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Disclaimer: UBC SEEDS Sustainability Program provides students with the opportunity to share 

the findings of their studies, as well as their opinions, conclusions and recommendations with the 
UBC community. The reader should bear in mind that this is a student research project and is 
not an official document of UBC. Furthermore, readers should bear in mind that these reports 
may not reflect the current status of activities at UBC. We urge you to contact the research 

persons mentioned in a report or the SEEDS Sustainability Program representative about the 
current status of the subject matter of a report. 
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Executive Summary for Report 

Our project assesses priority 3 of the UBC Biodiversity Framework, maintaining and enhancing canopy 

cover to 36% across campus. The framework outlines and details campus strategies for guiding the 

protection of biodiversity in relation to climate resilience and mitigation of the urban heat island (UHI). 

Within our assessment we conducted a literature review, where canopy cover was deemed an important 

indicator but insufficiently a standalone metric for tracking long term biodiversity readings and healthy 

urban ecosystems. This was achieved through three identified strategies in the current UBC Biodiversity 

Framework: maintain or enhance canopy cover to 36% by 2050, monitor campus tree-planting locations 

and green funds, while tracking current inventories of urban trees. 

 
Beyond the literature review our approach with this project was to evaluate which indicators could 

supplement canopy cover as a metric for tracking campus biodiversity and the health of local urban 

ecosystems. While canopy cover holds precedence and accessibility across professional and academic 

standards, UBC’s use of canopy cover for this priority is limited based on its data collection in 5 year 

intervals and inability to capture all aspects of biodiversity and ecological functionality needed to make 

well informed decisions and plans regarding the infrastructure. From this point canopy volume was 

deducted as a fitting metric to support canopy cover. Proof of concepts using open source LiDAR data 

sets from the City of Vancouver enabled the development of ArcGIS maps to visualize our findings. This 

included the recognition of 2 sites, Ponderosa Commons (PC) and the School of Public Health and 

Population (SPPH). From this, a joint 2-Dimensional (2D) and 3-Dimensional (3D) canopy cover and 

canopy volume map was created, alongside a temporal difference in canopy volume between 2018 and 

2022. Furthermore, a model using voxelization to explore a more accurate approach was conducted, 

allowing a 3D model to differentiate the spaces between branches. A tessellation map was also created 

to assign joint ratings between canopy cover and canopy volume. 

 
For future indicators in relation to canopy cover and the supplementation of canopy volume, our group 

identified metrics for the canopy to be added beyond the project. These include vertical heterogeneity, 

native species, species diversity, canopy loss via development, and tree health. Due to time constraints , 

these indicators were unable to be further explored in the layout of this project. Altogether the 

indicators will be critical for directing decisions surrounding biodiversity and urban ecological 

functionality for the wellbeing of the UBC campus. 

 
Introduction 

The UBC Biodiversity Framework (UBCBF) is a document that UBC has chosen to guide its campus in 

supporting biodiversity across the campus to enhance climate resilience and mitigate UHI effects 

operating under the UBC Campus Vision 2050 and Land Use plans. In the larger campus context, the 

UBCBF has been and will continue to be connected to other policies that support biodiversity, climate 

resilience, and UHI mitigation. The UBCBF has been divided into 9 priorities that appropriately establish a 

direction of approach for attaining such a large and complex goal. The priority we have been assigned as 

a group is priority 3: “Maintain tree canopy cover”. One report by Diamondhead Consulting, which we 

expect will closely align with our priority, is the UBC Campus Vision 2050: Ecological Baseline Report 
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(EBR). UBC Campus and Community Planning (C+CP) plans to use the EBR to guide major decisions 

toward one of the main goals of the campus vision plan, supporting biodiversity. The UBC Campus Vision 

2050 baseline report shows the campus's canopy cover at 36% in 2023 (Diamond Head Consulting, 

2023). The current goal for priority 3 is to measure canopy cover every 5 years, so UBC can track and 

compare across time. This is where our issues began regarding our priority: how could canopy cover 

possibly tell us enough about biodiversity and ecological function to promote habitat provision, 

pollinator support, invasive species suppression, connectivity, biomass climate resilience, and mitigate 

UHI? The literature states that canopy cover struggles to convey the benefits of the urban forest for 

biodiversity (Savo et al., 2024). 

 
Our next step was to interrogate canopy cover to determine why it wasn’t a sufficient indicator for the 

framework. We found gaps and limitations right away. The first was that the canopy cover used across a 

temporal scale for comparison needs to be applied the same way every time. Meaning, when new ways 

to measure come to the forefront, we must remain steadfast in our approach if we are to compare 

across a temporal scale. This would include using the same resolutions for orthoreferencing and the 

same methodologies across time. The second was that canopy cover is a 2-dimensional measure of 

canopy and fails to tell the full story about the ecosystem services the urban forest provides. Just 

because we have leaf cover in an area doesn’t mean we have high biodiversity. Biodiversity affects every 

part of our landscape, and therefore requires a much more in-depth analysis. We need an indicator that 

provides much more detail on wildlife nesting and pollinator habitat, transpirational cooling, or 

rainwater interception. 

 
Methods 

Our group’s review and process of assessment for priority 3 of the UBC Biodiversity Framework began 

with an in depth literature review. Canopy cover as a metric, across municipal, academic, and 

professional application, retains an immense presence (Martinez et al., 2025). Its ability to support 

localized planning, urban forest benefits, and sustainability metrics is also crucial based on its 

accessibility, precedence and reach (Bonney et al., 2024). However, despite these benefits and its 

continued essential use as an indicator, canopy cover has major limitations in its ability to track and 

assess the functional capacities of biodiversity and ecological activity (Savo et al., 2024). It doesn’t show 

the full picture in its current application within the UBC Biodiversity Framework and measures of 

biodiversity beyond. As this stands, canopy cover is the only metric for tracking the ability for the UBC 

urban forest to support biodiversity and campus ecological functionality. This is in addition to its 

blueprint for tracking campus trees, found in UBC’s push to measure vegetation above two meters in 

height using a five-year interval of LiDAR (Light Detection and Ranging) data to assess canopy cover 

metrics (Diamond Head Consulting, 2023). From this assessment, as mentioned before in the 

introduction, canopy cover alone for UBC is limited in its ability to provide analysis, support, and 

understanding for campus biodiversity. 

 
In review of these patterns, our group approached the dialogue in recognition of the gap that canopy 

cover holds for measuring biodiversity. To supplement canopy cover with additional metrics, we identify 
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canopy volume as an indicator to add to priority 3. This will further support the analysis of ecological 

functionality, biodiversity, and the overall health of urban ecosystems on campus. 

 
After concluding our interrogation of Canopy Cover, we wanted to expand our horizons to see what 

other indicators might provide a better understanding of how the Urban forest is supporting biodiversity. 

Our brainstorming began through the lens of which ecosystem services the urban canopy provided that 

best supported the main narrative of the UBCBF: supporting biodiversity across the campus to enhance 

climate resilience and mitigate urban heat island (UHI) effects. We considered factors such as leaf area 

index, which might be relevant to rainwater interception or transpirational cooling. We brainstormed 

many indicators and made a list to highlight our process and ultimate selections (Figure 1). These 

examples of indicators were okay, but lacked the meaning we wanted to convey in our project. We 

wanted to find indicators that told the best story about how our priority supported biodiversity. We 

conducted a thorough review and elimination process, resulting in six possible indicators. 

 
Vertical Heterogeneity 

The first meaningful indicator we found was vertical heterogeneity. Vertical heterogeneity piqued our 

interest because of its multifaceted interactions with biodiversity. Professor Matthew Mitchell conducted 

a study in Melbourne that structurally divided the canopy into “bins,” intended to represent its different 

layers. Mitchell argued that the greater the structural complexity of a city’s urban forest, the more 

habitat it provides for pollinators and wildlife (2016). We believe this indicator tells us much more about 

supporting biodiversity. 

 
Native Species 

The next meaningful indicator we wanted to incorporate was prioritizing native plant species. I recently 

attended a guest lecture in a soil restoration class, where guest lecturer Cindy Prescott unveiled the 

intricacies of native plant species when planted in native landscapes. Cindy lectured that, through 

coevolution, these plants attracted native soil microbes via their unique root exudates (labile carbon and 

sugars). These microbes, along with a deeper root litter (turnover), create the means for soil restoration. 

Within the literature, we found many sources supporting her claim (Prescott & Grayston, 2013; Li & 

Ostermann, 2015; Aronson et al., 2017; Wang et al., 2022). Our thoughts with this indicator were that if 

we can support what helps the urban forest grow, then we effectively have a tool to support biodiversity 

at a very large scale. 

 
Another reason we were so interested in this indicator was the opportunity for reconciliation. We believe 

that if UBC invited local First Nations groups in to plan the plantings of culturally significant trees, this 

could be a strong action towards meaningful reconciliation. By using actions rather than virtue signaling 

with (sometimes) false platitudes, we avoid the judgment of whether it was genuine or not. Actions 

speak louder than words, and inviting a culture onto campus to express themselves culturally is a great 

form of respect. This action also offers the benefits of native plants outlined in the previous paragraph. 
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Species Diversity 

The third meaningful indicator we chose to include in our project was Species Diversity. Increasing tree 

species diversity in the urban forest can enhance ecosystem resilience by reducing vulnerability to 

disturbance and maintaining ecological function (Tilman et al., 2006). More diverse urban vegetation 

also provides a wider range of habitats and resources, which supports greater biodiversity, including 

pollinators and other wildlife (Aronson et al., 2017; Alvey, 2006). We chose this indicator because it 

supports the UBCBF's main narrative in multiple ways. 

 
Canopy Loss via Development and Construction 

This indicator was chosen with a more political tool approach in mind. The literature shows that canopy 

loss in urban areas across the US is mainly attributed to development (Nowak & Greenfield, 2012). The 

city of Vancouver has also found in its urban forest strategy that a large amount of canopy loss is due to 

development (COV, 2025). Our thoughts are that if we could track exactly how much canopy loss is due 

to development, we could give the authors of the UBCBF a tool to combat development in meetings with 

the board of governors. This indicator, coupled with others in the UBCBF, could provide a strong defense 

for the urban forest and biodiversity as a whole. 

 
Tree Health 

The fifth meaningful indicator we chose to include in our project was Tree Health. It reflects the overall 

condition of the urban forest and can help identify decline, pest or disease issues, and maintenance 

needs. Monitoring tree health can also help guide management before localized problems become 

larger-scale canopy loss. Municipal urban forest strategies such as those from Oak Bay, Vancouver, and 

Saanich also recognize the importance of monitoring tree and forest health as part of long-term canopy 

management (District of Oak Bay, 2025; City of Vancouver, 2025; District of Saanich, 2024). We think this 

indicator is important because canopy presence alone does not tell us whether trees are healthy, stable, 

or likely to persist over time. In this way, tree health adds an important condition-based layer to canopy 

monitoring and supports the broader narrative of the UBC Biodiversity Framework. 

 
Interactive Indicator Table 

 
These 5 indicators above are ones we would have liked to explore for our proof of concept, as we think 

they are very relevant to the main narrative of the UBCBF. Unfortunately, we are limited by time and 

want to create a single, solid, meaningful proof of concept for an indicator we believe is integral to the 

urban canopy. Therefore, we have created an interactive indicator table (Table 1) that includes these 5 

indicators. It delineates why we think it's important (also explained above), the literature supporting it, 

the assets here at UBC that might help track it, and a brief explanation of how one might implement it. 

We hope decision-makers can update, add to, and use this table to track other indicators in the future. 
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Canopy Volume 

 
Canopy volume was selected as the central indicator in this project because it addresses a major 

limitation of canopy cover. Canopy cover shows the horizontal extent of trees, but it only represents 

canopy in two dimensions and does not capture vertical structure or complexity. This limits its usefulness 

for evaluating biodiversity, ecological function, and climate resilience. Canopy volume adds this missing 

three-dimensional component. It better reflects structural complexity, biomass, and the 

three-dimensional presence of vegetation. This is especially important for urban heat mitigation, since 

effective mitigation depends not only on canopy area and spatial configuration, but also on canopy 

vertical structure (Chen et al., 2020). The same logic applies to biodiversity and ecosystem services, 

because management should not focus only on the amount of tree cover, but also on where vegetation 

vertical complexity needs to be improved (Mitchell et al., 2016). For these reasons, canopy volume 

aligned more closely with the main narrative of the UBC Biodiversity Framework and was selected as the 

indicator to carry forward into the rest of our analysis. 

 
Summary of workflow 

 
Canopy Height Model (CHM): 

 
The analytical workflow was designed to translate canopy volume from a conceptual indicator into a 

measurable, reproducible output. 

First, we began by acquiring key datasets from two sources: 2021 UBC LiDAR data scan from the UFOR 

444 course on Green Network Planning and 2022 Vancouver LiDAR point cloud data from City of 

Vancouver Data Open Portal. As LiDAR data was collected every 4-5 years (previously 2018 and 2013), 

2022 is the most compatible one to compare with 2021’s UBC LiDAR data’s spatial extent and vertical 

structure of vegetation (volume). 

To enable meaningful comparison, we identified two study sites on campus with similar canopy cover 

but distinct structural characteristics. PC is site 1 with a lower canopy volume and SPPH is site 2 with a 

higher canopy volume. We then standardized the projection and clipped the 2022 Vancouver LiDAR data 

to the selected sites. 

To represent canopy structure, we generated two surface models: Digital Surface Model (DSM) captures 

the elevation of the highest features on the landscape (including tree canopy), and Digital Ground Model 

(DTM) represents the ground elevation. By subtracting the ground surface from the top surface, we 

derived a Canopy Height Model (CHM) that reflects the vertical dimension of vegetation. We further 

refined this model by excluding vegetation below a minimum height threshold of 2m. While the city of 

Vancouver defines canopy as vegetation with a mean height of 3m or greater, we adhered to UBC’s 2m 

definition for high vegetation or canopy. 

The resulting canopy height data were then spatially constrained to the known canopy extent using 

polygon boundaries of 2021 UBC LiDAR data. Additional adjustments were also made to remove any 
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interference from buildings or irregular values. This process further filtered the dataset to accurately 

represent tree canopy height across each study site. 

Finally, canopy volume was calculated by aggregating the height values across each site, producing a 

total volumetric measure of high vegetation. Repeat the same process above once for each site and we 

could directly compare our two sites at PC and SPPH. Through this comparison, we were able to evaluate 

how canopy volume captures the differences in ecological complexity and potential functions that are 

not visible with using canopy cover alone. 

Voxelization and method comparison: 

 
As part of our effort to ensure that canopy volume was being measured in a reliable way, we also 

explored voxelization as an alternative approach. Voxelization represents canopy structure in 3D by 

organizing LiDAR data into a grid of small cubes, and reflects whether vegetation occupies that space. 

This is a more realistic representation of canopy structure, as it also captures the gaps between 

branches. We applied voxelization to individual trees to test its effectiveness against our CHM. The 

comparison revealed that voxelization produces a more precise estimate of canopy volume, while CHM 

tends to slightly overestimate because it assumes a continuous canopy. However, this increased accuracy 

comes with the tradeoff of significantly greater complexity, which is also why we only applied it at a 

smaller scale in this time-limited study. 

Tessellation and indicator mapping: 

 
To move from analysis to site application, we applied a tessellation method that translates canopy 

metrics (cover and volume) into a usable format for decision-making. Rather than isolated sites, this 

approach divides the campus into a continuous grid of equal-sized spatial units. We opted for hexagonal 

cells to create a consistent representation of space. Within each hexagon, canopy cover and canopy 

volume were standardized and combined into a composite score, allowing each unit to be evaluated. By 

integrating volume into the analysis, the map allows users to quickly identify areas of high and low 

ecological performance, even when canopy cover appears similar. More importantly, it helps establish a 

framework for tracking change over time, supporting long-term monitoring and adaptive management. 

 
Results 

Within our group’s work for the project, several outputs were produced to communicate findings from 

the term. The first was a canopy coverage map of two sites across the UBC campus that show nearly 

identical readings in canopy cover, but stark contrasts between canopy volume (Figure 2). The two sites 

are labeled as PC,with a cover of 59.33% and a volume of 29,306 meters cubed, and as SPPH, with a 

cover of 61% and a volume of 44,088 meters cubed. Both sites also had the same area of 6,943 square 

meters. This was visualized at 2D and 3D scales. To add to this indicator of canopy volume, we produced 

a temporal differentiation map that expressed a 6% increase in canopy volume of the same sites 

between 2018 and 2022, using the available LiDAR datasets from the City of Vancouver public source. 
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After developing the canopy cover and canopy volume differentiation, we produced a visualization of 

voxelization to show the accuracy between our initial CHM and the voxelized model. Results showed 

further accuracy using voxelization, with a canopy reading of 412 meters cubed, while the CHM read 468 

meters cubed. While more time intensive, voxelization provides greater accuracy by enabling 

differentiation between canopy, branches, and empty space. Lastly was the tessellation map that 

displays an assortment of hexagons across UBC. Using a hex pattern, each at 400 meters squared, this 

output allows for values between canopy cover and volume to be read clearly. As our final deliverable, 

and in hope of future work on our research, we want to clarify that all indicators in our indicator table, 

alongside canopy cover and canopy volume, could fit into a tessellation-based model for assisting with 

all applied biodiversity decision-making on campus. 

 
Discussion 

 
Our results show that canopy volume adds information that canopy cover alone cannot provide. Two 

sites with similar canopy cover differed substantially in canopy volume, which suggests that canopy cover 

can hide important structural differences in the urban forest. The temporal comparison also showed that 

canopy volume can track vertical canopy development over time. Together, these findings support 

canopy volume as a useful complement to canopy cover for evaluating ecological function and long-term 

canopy change at UBC. 

This approach also has several limitations. It relied on mismatched data years, used City of Vancouver 

LiDAR in place of a cleaned UBC dataset, assumed a 2 m average livebase threshold, and depended on 

the accuracy of both canopy polygons and LiDAR classifications. CHM was practical, but voxelization 

showed that further refinement and field-based ground proofing are still needed. Future work should 

refine the tessellation boundary toward managed campus trees, adjust score weighting, and incorporate 

additional indicators such as vertical heterogeneity, tree health, species composition, and native 

abundance. 

 
Conclusion 

In conclusion, we hope we have left you with some appealing insights/approaches that might help the 

UBC Biodiversity Framework team protect and support the urban canopy. We think these indicators are 

closer aligned to the main narrative in the document, to support biodiversity for the purpose of 

promoting climate resilience, UHI mitigation, and ecological functionality. Hopefully, some of our 

indicators help the team advocate for the urban forest. 
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Executive Summary for Proof of Concept and Appendix 

 
Our group was tasked to find and test new indicators that would help support priority 3. Maintain 

Canopy Cover in the context of the UBC Biodiversity Framework, which supports Campus Vision 2050. 

Our first finding is that canopy cover is a good metric that has been used across institutions and 

industries, but lacks a standardized methodology. The lack of standardization introduced limitations on 

how we compare, track, and plan for canopy cover. We wanted to ensure that UBC follows the same 

methodologies going forward to ensure accurate results, patterns, and trends. 

Next, we came to understand that a 2D analysis of an urban forest has many limitations and misses key 

biodiversity and ecosystem service metrics. We tested various ways in which to derive canopy volume 

using previous studies. Discussions with the various people in the UBC community, including Emma 

Luker, Claire McPhee, Rachel Wiersma, Finn Koepf, Andrew Almas, Melissa McHale, and many more, 

slowly exposed the challenges we would face when pursuing the endeavour of calculating canopy 

volume. Our greatest challenge was that we could not find access to the clean, classified and usable UBC 

2021 LiDAR data, and had to resort to using the City of Vancouver 2022 data instead. 

Once it was agreed that we would use the CoV data instead, we tested out various ways to measure 

volume and landed on the Canopy Height Method (CHM), which would rasterize all tree canopies into 

1m2 tiles. This is a standard process in traditional forestry measurements. Each tile would be assigned a 

height corresponding to the highest LiDAR point within the tile. From there, we cleaned up the data by 

subtracting 2m as well as removing building heights from under canopies. 

We stress tested this method by comparing the difference between the CHM method of voxelization, 

which is a process that can account for spaces between branches. We found that there was a 13% 

difference, with CHM overrepresenting volume. We accepted this limitation as the CHM was much easier 

to perform and is integrated into ArcGIS. 

After discovering that canopy cover could hide important canopy metrics by testing two sites with similar 

canopy coverage but a difference in volume by 40%, we wanted to create a system in which volume 

could be tracked. We created a tessellation map that showed the volume scores of the UBC campus 

divided into 400m2. Once we created this indicator map, we discovered that more canopy metrics could 

be added to this scoring system, and we believe that is the future direction of our concept. 

● CHM is a simple and repeatable method for calculating canopy volume 

● Voxelization is more accurate but more difficult to integrate into ArcGIS 

● The campus can be divided into tiles with a scoring system based on volume and cover 

● The interactive indicator table should be incorporated into the canopy scoring system by 

integrating existing and new data 

● CHM needs ground proofing 

● The scoring system needs refinement and weighing 
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Appendix 1: Canopy volume indicator, proof of concepts, and project workflow 

 
Appendix 1.1: Data Sources 

UFOR 444: Green Network Planning 

This geodatabase includes tree points, tree canopy polygons, softscapes, hardscapes, and more derived 

from the 2021 UBC LiDAR scan. It was retrieved from UFOR444 class through professor Keunhyun Park. 

The data is used to extract the canopy layer from the Digital Surface Model (DSM) raster, aswell as view 

collected tree data. 

 
City of Vancouver LiDAR point cloud 2022 LiDAR / 2018 LiDAR 

181 total 1km x 1km tiles across Vancouver. Includes UBC campus, south to Marpole, east to 

Renfrew-Collingwood, north to Stanley Park. The purpose of its development is for land management, 

planning, hazard assessment, urban forestry, storm drainage, and watershed analysis. The scan covers 

134 square kilometres of land and been processed into 8 different classifications. Includes unclassified, 

bare earth and low grass, low vegetation below 2 meters, high vegetation above 2 meters, water, 

buildings, other, and noise. Projection of UTM Zone 10 (Central Meridian 123 West). 

 
Methods and precedence based on Zhang, W., He, Z., & Li, X. (2022). Voxel-based urban vegetation 

volume analysis with LiDAR point cloud. 

Precedence for using voxelization to determine and visualize urban vegetation volume with LiDAR point 

cloud at a Middle School campus in Hengyang City, Hunan Province, China. Established a voxel 

coordinate system, determining the extent of the point cloud using (Xmin, Ymin, Zmin). Used voxel sized 

1m x 1m x 1m and assigned a voxel if >1 point exists in the space. Volume = voxel_count × voxel_size³ 

● This paper was uploaded to ChatGPT to help us replicate this study using a more accessible and 

ArcGIS-friendly method (Canopy Height Model Method), which is a standard process in 

traditional forestry measurements. 

 

 
Appendix 1.2: Data Preparation 

 
To begin the process of calculating and describing how canopy cover metrics differ from canopy volume 

metrics, we loaded the existing and available UBC tree data from the UFOR444 geodatabase. We 

ensured that the projection coordinate system was set to WGS 1984 UTM Zone 10N to ensure accuracy 

of the dataset and the entire process. 

We mainly worked with the UBC Trees Polygon layers derived from the 2021 LiDAR scan; we 

double-checked that it lined up with the basemap provided by ArcGIS. We believe that the canopy 

polygons have been orthoreferenced using 7.5cm x 7.5cm resolution from that same year. The accuracy 

of the canopy polygons is very important as it will be used to clean the LiDAR data, and will represent the 

area in which LiDAR points are included for the Canopy Height Model (CHM) method. The more accurate 

that the canopy cover polygons are, the more accurate the volume calculations will be. 

https://opendata.vancouver.ca/explore/dataset/lidar-2022/information/?location=12%2C49.24349%2C-123.12378&basemap=jawg.streets
https://opendata.vancouver.ca/explore/dataset/lidar-2018/information/
https://www.researchgate.net/publication/365943996_Voxel-based_Urban_Vegetation_Volume_Analysis_with_LiDAR_Point_Cloud
https://www.researchgate.net/publication/365943996_Voxel-based_Urban_Vegetation_Volume_Analysis_with_LiDAR_Point_Cloud
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Next, we downloaded 2022 LiDAR point cloud data from City of Vancouver open data, as we could not 

find anyone who had access to a cleaned and classified version of the UBC 2021 LiDAR data. 

The availability of this data removed the requirement to classify all LiDAR points, which is an advanced 

process in itself. The data is divided into 1km x 1km LAS tiles, we downloaded the tile “481000_5456000” 

as it held much of UBC campus proper, which would allow us to compare different sites. We only worked 

with high vegetation above 2 meters, buildings, and ground classes to calculate volume. 

To conclude the data retrieval phase, we did not have to go through in-depth data cleaning at this step. 

We simply retrieved the canopy cover polygons from 2021, and the LiDAR points from 2022. This step did 

expose our first limitations with this process, as we have mismatched years (2021 vs 2022), from 2 

different LiDAR sources (UBC vs CoV). For the 2021 UBC Lidar tree polygons, we can only assume that it 

has been accurately orthoreferenced. As for the 2022 CoV LiDAR data, we assume that the points have 

been classified accurately. 

 
 

 
Appendix 1.3 Study Sites 

 
To help reduce processing time as well as help illustrate our main ideas about cover metrics versus 

volume metrics, we limited the study sites to 6943m2. The size of the study site was arbitrary and served 

to create two sites with similar canopy cover, and simply bordered off a campus block. The 2 sites chosen 

for volume comparison were 1. Ponderosa Common (PC) and 2. School of Public Health (SPH) on UBC 

campus. 

Canopy cover was calculated by clipping the tree canopy polygons with the site boundaries and 

calculating geometry. We then divided canopy area by total site area, which resulted in canopy coverages 

of 59.33% and 61%, respectively. We used Google Street View in these areas to check if there would 

likely be a large difference in total canopy volume if it were to be measured. The hexagon tessellation 

canopy indicator map covered a larger area, equal to 1km2. 

 

 
Appendix 1.4: Canopy Height Model for volume 

 
The following step-by-step methodology explains how the data were processed and cleaned to derive 

canopy volume from both the Ponderosa Commons site and the School of Public Health site using 

ArcGIS. 

1. LiDAR Data Preparation 

 
LiDAR point cloud data (.las) were clipped to the study area using Extract LAS. A new LAS dataset (.lasd) 

was created from the original data; this limited all processing to the study sites. 
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2. Digital Surface Model (DSM) Generation 

A DSM that represents the highest surface elevations, which includes all classifications, except noise, was 

generated using the LAS Dataset to Raster tool. The cell size is set to 1m for simpler volume calculations. 

Parameters: 

○ Input for the tool: Full LAS Dataset 

○ Value field for the tool: Elevation 

○ Interpolation: Binning 

○ Cell assignment: Maximum 

○ Cell size: 1 meter 
 

 
3. Digital Surface Model (DTM) Generation 

Using the LAS filters that have been set by the CoV, located in the properties of the .lasd layer, everything 

but the ground layer is turned off. The same rasterization is applied to the ground layer, with one 

modification to the parameters, where Cell Assignment: Minimum. Which ensured the DTM represents 

the lowest points across the area. 

 
4. Canopy Height Model (CHM) Creations 

Using the DSM and the DTM rasters, a CHM can be created by using the raster calculator tool and 

inputting: “DSM” - “DTM” = CHM. Using these calculations, the rasters are no longer elevations but 

transformed into true heights. 

 
5. Removal of the vegetation layer below 2m 

We wanted to focus on canopy volume and exclude the trunk area, where it is usually empty space on 

deciduous trees. Since the CHM represents a continuous 1m cube that reaches the highest point in the 

raster, it includes all empty spaces from the ground to the highest point. Therefore, to increase accuracy 

on canopy volume, as well as honour the UBC 2m threshold for canopy cover inclusion, 2m was 

subtracted from the CHM. The raster calculator input was CHM_Above2m = Con(CHM > 2, CHM − 2, 0). 

Future directions for an appropriate cutoff could come from live-based data being collected by Professor 

Tahia Devisscher. Where the average livebase on campus can be calculated and made the standard 

removal height for CHM. 

 
6. Canopy Masking 

This step is where the accuracy of the canopy cover polygons is most important, as it will function as the 

known canopy extents from which volume calculations are derived. If canopy polygons are too large, 

buildings, lampposts, and other tall structures could be included. If canopy polygons are too small, they 

will miss canopy data points. Using Extract by Mask, input CHM_Above2m, extracted by clipping the 

canopy polygon layer. This results in a raster containing height values only for the areas defined by the 

canopy polygon layer. 
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7. Build Height Correction 

To correct for canopy values occurring above buildings, a building height raster was generated. First and 

LAS filter was applied to only include buildings, then the LAS dataset to raster tool was used again. Cell 

assignment: Maximum, and Void fill: None. 

Building heights were found using the raster calculator input: DSM_Buildings - DTM = Building_heights 

Finally, the building heights are subtracted from the CHM. Using the raster calculator input: 

CHM_Adjusted = Con(IsNull(Building_Height),CHM_CanopyOnly_Above2m, CHM_CanopyOnly_Above2m 

− Building_Height) 

 
8. Removal of Negative Values 

Subtraction of the buildings can produce negative values in the CHM raster, therefore to clean the data 

before final volume calculations. This Raster calculator input is used: CHM_Final = Con(CHM_Adjusted > 

0, CHM_Adjusted, 0). 

 
9. Canopy Volume Calculation 

Finally, canopy volume was calculated using the Zonal Statistics as Table tool: 

 
● Zone dataset: Site boundary 

● Zone field: OBJECTID 

● Value raster: CHM_Final 

● Statistic: SUM 

 
Each raster contributes height (m) x 1(m2) to provide total canopy volume (m3). This process was first 

performed at site 1. PC and then site 2. SPH, then volume statistics were compared, and a canopy-only 

LAS dataset was input into Local Scene, which allows 3D visualization of the LiDAR points on ArcGIS. 

 
 

 
Appendix 1.5 Accuracy testing CHM method with the Voxelization Method 

 
To test the accuracy of the CHM for volume calculations, we performed a version of the voxelization by 

Zhang et al. The voxelization method takes into account the spaces between the branches, and since only 

tree-points are included in the filtered LAS data, no data cleaning is required. 

 
1. A single tree was isolated within a boundary. 

2. The LAS filter was applied to include only canopy points. 

3. This tree-only point cloud was exported as a separate .las file 

4. The .las file was uploaded to an AI model to convert each point into (X,Y,X) coordinates placed 

on an Excel spreadsheet. 
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5. The Excel file with all coordinates was assigned a 1m x 1m x 1m voxel size and given 

parameters where a voxel is added if more than 1 point exists within it. Areas with no points 

did not register as a voxel. This was performed by voxel binning of XYZ coordinates. 

6. Volume is calculated by multiplying the number of occupied voxels by 1m3. 

7. The CHM model was performed on the same isolated tree and comparisons could be made. 

Future accuracy testing should include in-field ground proofing of canopy volume. 
 

 
Appendix 1.6 Final Deliverable: Hex Tessellation and Scoring Indicator 

 
1. Define Study Area 

A boundary around the entire LAS tile was created. 
 

 
2. Create a hexagonal tessellation 

Using the Generate Tessellation tool in ArcGIS, 400m2 hexagonal grid was generated across the study 

area which will help summarizing spatial patterns across a large landscape. 

 
 

 
3. Unique ID assignment to each hexagon 

Assigning a Unique ID to each hexagon will allow summarized values of cover percentage and canopy 

volume to be joined to the hexagon grid. 

 

 
4. CHM for volume 

The CHM method was performed once again over the entire landscape. 
 

 
5. Summarize indicator values 

For both volume and cover percentage, the values are summarized for each hexagon. The calculated 

geometry was used to find the percent cover for each hexagon. 

 

 
6. Join tables 

The canopy cover percentages and volume metrics were created on a separate layer; the “Join Summary 

tables” tool was used in collaboration with the Unique ID of each hexagon to assign appropriate scores 

to each hex. 
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7. Clean and standardize null values 

Hexagons with 0% canopy and 0 volume, such as water or buildings, produce a null score; these null 

scores are then replaced with 0. 

 

 
8. Normalize scores 

Both canopy cover and canopy volume were converted to a standardized score so that the metrics can 

be combined. These scores are then placed into a new field on the hexagon tessellation attribute table 

using a calculated field. 

 

 
9. Calculate final score 

A final field was created to combine the scores. The weighting for the scores was set to .50 for canopy 

cover and .50 for volume, but these weights can be adjusted in the future if volume is deemed to be 

more important. Final scores were created using a Bivariate approach, where both scores are based on 

both variables together. This resulted in scoring patterns of 1-1, 2-1, 2-2, 3-1, 3-2, 3-3. 

 

 
10. Symbolize 

Using final scores, the hexagonal tessellation map used gradual colours based on the combined scores. 

This created a landscape-sized visualization of where ecological conditions differ based on canopy cover 

and volume. 
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Appendix 1.7 Results, Discussion, and Figures 
 

 

 
Figure 1: List of indicators and process of selecting central indicator / proof of concept. 

Our concept clearly shows that similar canopy covers can result in large differences in canopy volume. 

Our analytic workflow included a literature review on how canopy volume relates to or represents 

various metrics of ecosystem services and biodiversity. There are a few ways to interpret these findings, 

such as where canopy cover maintenance should be prioritized based on ecological functioning. Volume 

does not accurately encapsulate all dimensions of canopy biodiversity services and provisions, but it is a 

better proxy for functioning than a 2D canopy cover, and a good place to start. 
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Figure 2. Volume for 1.PC and 2.SPH have been calculated to find a 40% difference in canopy volume. 

 

 
Figure 3. Temporal change of canopy volume from 2018 to 2022 finds 6% growth. 

 
The CHM model can be applied to analyze temporal changes, such as volume growth, which can help 

track the vertical development of the urban forest on the UBC campus. Tracking vertical growth can help 

inform management and maintenance decisions. It can also help capture progress we are making in 

urban forest growth that canopy cover alone would miss. 

 

 
Figure 4. CHM vs Voxelization finds a 13% difference between the methods. 

 
This stress test on our methods shows that CHM can be an acceptable and efficient way to derive volume 

metrics, but incorporating voxelization can be a strong future direction for great accuracy. However, it is 

difficult to integrate into ArcGIS. 
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Figure 5. Tessellation map using a bivariate scoring system for cover and volume. 

 
Our final deliverable is the hexagonal tessellation canopy indicator map. It allows us to visualize the 

ecological characteristics and differences in the canopy, organized in 400m2 blocks. The thought behind 

this medium is to gamify the management of our canopy by allowing us to track how each hexagon tile 

performs over the long term. 

Currently, only cover and volume are included in the bivariate weighing system; refinement, as well as 

more canopy metrics, is the next direction. One key limitation of this iteration is that all the scores are 

relative to the site boundary; the highest cover and volume will always be Pacific Spirit Park. A better 

boundary would make the score relative to campus trees only, where most management approaches will 

occur. Finally, combining new metrics such as vertical heterogeneity, tree health, species composition, 

native abundance, and more can refine the scoring system. Weighted scores can be used to provide 

more importance to canopy volume over vertical heterogeneity, or vice versa. The end product should 

assign a master score to all tiles that represent their biodiversity, ecosystem services, and ecological 

functioning. All these scores can be combined across the entire UBC campus, and future gains and losses 

can be tracked by observing changes in the total campus score. Possible trackers could be losses via 

construction. From this point, we can advance from tracking canopy cover % to a more in-depth and 

encapsulating rating system. 
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Tables 
 

Indicator Support for use Citation 

1)  Vertical 

Heterogeneity 

● Uses Lidar data to discern vertical structure complexity – Foliage height 

density (distribution of vegetation across vertical layers) 

● Greater vertical heterogeneity supports biodiversity (pollinator, wildlife 

habitat) 

● The lead author is employed by UBC. 

(Mitchell et al., 2016) 

2)  Native plant 

species 

● Aronson et al. explain that native species promote biodiversity by increasing 

the abundance and diversity of pollinators (2017). 

● Native species also have coevolved with soil microbes in traditional soils. 

Having native species increases the diversity and abundance of microbes 

(Prescott & Grayston, 2013; Li & Ostermann, 2015; Aronson et al., 2017; 

Wang et al., 2022). 

● Cindy Prescott, a former UBC faculty member, could be a valuable resource. 

● Great opportunity for reconciliation by prioritizing indigenous native species 

and including local First Nations. 

(Aronson et al., 2017) 

(Prescott & Grayston, 2013) 

(City of Melbourne, 2012) 

(City of Vancouver, 2025) 

(Prescott & Grayston, 2013;Li 

& Ostermann, 2015; Aronson 

et al., 2017;, Wang et al., 

2022) 
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3) Species Diversity ● Greater tree species diversity reduces vulnerability to disturbance and helps 

maintain ecosystem function (Tilman et al., 2006). 

● More diverse urban vegetation provides a wider range of habitats and 

resources, supporting pollinators and other wildlife (Aronson et al., 2017; 

Alvey, 2006). 

● City of Melbourne has a good target for diversification, see methods (C of 

M, 2012). 

● Lorien Nesbitt, UBC professor, works with species diversification and 

resilience to environmental stress, also social-ecological disparities of the 

urban forest. Multiple tree inventories (UFOR 220, Seeds). 

(Tilman et al., 2006) 

(Aronson et al., 2017) 

(Alvey, 2006) 

(City of Melbourne, 2012) 

4) Canopy Loss via 

Development 

● Authors Nowak and Greenfield studied multiple US cities and concluded 

that urban canopy loss was largely due to urban development. They went 

on to describe how this negatively impacted the overall urban forest 

resource (Ecosystem services) (2012). 

● The city of Vancouver acknowledges the loss of canopy due to urban 

development in its urban forest strategy and has tracked the loss (City of 

Vancouver, 2025). 

● UBC has on-campus assets that could help track canopy loss. Nicholas 

Coops, an expert in geomatics, could potentially track canopy loss or 

incorporate it into a course involving the student body. Furthermore, he 

may be able to help track other variables of the urban canopy (e.g., vertical 

heterogeneity and volume). 

(Nowak & Greenfield, 2012) 

(City of Vancouver, 2025) 

5) Tree Health ● Reflects the condition of the urban forest (District of Oak Bay, 2025). 

● Monitoring tree health helps identify decline, pest or disease issues, and 

maintenance needs (City of Vancouver, 2025). 

● Tree health monitoring can help guide management and prevent 

larger-scale tree loss (District of Oak Bay, 2025). 

(District of Oak Bay, 2025) 

(City of Vancouver, 2025) 

（District of Saanich, 2024) 
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 ● Kali Alcorn is a UBC sessional lecturer. Kali is a certified arborist and 

competent with tree health assessment. Kali and her class could be a 

resourceful tool for this indicator. 

 

Table 1: Interactive Indicator Table for future directions 

Methods 

1)  Step 1: Create different classifications for Lidar points that bounce back (0-1m, 1-5m, 5-10m, etc.) Step 2: Calculate the proportion of 

returns in each bin. Step 3: Calculate foliage height diversity using the Shannon diversity equation. The Shannon Diversity Index measures 

how evenly vegetation is distributed across different canopy height layers. Instead of counting species like it normally does in ecology, it can 

be applied to vegetation height classes to measure vertical heterogeneity. 

2)  Step 1: Employ tree inventory. Step 2: Identify species (examine inventories) and classify as native or exotic in the context of UBC. Step 3: 

Calculate the native representation of trees. Step 4: While direct targets in the literature were hard to come by, the city of Vancouver 

prioritizes plantings of native species for the reasons specified in the table. By 2050, they hope to have increased the proportion of native 

species to 18–22%. Step 4: Adaptively manage urban forest. 

3)  Step 1: employ tree inventory data. Step 2: Identify and catalog species (examine inventory). Step 3: Set a target for species diversity. City of 

Melbourne: 5%> single species, 10%> Single Genus, 20%> Single Family. Step 4: Adaptively manage tree species. 

4）Step 1: Obtain canopy data from two time periods and a land use or development layer for the same area. Step 2: Classify tree canopy in each 

time period using LiDAR or imagery. Step 3: Calculate canopy area in both years and map where canopy has been removed. Step 4: Overlay 

canopy loss areas with development footprints or impervious surface expansion. Step 5: Identify where canopy loss overlaps with new 

development. Step 6: Calculate the proportion of total canopy loss associated with development. 

5) Step 1: Use tree inventory data and/or field inspections to identify sampled trees. Step 2: Assess tree health using condition or dieback 

classes. Step 3: group trees into health categories and calculate the proportion of trees in each class. Step 4: Use the results to guide future 

monitoring and maintenance. Reference approach: City of Vancouver; District of Oak Bay. 


