non-overlapping 

areas that represent vegetation expansion, shown in 

yellow in Figure 11. Conversely, subtracting the recent 

Figure 10. Conversion of Kinnikinnick  vector line data 
into polygon features (in orange). 
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polygon from the earlier one generated a new layer highlighting areas of vegetation retreat (see Figure 
11). 

 

To support further interpretation of the results, the initial  site-wide polygons were subdivided into three 

sections - óWestô, óMiddleô, and óEastô - using the ñNew Shapefile Layerò function in QGIS (see Figure 11 
for section boundaries). These sectional polygons were then used as clip layers and overlaid onto the total 

gain and loss polygons via the vector geoprocessing tool ñClip.ò This produced six new sectional vector 

layers, each representing either gain or loss in one of the three site sections. Area and perimeter values 

were then calculated using the vector geometry tool ñAdd Geometry Attributes.ò The resulting surface 

area and perimeter measurements were accessed by right clicking the relevant layer in the Layers Panel 

and selecting ñOpen Attribute  Table.ò 

 
        Figure 11. Areas of Kinnikinnick  loss (pink) and gain (yellow) within  the different sections of the vegetation  
        survey area - West (blue), Middle (purple) and East (green). 

3.2.2.3 Using QGIS to detect elevation change 

 

To achieve goal (2) & (3) and associated objectives this software will  be used to: 

 

1. To determine the consecutive and long-term elevation change between DSMs of the last 5 years 
utilizing  the ñRaster calculatorò tool. 

2. Create an appropriate colour code of the difference maps to visualize sand deposition versus sand 
erosion.  

 

Legend 
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3. Clip the resulting raster models to a uniform polygon of the sand dune area to obtain coherent 
models. 

4. Create and compare elevation profiles along multiple transects within  the survey site. 

3.2.2.3.1 Sand dune elevation change detection through raster calculation 

 
To map the change in surface elevation over the sand dune restoration site between chosen years, the 

Agisoft Metashape generated digital surface models were run through a mathematical operation within  

the ñRaster calculatorò tool in QGIS. To identify  areas of sand deposition or erosion over time, the 

difference between the most recent model and the earlier model in each comparison pair was calculated. 

Throughout that process, the raster calculator aligns the grid of the two chose elevation models based on 

the cell position and then subtracts the cell elevation values that are overlapping. (See Figure 13 in section 
3.2.2.3.3 for an example map of difference.) 

3.2.2.3.2 Colour coding for elevation change detection 

 

As stated in Section 3.2.2.2.1, seven of these model comparisons have been carried out. Four of the 

resulting elevation change raster layers map the calculated differences - and therefore long-term changes 

- between January 2025 and the data from surveys conducted in the fall/winter  of each year starting from 

2020. The remaining three raster layers compare elevation changes between consecutive survey years. 

 

For clear visualization, the following layer coloration settings were applied consistently to both the 

initial  digital surface models (DSMs) and the elevation change models (see Figure 12): 
 

Å Render type: Singleband pseudocolor 

Å Bandwidth minimum: -1 

Å Bandwidth maximum: 1 

Å Interpolation: Discrete 

Å Color ramp: RdGy 

Å Label precision: 2 

Å Model: Equal interval 

Å Number of classes: 40 

Å Color ramp gradient stops: 0ï40% red, 50% white, 60ï100% grey 

 

These settings ensure that elevation changes are easily interpreted and comparable across datasets within  

QGIS. 
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 Figure 12. Layer coloration settings for digital surface and elevation change models in QGIS. 

 

Red shades correspond to areas of sand erosion (negative elevation change), while grey shades indicate 

sand deposition (positive elevation change). White  marks areas with  minimal or no change in elevation. 

The asymmetry in the gradient - where red occupies the lower 40%, white marks the midpoint, and grey 

spans the upper 40% - enhances the visual differentiation of terrain changes, particularly around the zero-

change threshold. 

3.2.2.3.3 Spatial delimitation of the mapping area 

 

As a final step in the process, all digital surface models were overlaid with  a newly created polygon 

representing the actual area of interest, the Schooner Cove sand dune restoration site, using the ñNew 

Shapefile Layerò function. Clipping this layer to the original models removes irrelevant areas, improving 

visualization (see Figure 13). This was achieved in QGIS using the Raster ñExtractionò tool and the ñClip 

Raster by Mask Layerò function. 
 

 
  Figure 13. Clipped map of difference between DSMs 211007 and 221211 on top of unclipped orthoimage  
  211007. 

3.2.2.3.4 Display of change over time through elevation profiles 

 

To make concrete statements about changes in dune elevation between selected years, and to assess the 

presence of sand dynamics in areas of interest, four digital transects, represented as vector lines, were 

placed within  the survey area (see Figure 14). These transects were strategically located to capture a 
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representative range of conditions within  the dune restoration site. Additionally,  they were positioned to 

explore a potential correlation between significant vegetation encroachment or retreat at the forest margin 

and the degree of sand dynamics. 

 

 
  Figure 14. Placement of transect lines W1, W2, E1, and E2 for elevation change analysis. 
After creating four new vector layers via the ñNew 

Shapefile Layerò function, elevation profiles were 

generated on the base of all five digital surface models 

concurrently for every transect by working with  the 

ñElevation profileò panel view in QGIS (see Section 
4.1.5 for resulting diagrams). Both the Y- (elevation) 

and X- (distance) axis intervals were set as shown in 

Figure 15 to the right. The chart ranges for distance 

and elevation are determined automatically depending 

on the nature of the transect. After that, elevation 

samples were taken from created points in a 1m 

interval along all four lines W1, W2, E1 and E2 by 

making use of the "Points Along Geometryò tool. The 

external plug-in ñPoint sampling toolò was then 

utilized to obtain an overview of the elevation values 

at these points for all the raster models from 2020 to 

2025 simultaneously. To add a numerical foundation 

to the visual analysis of sand dynamics at the 

restoration site, the survey year with  the highest elevation at each point along the transect was identified, 

with  the aim of detecting alternating elevation patterns as an index of dynamic dune behaviour. 

Additionally,  elevation changes in meters were calculated along the transects for the periods from 2022 

to 2025, 2023 to 2025, 2022 to 2023 and 2020 to 2025. These indices were then used to gain a more 

quantitative understanding of sediment movement in recent years and its potential influence on 

vegetation patterns over time. (See Appendix E for point elevation values spreadsheets.) 

 

4 Results and interpretation 
 

The following section provides an overview of the results, on the one hand, to evaluate whether the 

chosen methods and photogrammetric deliverables offer a reliable foundation for informing long-term 

dune restoration planning. In addition, a closer look is taken at both the visual and numerical results 

Figure 15. Diagram settings for the elevation profile of 
transect E2. 
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derived from the generated maps, which are further interpreted in relation to sand and vegetation 

dynamics. 

 

4.1 Accuracy assessment  
 

An assessment of the congruency of model pairs based on comparisons of the five ground control 

coordinates revealed very low average horizontal and vertical errors, ranging overall from <1 mm to 4.8 

cm (see Table 3, highest values in yellow). The smallest errors (between <1 mm and 1.2 cm) were observed 

when comparing data acquired either by the Phantom 4 RTK alone (211007, 221211, 231206) or between 

the Phantom 4 RTK and the Mavic 3 Enterprise (250118). Therefore, the highest accuracy is achieved 

when outputs are compared within  the same or technically comparable drone systems. The Root Mean 

Square Error (RMSE) for both horizontal (X/Y) and vertical (Z) coordinates further emphasize this, with  

error values being at least 3-4cm higher when datasets are compared with  the survey conducted using the 

Mavic 2 Pro on December 17, 2020.  

 
 Table 3. Horizontal and vertical alignment assessment between models based on control coordinates in meter. 

 
 

The error values associated with  sole ground control points (GCPs) incorporated into this assessment do 

not directly represent the true alignment of a map, since they are incorporated into the model processing 

through a weighted mathematical adjustment, which forces the reconstructed GCP positions to align 

closely with  their surveyed real-world locations. Therefore, the recorded low GCP error reflects the 

successful optimization rather than the overall map accuracy. To reliably assess the accuracy, it  is essential 

to include independently measured checkpoints, which are not used during georeferencing (see Protocol 
in Appendix B for checkpoint inclusion in Agisoft Metashape procedures).20 Such fixed checkpoints were 

not consistently recorded across the five-year survey period. As shown in Table 4, alternative checks using 

four log target checkpoint coordinates indicated slightly higher inaccuracies, particularly between models 

201217 and 250118, and 201217 and 211007, suggesting greater local distortion and inaccuracies in 

elevation change detection in map areas farther from GCPs.  
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 Table 4. Horizontal and vertical alignment assessment using driftwood log checkpoints in models in meter. 

 
 

 

Further assessments of the absolute accuracy evaluate the georeferencing performance in Agisoft 

Metashape, showing that the derived models differ in their projection from the true GCP values between 

<1 mm to a maximum of 1.1cm for models created on the basis of Phantom 4 RTK and Mavic 3 Enterprise 

data (see Table 5). This low error is also reflected through similar low numbers in the RMSE section. 

However, the map reproduction on the base of the drone survey conducted with  the Mavic 2 Pro in 2020, 

shows lower performance with  error values ranging between 3.8 and 5.2 cm. 

 
               Table 5. Absolute horizontal and vertical accuracy assessment between true and model ground control  
               coordinates in meter. 

 
 

A review of the Processing Report in Agisoft Metashape in Table 6 provides additional indicators of the 

absolute accuracy of the five reconstructed models. The X, Y, and Z error values represent the root mean 

square error (RMSE) of all corresponding coordinates in the drone imagery. In addition, the reprojection 

error (expressed in pixels) quantifies the distance between the reconstructed 3D point on an image and 

the original projection of that 3D point. As shown in Table 6, Survey 201217, conducted with  a Mavic 2 

Pro, recorded the highest error values across all categories. However, its reprojection error of 0.825 px 

remains within  the acceptable range. The reprojection error serves as an indicator of the quality of the 

camera calibration process and should generally be below one pixel (px), with  lower values reflecting 

higher calibration accuracy.33,34 
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Overall, using Ground Control Points brings the expected absolute accuracy of a correctly reconstructed 

and georeferenced dataset to a maximum of around 2-5cm horizontally, and 4-8cm vertically.20 As Table 
5 and 6 in Section 4.1.1 reflect, the overall performance of the map reconstructions from the 2021ï2025 

datasets can be considered to fall within  the acceptable absolute accuracy range, except for the Mavic 2 

Pro dataset of 2020.18,19  

 

    Table 6. Overall absolute horizontal and vertical accuracy assessment for each model. 

 
 

What is particularly relevant for the purpose of this project - detecting change over time and the degree 

to which the compared models align - is the relative accuracy of each individual dataset. This can be, inter 

alia, obtained by comparing real-world features of known dimensions with  their counterparts in the 

processed maps.20 Relative accuracy gives a sense of how ñaccurately points are positioned relative to each 

other within  the same dataset, regardless of their real-world locationò19. The expected relative accuracy of 

a correctly reconstructed and georeferenced dataset is typically estimated to be 1ï2 times the ground 

sampling distance (GSD) for horizontal (X, Y) values, and 1-3 times the GSD for vertical (Z) values.18 In 

this project, the GSD was set to 1 cm/px for all survey flights. Based on this standard and the comparison 

of the actual and projected log lengths in the different model, the models all lie with  an average length 

difference of 0.4 to 1.4 cm and length difference RMSE of 0.6 to 2.2 cm within  the expected range (see 
Table 7). It  should be noted that length measurements are subject to some degree of subjective error due 

to the placement of points in QGIS, which can be further affected by low image resolution. 
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                         Table 7. Relative horizontal accuracy based on driftwood log measurements. 

 
 

Even though most of these error numbers fall within  the valid accuracy range and indicate a generally 

high degree of alignment, pronounced discrepancies still  need to be considered when comparing dune 

elevation values and mapping the extent of Kinnikinnick  expansion or retreat. For example, vertical 

discrepancies of 4.4 cm and 4.7 cm (RMSE) in the model comparisons between 201217 and 250118 or 

211007, respectively, should be considered when interpreting elevation changes between these survey 

years. Additionally, relatively high horizontal alignment errors of 5.3 cm and 7.3 cm (RMSE) for the same 

model comparisons may introduce inaccuracies in change detection due to geographic shifts. The 

inaccuracies in these specific model comparisons may be rooted in the noticeable discrepancies in the 

absolute horizontal and vertical accuracy of model 201217 generated on imagery taken with  the Mavic 2 

Pro. 

 

 

4.2 Photogrammetric deliverables  
 
The following Table 8 describes the data deliverables generated in Metashape Agisoft throughout the 

course of this project. All  data is provided using the WGS84 UTM Zone 10N (EPSG: 32610) projected 

coordinate system and ellipsoidal elevation. 
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Table 8. Agisoft Metashape outputs for the project. 

 
 

 

4.3 Kinnikinnick  encroachment 
 

Area calculations on the base of the associated orthomosaics investigating the level of Kinnikinnick  

growth along the landward dune margin and whole extent of the restoration site revealed an overall net 

expansion of the mat forming shrub of 35.75 m2 between December 2022 and January 2025, which is 

specifically carried by a significant growth within  the middle section of the dune. 

 

The total area was divided into three sections to further define the zones that predominately experience 

expansion or loss (see Figure 11 in Section 3.2.2.2.3). 
The middle section, spanning approximately 220 meters in linear distance, extends from 49° 4ô 28.01ò N, 

125° 53ô 28.00ò W to 49° 4ô 27.48ò N, 125° 51ô 53.30ò W. It  encompasses the most significant Kinnikinnick  

accretion, totaling 116.71 m², compared to the smaller western (28.6 m²) and eastern (12.01 m²) sections 

(see Table 9). The relatively minor Kinnikinnick  loss results in a net gain of 104.15 m² in this section. In 

contrast, the segment at the western end of the survey area - stretching approximately 130 meters from 

49° 4ô 30.41ò N, 125° 53' 52.80ò W toward the middle - as well as the eastern segment, which extends 90 

meters to 49° 4ô 25.93ò N, 125° 51ô 41.38ò W, are both characterized by a net decrease in encroaching shrub 

vegetation, totaling a combined loss of 68.4 m². 

 
Table 9. Gain and loss of Kinnikinnick  vegetation cover. 

 
 

As part of the successional dune sequence, dwarf-shrubland communities migrate into the dune ecosystem 

following the establishment of pioneering, soil-enhancing bryophytes. These bryophytes typically 

colonize areas characterized by reduced sand movement and higher wind protection, forming mats further 
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inland where salt spray is less of a growth-limiting  factor.2,25 The mapped encroachment of Kinnikinnick  

along the forested margin of the dune, particularly in the middle section since 2022, can therefore be 

interpreted as an indicator of reduced dynamic sand movement within  the backdune, sand loss or of 

limited sand inflow from the foredune or backshore areas. 

 

4.4 Sand dune dynamics 
 

Elevation profiles were generated from the forest margin to the beginning of the backshore (see Figure 
16; and 14 in Section 3.2.2.3.4) and then elevation changes analyzed at 1 m intervals along dune cross-

sections between December 2022 and January 2025. This occurred with  particular focus on zones, 

showing notable Kinnikinnick  expansion or retreat, to explore potential links with  sedimentary 

processes. (See Appendix E for point value spreadsheets and larger diagrams) 
 

 

 
 Figure 16. Elevation profiles comparing surface elevation over five years (2020ï2025), created in QGIS based on vector    
 transect lines placed from the forest margin to the foredune at different locations within  the Schooner Cove dune. 
   
 

Figures 17 and 18 present the difference maps derived from the digital surface models, illustrating the 

notable changes in sand elevation over the past five years and between consecutive survey years. 

 

 

Foredune 

Incipient dune 
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Figure 17. Elevation profiles comparing surface elevation over five years (2020ï2025), created in QGIS based on vector transect 
lines placed from the forest margin to the foredune at different locations within  the Schooner Cove dune. 
 

 

Imagery acquired: 

2020-12-17, 2021-10-07, 2022-12-11, 2023-12-06, 2025-01-18 

Location: Schooner Cove dune 

Drawn by / Date: Mandy Lawrenz / March/April  2025 

CRS: EPSG 32610 - WGS84 / UTM Zone 10N 
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Figure 18. Year-to-year sand elevation changes in the Schooner Cove dune, December 2020 - January 2025. 

 

Imagery acquired: 

2020-12-17, 2021-10-07, 2022-12-11, 2023-12-06, 2025-01-18 

Location: Schooner Cove dune 

Drawn by / Date: Mandy Lawrenz / March/April  2025 

CRS: EPSG 32610 - WGS84 / UTM Zone 10N 
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A review of the consecutive and long-term difference maps indicates overall reduced sand deposition in 

the backdune area, particularly in the eastern section of the survey site and in some minor portions in the 

west as well as in recent years. The elevation profiles of W2 and E1, located within  this area, provide 

supporting evidence for this trend as well. Sand profile analyses between 2020 and 2025 indicate sand loss 

along the transect W2, extending up to approximately 22 m from the forest margin, with  an elevation 

decrease in the range of 0.06ï0.10 m, particularly since 2022. This depletion occurs over a longer section 

and with  a greater change in elevation compared to transect W1, which is situated in an area where an 

overall retreat of Kinnikinnick  has been recorded. Furthermore, transect W2 is with  70m the longest, so 

that in the area of these elevation profiles the sand and salt spray must travel the farthest distance to arrive 

in the backdune from the backshore, specifically when looking at the dominant direction of aeolian sand 

transport throughout the year at the Schooner dunes. Winter  winds are blowing consistently and more 

unidirectional from the SE into a NW direction and therefore with  a higher sediment transport potential, 

whereas from April  to August the main direction of transport is towards ESE.26 

 

This pattern is similar to the backdune area of transect E1, 

which is further protected from WNW -directed sand influx  

by a forested protrusion to the west. Additionally,  shrubs 

growing in the foredune area may impede the inflow  path, 

thereby limiting  furth er sand deposition in the backdune. 

Profile E1 also shows a small amount of sand loss up to 16 m 

from the forest margin. Specifically notable is that the 

comparison of the elevation profile lines of E1 and W2 of all 

years from 2020 to 2025 show little  variation in elevation 

over time or more of a chronological sand development in 

comparison to W1 and E2. This indicates a relatively low 

level of dune dynamics and, consequently, conditions 

favorable for vegetation encroachment. 

 

Whereas sand loss, longer sand transportation distance from 

the foredune and low elevation variability  support a 

correlation with  the Kinnikinnick  mat extent in the middle 

section, elevation profiles W1 and E2 reflect conditions, 

which support a more dynamic sand movement and 

therefore, an inhibition  of the vegetation encroachment. 

Since 2023, the area of sand loss along W1 has contracted 

from 14 to 12 meters from the forest margin and sand 

deposition has replaced earlier sand loss across a broader section further up the transect, which may 

indicate a trend of more dynamic sand movement into the dune. As the orthoimages from 2020 to 2025 

show, LWD is accumulating at the western end of the restoration site with  weather-induced changes in 

its composition. Driftwood  has been confirmed to have a significant function in trapping and storing 

sediment and can through increased surface roughness create a barrier for sand flow.7 However the high 

amount of sand storage within  Large Woody Debris still  allows for landward transportation especially 

during high winds, which in that case would be the Sommer storms blowing into the dune from the 

Northwest, and when the logs are lightly  packed - as in the associated foredune.7 This process may 

contribute to positive sand budgets along the transect and could help explain the observed retreat of 

Kinnikinnick  in the backdune. 

 

In contrast to the other three transects, E2 shows a continuous high sand accumulation from 2020 

onwards, extending from the backdune up to the incipient dune area, approximately 22 m from the forest 

Figure 19. Deposition of large woody debris in the 
foredune area of transect W1, photographed facing 
northwest on November 1st, 2025. 
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margin. Digital surface models confirm that significant years of sand accumulation across broader areas of 

the restoration site, especially in the mid-eastern foredune to backdune zones, can be identified as 2021 

and 2023. 
Despite minor areas of sand depletion, both the long-term difference map (December 2020 to January 

2025) and the elevation profiles confirm that the Schooner Cove dunes have undergone sustained sand 

accumulation and active dune building over the past five years. This process is driven by a steady influx  

of aeolian sand, most pronounced in the foredune, with  maximum elevation increases of 0.77 m along 

transect W2 and 0.62 m along E1. The inflowing  sand at Schooner dunes can be traced back mostly to an 

origin in subtidal glaciofluvial sand deposits, but also to some sediment delivery by rivers as well through 

the eroding bluffs at Florencia Bay in the Pacific Rim National Park Reserve about 15km further south. 

With  the foredune being most prominent in elevation profiles W2 and E1 (see Figure 20), a correlation 

may be drawn to the observed Kinnikinnick  mat expansion in this area. As the dune increases in height, 

the backdune becomes increasingly sheltered from prevailing winds. Such conditions may also inhibit  

sand transport landward of the dune ridge, while growth remains stable on the seaward side of the crest 

under conditions of low erosion.30 

 

 
Figure 20. (A) Foredune area of transect W2 and (B) foredune area of transect E1, both photographed facing 
east on November 1, 2025. 

 
 

Accumulation in the foredune area indicates sand trapping through roughness elements like vegetation or 

log debris.2 Continuous restoration efforts in the form of removing overstabilizing beachgrass (Ammophila 
spp.) and recently occurring horsetail (Equisetum spp.) in the foredune aim to achieve a low level of 

stabilization in which native plants can interact with  their environment in a healthy way. Such a 

relationship promotes the development of vertical topography while maintaining dynamic sand 

movement, as the sand is moderately stabilized by buried roots, stems, and leaves from natural 

vegetation.31 The restoration activities are visible in the digital elevation change models as a dotted, 

speckled red texture, indicating the removal of individual vegetation objects in comparison to cohesive 

ground-surface changes. Elevation value tables (see Appendix E) indicate that foredune growth and sand 

accumulation in the lee of the foredune occurred primarily  during the two most recent periods, 2022ï

2023 and 2023ï2025, suggesting restoration success. Furthermore, a consistent, and recently expanding, 

patch of the very rare and endangered Pink Sand-verbena (Abronia umbellata) has developed in the 

foredune area of the western flight  section, adjacent to GCP4 and transect W1 (see Figure 21). This 

population originated from plantings between W1 and W2 in 2013 and 2014; other plantings were also 

conducted across the Schooner Cove dune site between 2012 and 2015.48 This indicates suitable dynamic 

habitat in this area.  
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     Figure 21. Presence of Pink Sand-verbena in the foredune of the western dune section. 
     
 

Based on the elevation profile lines from 2020 to 2025 of transect W1, W2, E1, E2 conclusions can be 

drawn on the stages through which a foredune has and will  progress in an evolutionary sequence. 

Comparing the appearance of the foredune section of the elevation profiles, Hespôs morpho-ecological 

model of established foredune evolution27 allows to deduct that the foredune of transect E1 reflect a stable, 

gradually building dune, whereas E2 and W2 represent the course of a stable, gradual erosional foredune 

with  slight landward movement. Furthermore, the more flattened appearance of the elevation profiles in 

E2 is indicative of a lower level of sand trapping vegetation cover, so that aeolian processes are more likely  

to transport sand to higher parts of the dunes and over the leeward slopes.27  

 

Such multi -year elevation profiles can, like W1, also reveal short-term, substantial impacts of erosive high-

water events, which result in a pronounced loss of sand from the foredune. This is visible, for example, in 

the most severe drop in elevation in the western section between 2021 and 2022 with  sand loss reaching 

up to one meter, as well as in the altered shape of the elevation profile recorded in January 2025. The 

coastline of the Pacific Rim is exposed to seasonally high wind and wave energy events, which can change 

the shape of the beach and sand reservoir drastically. Strong winds especially from the SE, storm surges 

and big swells mainly from WSW, lead to much steeper beaches throughout the winter  months, the 

erosional period.2,29 

Also, elevation change models of the periods December 2020 to October 2021 and October 2021 to 

December 2022 as well as December 2023 to December 2024 show a pronounced loss in elevation in the 

western foreshore and, to some extent, in the backshore section. Local historical weather data from 

Environment Canada Station, Tofino A, and corresponding swell reports recorded significant weather 

events during these periods. For example, in early January 2021, one of the strongest gusts on record (94 

km/h from the northwest) occurred in combination with  persistent southwesterly swell over several days. 

Similarly, in early April  2022, wind gusts reached up to 84 km/h from the west accompanied by high swell 

conditions (see Figure 22).28,32 These events likely  contributed to sand loss in the incipient and foredune 

zones, primarily  because of storm surges impacting the more exposed western section of the dune system. 

(Refer to Appendix F for historical weather data covering all survey periods.) 
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Figure 22. Average gust speed and wind direction for (A) December 2020 to September 2021 and (B) October 2021 to November 
2022. Data from Historical Climate Data, Station Tofino A, Government of Canada.32 

 

 

When making long-term geomorphological assumptions of the Schooner Cove dune system, it  is 

important to consider both rapid, short-term, but also gradual weather dynamics, including the increased 

likelihood of extreme events such as storm surges and coastal flooding, as well as relative sea level rise, the 

climate change-driven increase in sea level relative to vertical land movement caused by post-glacial 

rebound and tectonic shifts. At the coast of British Columbia, the RLSR has been estimated at 0.7 mm/year 

in contrast to 1 mm/year globally5. Based on records from 1910 to 2014 the average sea level in Tofino fell 

at a rate of 12.4 cm per century6. These factors have an overall impact, for instance, on beach width,  sand 

availability and the effective distance for onshore aeolian sand transport.4,5 

 

As these previous examples demonstrate, the created orthomosaics and digital elevation change models, 

combined with  vegetation mat vector lines/area polygons and profile diagrams, can be used to make 

informed statements about the geomorphological evolution of the Schooner dunes and, in turn, help guide 

restoration objectives. 

Understanding the full  range of factors controlling dune morphodynamics, like wind patterns, sediment 

supply, vegetation characteristics, hydrological trends, and beach-dune mobility,  requires detailed site-

specific analyses, which are beyond the scope of this project. Instead, the next section focuses on discussing 

the results and interpretations based on the accuracy assessment and methodology, followed by 

recommendations for improving photogrammetric outputs in future surveys. 

 

 

5 Discussion 
 

This project aimed to evaluate the suitability of basic photogrammetric analysis of drone imagery, using 

orthophotos, digital surface models (DSMs), DSMs of difference and ground control points (GCPs), to 

detect and quantify changes in sand distribution and dune dynamics in the Schooner Cove area over time. 

Additionally,  it  seeks to assess vegetation encroachment in relation to these geomorphic processes, while 

considering factors influencing DSM precision and accuracy. 

 

For this purpose, five orthomosaics and digital surface models were generated using the software Agisoft 

Metashape on the base of data collected from drone-based photogrammetry surveys, which were 

conducted at Schooner cove over five consecutive fall-winter  seasons between 2020 and 2025. All  models 

were georeferenced to ensure comparability incorporating a consolidated consistent set of five ground 
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control points (GCPs). Then, an accuracy assessment was conducted for both the orthomosaics and DSMs 

to evaluate their absolute, relative, and positional accuracy, as well as cross-model congruency. 

 

A comparative Kinnikinnick  (Arctostaphylos uva-ursi) encroachment analysis through vector calculations 

was carried out between the model years 2022 and 2025 in QGIS. For sand elevation change analysis, 

raster-based elevation difference models were created to visualize changes in sand distribution and dune 

morphology consecutively (e.g., 2020-2021, 2021-2022, etc.) and cumulatively (2020-2025, 2021-2025, 

etc.). To further quantify sand distribution in certain areas of the dune in alignment with  areas of 

Kinnikinnick  loss or gain, four transects lines were placed throughout the five DSMs, then diagrams 

created and elevation values taken every 1m.  

As the interpretations in Section 4.2 indicate, the DSMs of difference and transect diagrams provide a 

useful basis for assessing changes in sand elevation and broader geomorphological trends. They can 

therefore be considered valid tools for evaluating restoration efforts. However, a critical assessment of 

accuracy and methodology reveals certain limitations that should be kept in mind when interpreting the 

outputs. 

 

When comparing sand elevations in between different years, errors, for example, in the z coordinate of 

two models implies that the represented change in sand elevation in the DSMs of difference is not the 

actual real-world observation, but incorporates systematic errors created, inter alia, by discrepancies in 

alignment. Looking at the RMSE Z value, gives an impression on how far the DSM elevations are from the 

true elevation change, while giving more weight to large errors, whereas the Average Difference Z value 

shows to which level the difference map over- or underestimates the change overall on the base of error 

measurements of the 5 control points.17  

Any comparisons involving data from the drone survey done in December 2020 with  the Mavic 2 Pro 

indicate the highest misalignment, for example, of 0.044m RMSE Z to the 2025 model. Looking at transect 

W1 and its elevation change (see Appendix E for tables), that would indicate that points along the transect 

with  a 0.044 m and smaller sand loss may not actually be a depletion, but rather none to a small 

accumulation, for example for some of the points between meter 6 and 21 from the forest margin. This is 

also applicable to areas which experienced sand deposition over the years, which may have, thus, 

experienced an even higher increase. Overall detected alignment errors have been very minimal, though 

with  the highest vertical deviation of 0.047 m (RMSE) and horizontal deviation of 0.053 m (RMSE) 

recorded for the model comparison between 201217 and 211007.  

 

The particularly low error values observed when comparing orthomosaics and DSMs generated from the 

same or comparable drone model, in this case, the Phantom 4 RTK (211007ï231206) and Mavic 3 

Enterprise (250118), underscore the recommendation to either consistently use the same drone model or 

carefully account for any changes in drone model when interpreting. Among other components, 

differences in satellite geometry, sensor size and quality, lens optics, shutter type, or the performance of 

the inbuilt  GNSS system can reduce matching accuracy. For example, the Mavic 3 Enterprise with  RTK 

and a higher precision GNSS might give far better absolute accuracy than the Mavic 2 Pro using standard 

GNSS. Furthermore, drones with  mechanical shutters, like the P4RTK or M3E, can reduce distortion if  

they fly  over varied terrain like dune ecosystems, in comparison to electrical shutters like in the Mavic 2 

Pro. High quality cameras with  larger sensors, like in the Mavic 3 Enterprise also reduce noise and 

therefore improve tie-point matching when creating orthomosaics, especially in low contrast 

environments like sand dunes.20,35 

Differences in image quality can also have an impact on vegetation mat expansion analysis as the 

delineation of vegetation edges may vary in precision. Besides that, horizontal inaccuracies were minimal, 

with  an RMSE of 0.013 m for the 2022 model relative to 2025, suggesting that the vector calculations used 

for the Kinnikinnick  analysis are largely unaffected by misalignments. In terms of inaccuracy for vector 

delineation challenges mainly arose through shading resulting from a less suitable time of the day in model 
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221211, from some occurring distortion in model 221211 or from dead plant parts and low-resolution 

making plant identification challenging. Using other GIS software like QField, a mobile app for field data 

collection, instead for mapping, would allow for viewing, collecting and editing spatial data directly on 

site. Furthermore, just drawing the Kinnik innick  vector lines might not identify  the actual increase in 

vegetation as the line extension or retreat doesnôt say anything about the increase in density of the 

vegetation, as it  is, for example, observed in the eastern half of the middle section.  

 

Overall, the low detected errors suggest a high level of comparability between the models and confirm 

the suitability of the method. However, they also indicate that photogrammetric outputs are not reliable 

for detecting very small changes, but rather for identifying  more distinct variations that become apparent 

over longer time periods. Besides inherent inaccuracies, some of the represented changes within  the 

models may result from short-term weather events right before the data collection rather than reflecting 

the geomorphological processes that occurred throughout the entire year. The Schooner Cove sand dune 

and coastal sand ecosystems in general are highly reactive to weather condition, so that every drone survey 

and obtained elevation model can only reflect the state of a dune at a given point of time, while it  may 

have gone through multiple stages of sedimentation and erosion and therefore elevation changes 

throughout the year. It  is therefore from interest, when interpreting short-term changes in the models, to 

look at historic weather data specifically in the weeks before the survey was done and how the relocation 

of flotsam and log debris as well as sand dune restoration efforts like invasive species removal in the time 

period between surveys, may have impacted the sand dynamics and their reflection in the digital elevation 

maps. Therefore, if  conditions and budget allow, the number of drone surveys should be increased to allow 

for a more precise representation of geomorphological changes throughout the year. Weather and sun 

position on the survey day can also impact the photogrammetric matching through the creation of 

shadows and varying light  conditions, so that choosing a consistent survey time when the sun is the 

highest is recommended. 

 

Besides increasing the number of surveys throughout the year, a regular survey time and consistently 

using the same or comparable drone models as stated above, it  is also important to ensure constant survey 

parameters across years - including the flight  altitude, overlap, flight  path and camera settings - to reduce 

differences caused by capture and not actual change. Not all of the parameter settings of the past years 

surveys can be backtracked, but the information available (see Table 1 in Section 3.2.1) reflects that over 

time changes have been made adapting to new drone systems, which lead to small differences in the GSD, 

altitude and number of pictures taken. The lower the GSD, the better the accuracy is when measuring 

surfaces of different elevations. To increase accuracy it  is, inter alia, recommended to keep the frontal and 

side overlap high for complex survey sites, at 80-90%, which increases the amount of imagery, GPS data 

taken for each pixel, key-point detection - like Ground Control Points - and tie-point matching 

throughout the processing in Metashape Agisoft. Furthermore, it  would be beneficial to extent the 

boundary of the flight  area adjacent to the GCPs at the forest margin, as areas in proximity  to the 

orthophoto edge often experience distortion.20,36 

 

Not only consistency in flight  parameters but also precision in the RTK surveying of ground control points 

(GCPs) and check points is crucial for successful post-processing and accurate georeferencing of imagery. 

Errors may arise, when targets are not placed perfectly flat on the surface, which can lead to inconsistent 

rebar height measurements depending on the surveyor. Further measurement discrepancies may occur 

due to subjective variation when positioning the rover over the target or when determining the base 

station height. For post-processing of the imagery, it  is helpful to remove vegetation around the targets as 

best as possible, so that oblique images from every direction picture the checkerboard targets accurately 

for most efficient marker placement in Agisoft Metashape. 
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The fact that a sand dune is a dynamic system, which goes through topographic changes, brings limitations 

to the ability  to place fixed ground control and check points. In general, a higher number of ground control 

points and an even distribution covering different elevation across the survey site result in better 

alignment and greater positional accuracy.37 The Nevada Department of Transportation found that using 

four or fewer ground control points (GCPs) significantly reduces the accuracy of orthophotos, whereas 

increasing the number to more than five to ten provides minimal additional improvement.38 An 

experiment by Sanz-Ablanedo et al. in 2018 determined that the highest horizontal accuracy (as quadratic 

sum of the northing and easting error) can be achieved, similar to the value of the GSD, when at least one 

GCP per 35 images is placed.37 In the case of the Schooner dune site that would mean 12-16 control points 

instead of 5. They also indicate that at a ratio of 75 images per GCP, vertical accuracy declines to roughly 

3×GSD and horizontal accuracy to 2×GSD. This level of accuracy could be achieved by having around 6-

7 ground control points for the imagery acquired in the five survey flights of this project. Overall, it  is not 

possible to achieve a vertical accuracy that approaches the GSD, regardless of the number of GCPs used in 

a project.38 Besides increasing the number of GCPs, the placement of GCPs in the overlap area of the two 

flight  areas is beneficial.39 

 

Except for GCP 4, all control points were positioned more or less along a single line, which can be 

attributed to the fixation of the targets with  rebars in areas of low sand movement. However, 

concentrating GCPs in specific areas, toward the periphery or the center, as well as leaving large gaps 

between them, is generally considered an ineffective strategy. For example, Sanz-Ablanedo et al. 

demonstrated in their experiments that control points should be evenly distributed across the entire 

survey area, preferably arranged in a triangular mesh pattern or in a configuration that minimizes the 

maximum distance to any GCP.37 Further studies suggest that best horizontal accuracy is achieved, when 

ground control points are located around the edge of the study area with  a few GCPs placed inside the 

area in a stratified pattern to also optimize the vertical accuracy.40 As explained in Section 4.1, true 

accuracy cannot be measured using only ground control points. For the project method of aligning 

multiple orthophotos with  a consistent set of ground control points, it  would be beneficial to be able to 

access data of a set of fixed check points to quantify the instrumental error.  

 

Due to the dynamic nature of the dunes and the restriction on placing more ground control and check 

points, alternative ways of improving the accuracy of the data sets should be explored. For example, 

conducting RTK (Real-Time-Kinematic) surveys for real-time-correction of GPS data via connecting the 

drone RTK module to a NTRIP network via mobile connection or using Relative RTK via connecting the 

drone to an RTK base station and radio link.  However, in that case the coverage of the location and 

opportunity of a stable internet connection needs to be assessed. Alternatively  Post-Process-Kinematic 

(PPK) is another way of achieving high accuracy georeferencing without  need a constant RTK connection 

via software that calculates corrected positions out of drone and base station GNSS logs.19 

 

For a more comprehensive analysis of the digital surface models, the incorporation of additional factors 

like vegetation distribution and seasonality, and the location and movement of driftwood logs between 

survey years would have provided a more complete understanding. It  is likely  that some of the observed 

elevation changes are influenced by these factors. However, this level of analysis was beyond the scope of 

the current project. To avoid the projection of vegetation and driftwood instead of sand surface, the use 

of digital terrain models (DTMs) rather than digital surface models (DSMs) could be considered for more 

precise elevation change analysis. However, the creation of DTMs, which are built  only out of determined 

ground points of a Structure-from-motion (SFM) point cloud, has been ruled out due to potential 

discrepancies in the ability  of the different drone sensors used to clearly detect the ground surface as well 

as an photogrammetry-based point cloud to detect and represent the actual terrain.41 
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The findings of this project provide the basis for the following summary of practical recommendations 

aimed at improving the accuracy and efficiency of future drone mapping projects at Schooner Cove dune 

restoration site: 

 

Å Use a consistent drone model or account for model changes when interpreting results. 

Å Increase the number of drone surveys, if  budget and conditions allow, to better capture 

geomorphological changes throughout the year. 

Å Maintain constant survey parameters across the years. 

Å Use the lowest possible GSD to improve surface measurement accuracy across varying elevations. 

Å Keep high frontal and side overlap (80ï90%) for this complex survey site. 

Å Extend the flight  area boundary adjacent to ground control points (GCPs). 

Å Ensure precision in RTK surveying of GCPs and check points. 

Å Use a higher number of well-distributed GCPs covering different elevations for better alignment 

and positional accuracy. 

Å Place some GCPs in overlap areas between flight  zones. 

Å Establish and use fixed check points. 

Å Explore alternative accuracy-enhancing methods, such as RTK or PPK, instead of GCPs. 

Å Consider using digital terrain models (DTMs) instead of digital surface models (DSMs) to avoid 

projecting vegetation or driftwood instead of the sand surface. 

Å For Kinnikinnick  (Arctostaphylos uva-ursi) mat analysis, use QField to view, collect, and edit 

spatial data directly in the field. 
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Protocol for Generating Comparable Orthomosaics and Digital Surface Models for 

the Schooner Cove Dune Restoration Site Using Agisoft Metashape  


