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Andrew Plowright 

My name is Andrew Plowright, and I am a M.Sc. student at UBC’s Faculty of Forestry. I study the use of remote sensing 

in urban forestry, with a particular focus on light detection and ranging (LiDAR). I have made extensive use of Esri 

products in my current research, my previous studies, my professional experience and my volunteering work. In this 

application, I will present my background in GIS in further detail and describe the LiDAR analysis techniques that I 

have developed using ArcGIS software. 

BACKGROUND 

I have a very strong record of academic achievement. I graduated summa cum laude from the University of Ottawa with a 

degree in geomatics, a GPA of 9.5 and the highest standing in my program. I have been the recipient of awards and 

scholarships from the Canadian Wildlife Federation, the Canadian Council on Ecological Areas, Esri Canada, the 

University of Ottawa and the University of British Columbia. I was chosen as Esri’s 2014 Young Scholar for Canada, a 

recognition I received at its annual user conference in San Diego. I was the first student to ever receive this distinction as 

an undergraduate. 

I have committed myself to volunteering my GIS skills to a variety of environmental advocacy organizations. I have 

volunteered for Nature Canada, where I used geospatial analysis to identify parcels of private land for purchase within 

critical bird habitat in Atlantic Canada. I participated in a volunteer project for the University of Ottawa’s Institute of the 

Environment, where I georeferenced Canadian species range data in an effort to prioritize species at risk for 

conservation. Using ArcMap’s viewshed analysis tools, I identified visually sensitive areas in Gros Morne National Park 

for the Canadian Parks & Wilderness Society (CPAWS). Most recently, I have been volunteering for CPAWS’s British 

Columbia chapter, where I have been creating maps for a proposed national park in the South Okanagan-Similkameen 

region. 

My undergraduate thesis was on the use of remote sensing for locating biodiversity hotspots in Canada, a project for 

which I received an Esri award. I also have professional geomatics experience, having worked as a GIS specialist for the 

federal government’s Parliamentary Research and Information Service, where I collaborated with analysts to identify 

relevant geographic information for research purposes and produced visually appealing cartographic material for 

parliamentary reports. 

LIDAR IN URBAN FORESTRY 

In partnership with the city of Surrey, BC, my current research focuses on developing LiDAR applications for urban 

forestry. With the majority of global population growth occurring in cities, urban trees and green spaces represent a 

substantial portion of the world’s main contact with nature. While the aesthetic and psychological benefits provided by 

trees have long been cherished by city dwellers, the economic and environmental benefits of urban forests have only 

recently begun to be quantified. Many cities, including Toronto, New York and Los Angeles, have recently undertaken 

ambitious projects to expand their urban tree cover. However, not all of these projects meet with success. In my home 

town of Gatineau, Quebec, city authorities launched a project that planted 183,000 trees over a period of four years. 

Unfortunately, between 5 and 14% of these newly-planted trees survived. This demonstrates the importance of proper 

tree monitoring and maintenance programs, without which the benefits drawn from urban forests are severely limited. 

Airborne LiDAR presents an attractive alternative to performing costly field surveys of urban trees. LiDAR is an 

emerging remote sensing technology that is capable of acquiring high-precision three-dimensional measurements of 

terrain over broad spatial scales. Its capacity to penetrate vegetation in particular has drawn substantial interest from 

natural resource managers. While LiDAR has been operationalized in commercial forestry for years, its applications in 

urban forestry remain nascent. 
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High density airborne LiDAR data were acquired over Surrey in March, 2013. The coverage is comprehensive for the 

entire extent of the city, with a total of 7 billion points over 316.4 km2 of land. The objectives of this project were to use 

LiDAR data to assess urban tree condition, locate trees growing sub-optimally, map patterns of unhealthy trees within 

the city and identify local factors that may contribute to poor tree health. A prerequisite to these objectives, however, is 

obtaining the accurate location and spatial extent of individual trees from the raw LiDAR data. This allows metrics on an 

individual tree basis to be extracted and higher-level analysis to be performed. The methods presented in this application 

focus on these preliminary data processing techniques.  

EXTRACTING INDIVIDUAL TREES FROM LIDAR DATA (view next page for graphics) 

1. Canopy height model 

Previous studies have devised a wide variety of automated algorithms for detecting tree tops and delineating tree 

crowns. Before implementing these algorithms, the confounding effects of uneven relief underlying the trees must be 

corrected. A three-dimensional model of the terrain is produced, using the LiDAR points corresponding to the 

ground. This model is then subtracted from the remaining LiDAR points to “flatten out” the terrain. The product of 

this transformation is known as a canopy height model, where vertical canopy measurements correspond only to its 

height above ground. 

2. Tree top detection 

The local height maxima of a canopy height model often correspond to tree tops. These height maxima are filtered 

using an approach called the variably-sized moving focal window. A tree top is tagged when it is found to be the 

highest point within the window. The window changes size according to the height of the point on which it is 

centered, with a high point producing a large window and vice versa. This is based upon the relationship between tree 

height and crown width. 

3. Watershed segmentation 

Once the tree tops are located, their crowns are delineated using a process called watershed segmentation, an image 

processing technique originally developed to delineate drainage basins from topographical terrain models. Because of 

the morphological similarity between these models and a forest canopy, it has become a common method for 

delineating tree crowns. Conceptually, the process can be imagined as inverting a canopy height model, so that each 

tree crown resembles a basin, and filling the basins with water. As the water level rises, the basins will eventually begin 

to connect, and at those locations the boundaries between the tree crowns are drawn. 

4. Using GIS data to seed the extraction process 

Research on the use of the aforementioned algorithms has focused on natural or semi-natural forest structures. The 

composition of these forests is generally near-homogenous, containing a limited number of tree species and age 

classes. These conditions are not found in urban areas. Fortunately, the city of Surrey maintains a GIS database that 

contains the location, age and species of all trees managed by city authorities. Information from this GIS database can 

be leveraged to adapt tree top detection and tree crown delineation algorithms to the urban landscape and its wide 

variety of tree ages, shapes and species. Instead of applying the algorithms with a single set of parameters to the entire 

extent of the city, the process was “seeded” using the point locations of trees within the database. The algorithms 

were then calibrated according to the tree’s age and species to obtain an accurate delineation of the tree’s crown. 

Once individual trees have been outlined, additional metrics can be extracted from the raw LiDAR data, such as tree 

height, crown width and crown density, all of which can be used as indicators of tree condition. City-wide information 

on tree condition is critical for the effective coordination of urban forest maintenance, such as planning summer 

watering regimes and targeting sick trees for pruning or removal. As the applications of LiDAR in natural resource 

management continue to expand, this research will open new avenues for LiDAR into the field of urban forestry, and 

eventually allow municipal governments to take advantage of a technology that has already been operationalized for 

cost-effective tree monitoring in commercial forestry for years. 
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URBAN TREE EXTRACTION FROM RAW LIDAR 
DATA USING PYTHON SCRIPTING IN ARCGIS

These graphics illustrate an approach for extracting the locations and 
outlines of urban trees from a high-density LiDAR point cloud using 
image processing techniques and ancillary GIS data.
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WATERSHED SEGMENTATION

Canopy height model of 
two adjacent trees

Model is inverted so trees 
resemble basins

Basins are gradually �lled 
with water

Borders are drawn where  
basins connect
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A moving focal window 
scans the canopy 
height model.

Window size varies 
according to canopy 
height. This is based on 
the relationship 
between tree height 
and crown width.

Cells are tagged as tree 
tops if they have the 
highest value within 
the window.

TREE TOP DETECTION2

CANOPY HEIGHT MODEL1

Using LiDAR ground points, a three-dimensional model of the terrain is 
produced. This model is then subtracted from the remaining LiDAR 
points to “�atten out” the terrain.

RAW LiDAR POINTS

TERRAIN MODEL

CANOPY HEIGHT MODEL



All graphics are original and have been
produced in ArcScene or ArcMap

FINAL PRODUCTS

Raw LiDAR point cloud

Tree locations and outlines

Canopy height model

20 m

Location of tree as registered
within the city’s GIS database

Tree crown outline produced
by automated segmentation
algorithms

USING GIS DATA TO SEED THE PROCESSING ALGORITHMS4

Age and species of the tree are 
used to calibrate segmentation

Database entry is assigned to 
the best-matching segment

Tree tops are detecting using 
moving focal window

Location of a tree as registered 
within the city’s GIS databaseDatabase entry

for a single tree
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