TREE CANOPY ANALYSIS

Ben Marshall



ABOUT THE METHODOLOGY

* This methodology is a pixel-based tree top and tree canopy analysis conducted
through QGIS 3.40

- All data and software used in this methodology is open-source and free to
download




1: DOWNLOAD CLASSIFIED LAS

Galleries~ By the Numbers~

Download Options

2024 LIDAR - Classified LAS

O

LAS Point Cloud (1 of 4) Raster
Download

Access [

b

LAS Point Cloud (2 of 4) Raster
Download

|

Access [

O

LAS Point Cloud (3 of 4) Raster
Download

Access [

O

LAS Point Cloud (4 of 4) Raster
Download

I

Access [

Data Category~  Customize Open DataDC~  Data Governance~  Other Data Catalogs~

2024 LiDAR - Classified LAS

2024 Classified z= DCGISGroup

o " City of Washington, DC
Las 23

== District of Columbia

% .
octo.dc.gov

LiDAR point cloud data acquisition was flown in a single lift on March 1st, 2024. This data is used
for the planning and 1ent of W 1, D.C. by local government agencies.

These lidar data are processed classified LAS 1.4 files at USGS QL1 covering the District of
Columbia. Some areas have limited data. The lidar dataset redaction was conducted under the
guidance of the United States Secret Service. All data returns were removed from the dataset
within the United States Secret Service redaction boundary except for classified ground points
and classified water points.

Elevation Basemaps Sensor

L@l Looking for something else? See other datasets nearby

Details

Imagery Dataset
Image Service

As Needed
Info Updated: October 31, 2024

Not Planned
Data Updated: October 22, 2024

August 22, 2024
Published Date

Public
Anyone can see this content

€C0 1.0 License
View license details

Relevant Area




2: CREATE VIRTUAL POINT CLOUD

* In Processing Toolbox, go to Point Cloud Conversion -> Build virtual point cloud
(VPC)

* Insert LAS files and turn on the following options:

" Build virtual point cloud (VPC)

C:/Users{tun93488/OneDrive - Temple University/8th Semester/Hola Cultura/vpc/2024 LiDAR/vpc2024.las

V! Open output file after running algorithm




3: FILTER POINT CLOUD

@ Point Cloud Extraction - Filter

Parameters Lnnr
Input layer

C:[Users/tun93488/0neDrive - Temple University/8th Semester/Hola Culturafvpc/2024 LIDAR/vpc2024.vpc
Filter expression

(Classification = 3) OR (Classification = 4) OR (Classification = 5)
Cropping extent [optional]
|Not set
Filtered

C:/Userstun33465/OneDrive - Temple University/Sth Semester/Hola Cultura/vacfitr/vpc2024.fitrfvpc2024.fitr.voc
v Open output file after running algorithm

Advanced ~ | | Run as Batch Process... |

Filter
This algorithm extracts point from the input point

dloud which match PDAL expression and/or are
inside of a cropping rectangle.

Cancel

Help

In Processing Toolbox, go to
Point Cloud Extraction ->
Filter

Select virtual point cloud layer
as input

Create filter expression to filter

point cloud by vegetation

classification

- (Classification =3) OR
(Classification = 4) OR
(Classification = 5)

Set output layer as .vpc




4: EXPORT TO RASTER

* In Processing Toolbox, go to
remtes [FF " Export to raster Point Cloud Conversion ->

Input layer This algorithm ex; point doud data to a 2D
5 raster gnid having cell size of given resolution, E t t t
% vpc2024_fitr [EPSG:26985] i wiriting values from the specified attribute. Xpor O raster
Attribute

iz

P —— | - Select filtered point cloud as
1.000000 i n p Ut

Tile size for parallel runs
1000

Tm——— 7 * Result of this processisa DSM
' raster of just vegetation

émpping extent [optional]

Not set

X origin of a tile for parallel runs [optional]
Not set

Y origin of a tile for parallel runs [optional]
Mot set

Exported
C:/Users{tun93488/OneDrive - Temple University/8th Semester/Hola Cultura/vpc_fltr/vpc2024_fitr/vpc2024_fitr. tif
V| Open output file after running algorithm

Advanced ~ | | Run as Batch Process..




5: DOWNLOAD WASHINGTON, DC
BOUNDARY SHP

0 Galleries~ By the Numbers - Foundational Data~ Data Category ~ Customize Open Data DC ~ Data Governance~ Other Data Catalogs~ Help~
. (8

Download Options

Washington DC Boundary

Records: 1

o) csv

Download

Shapefile

| m

Download

GeoJSON

L

Download

Download

[}
i Open Data DC
ashington DC A City of Washington, DC

Boundary =IK(0)

== District of Columbia
B

e ——
planning.dc.gov m

Summary

This data is used for the planning and management of Washington, D.C. by local government
agencies.

District of Columbia boundary. The dataset is a polygon representing the District of Columbia
boundary, created as part of the DC Geographic Information System (DC GIS) for the D.C. Office
of the Chief Technology Officer (OCTO) and participating D.C. government agencies. The
boundary was identified from public records and heads-up digitized using a combination of the
1995 orthophotographs, planimetric roads features, and the USGS digital raster graphic quad
sheets, and 1999 planimetrics for the Potomac River boundary.Also see the District's Boundary
Stone markers.

[ﬂ Looking for something else? See other datasets nearby

Details

S|

Dataset
Feature Layer

As Needed
Info Updated: September 5, 2024

As Needed
Data Updated: September 5, 2024

July 4,2013
Published Date

Records: 1
View data table

Public
Anyone can see this content

CC BY 4.0 License
Vi icen il




6: CLIP RASTERTO
MASK LAYER

* On the top bar, go to Raster
-> Extraction -> Clip Raster
by Mask Layer

- Select filtered raster as input
and Washington, DC
boundary as mask

- Set Target CRS to one

appropriate for DC, such as
EPSG: 26985

- Check Keep resolution of
input raster

Q Raster Extraction - Clip Raster by Mask Layer

Parameters Log

Input layer
B vpc2024._fitr [
Mask layer
(- Washington_DC_Boundary_iarped [EPSG:26985]
Selected features only
Source CRS [optional]

Target CRS [optional]
Project CRS: EPSG:26985 - NADS3 / Maryland
Target extent [optional]
MNot set
Assign a specified NoData value to output bands [optional]
Not set
Create an output alpha band
| Match the extent of the clipped raster to the extent of the mask layer
¥ Keep resolution of input raster
Set output file resolution
X Resolution to output bands [optional]
Mot set

Y Resolution to output bands [optional]
Not set
w Advanced Parameters
Use multithreaded warping implementation
Additional creation options [optional]
Profile

Name Value

M [ S PSS PO I I PO —

Advanced ~ | | Run as Batch Process..




7: DOWNLOAD DSM AND NORMALIZED
DSM (NDSM) FROM OPENDATA DC

load (.zip)

McLean

Bethesda Takoma
s
New
Carrollte

Landover

DISTRICY QK
L COLUMBIA

Arlington

Walker Mill

DISTRICT OF
COLUMBIA



8: CALCULATEDTM

- |n Raster Calculator enter the
following formula and save the
output

- DSM - nDSM




In Raster Calculator, calculate Raw CHM
as "ful_dsm@1" - "dtm@21"

Create Vegetation mask through the
formula "vegetation_dsm@1" > o

Calculate vegetation CHM =
"CHM_raw@1" * ("veg_mask@1" > o)

The apply threshold "CHM_veg@a" *
("CHM_veg@1" >=3)

9: CALCULATE
CHM
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®

9 Closest matches were 2024 and 2021




11:
DETERMINE
LOCAL
MAXIMA:

- Part 1: Create Smooth CHM

* In Processing Toolbox, go to SAGA Next Gen ->
Gaussian Filter

- Set Kernel Radius to 3

- Part 2: Create Local Maxima Points

* In Processing Toolbox, go to SAGA Next Gen -> Local
Minima/Maxima

* Input smooth CHM
- Save maxima output

» Part 3: Disjoint Local Maxima from Buildings

* In Processing Toolbox, go to Vector Selection ->
Extract by Location

* Input Local Maxima and select to disjoint from
buildings layer

- Create spatial index for input first in settings ->
source




12: FIXINVALID
GEOMETRIES (IF

APPLICABLE)

* When performing the disjoint, you might get an

error that some of the buildings have invalid
geometries

- InVector Geometry, find Check Vector
* Input buildings raster

* Running this will produce separate layers for valid

and invalid geometries and error points. The points
represent exact spots of invalidity

- Manually fix invalid geometries by removing

unnecessary points from polygons



13: CALCULATE TREE CANOPY VIAPYTHON

* In your environment, install rasterio
by running the following:
- conda install -c conda-forge rasterio

* Run the following code in your script

editor:

import rasterio
import numpy as np
import os

os.chdir('C:/Users/tung3488/OneDrive - Temple University/8th
Semester/Hola Cultura/CHM')

# List of CHM files
chm_files = [

"C:/Users/tung3488/OneDrive - Temple University/8th
Semester/Hola Cultura/CHM/CHM2020/CHM2020_3m.tif",
"C:/Users/tung3488/OneDrive - Temple University/8th
Semester/Hola Cultura/CHM/CHM2024/CHM2024_3m.tif"]

# Canopy height threshold (meters)
threshold =3.0

for chm_path in chm_files:
with rasterio.open(chm_path) as src:
chm = src.read(a)
profile = src.profile
pixel_area = abs(src.transform[o] * src.transform[4]) # pixel
size in m2

# Create binary canopy mask
canopy_mask = chm > threshold

# Count canopy pixels
canopy_pixels = np.sum(canopy_mask)

# Total canopy area
canopy_area_m2 = canopy_pixels * pixel_area

print(f*{chm_path}:")
print(f* Total canopy area: {canopy_area_m2:.2f} m2")




RESULTS

2020 2024 Difference % Diff.
Individual Tree 926,880 1,345,997 +419,117 +31.1%
Count
Tree Canopy 76,002,424 m? 61,909,645 m? -14,092,779 -18.5%
Area

Comparison to
DC's Area

42.9%

35.0%




