g
ArborCa

b o n Creating Sustainable Ecosystems

r

-

N

-

L

24

Cora ¥
2 1&! ¥y

TEL

oy

~

Western Suburbs Regiormalganisatiorof Councils

Report N0J20462

27" July 2020



Company Name: ArborCarbon Pty Ltd
ACN: 145 766 472
ABN: 62 145 766 472
Address: ity Farm Place, East Perth WA 6004
Phone Number: +61 8 9467 9876
Name and Position of Authorised Signatory: Dr Paul BarbarjagingDirector
Contact Phone Number: +61 419 216 229

Website:www.arborcarbon.can.au

DOCUMENT QUALITY ASSURANCE

Briony Williams Dr Paul Barber

Approved & Released by Position Approval Signature

Dr Paul Barber ManagingDirector = —

REVISION SCHEDULE

Revision Report Description Submission Date  Author(s)

A WESROC Urban Forest Canopy Cov 16/07/2020 Briony Williams
Monitoring 2020

0 WESROC Urban Forest Canopy Cov 27/07/2020 Briony Williams

Monitoring 2020

DISCLAIMER

ArborCarbonPty Ltd has prepared this document using data and information supplied W&®RO@nd other individuals and
organisations, who have been referred to in this document.

This document is confidential and intended to be read in its entirety, and sectipagt® of the document should therefore not be
read and relied on out of context. The sole use of this documentWES8R OGNy for which it was prepared.

While the information contained in this report has been formulated with due care, the author(s) and ArborCarbon Ptyndd take
responsibility for any person acting or relying on the information contained in this report, and disclaim any liability €oog
omission, loss or other consequence which may arise from any person acting or relying on anything contained in thisiseport. T
report is the property of ArborCarbon Pty Ltd and should not be altered or reproduced without the written perm&sdionCdrbon

Pty Ltd.

Any conclusion and/or recommendation contained in this document reflect the professional opinion of ArborCarbon Ptyhetd and t
author(s) using the data and information supplied. ArborCarbon Pty Ltd has used reasonable care aridnaiofiedgement in its
interpretation and analysis of data in accordance with the contracted Scope of Works.

Vo
ArborCarbon Page |2


http://www.arborcarbon.com.au/

ArborCarbon Report: Urban Forest Canopy Cover Measurement 202ESROC

Executive Summary

The Western Suburbs Regioiganisatiorof Councils (WESROC) is comprised of seven local governments
(LGAs) who collaborativelyork on projects across shared boundaries. WESROC is comprised of the Towns
of Cambridge, Claremont, Cottesloe and Mosman Park, the Shire of Peppermint Grove, and the Cities of
Nedlands and Subiaco. Many of these LGAs have urban forest strategies amnek poliplace, and it is
necessary to measure and monitor canopy cover and condition over time, in order to evaluate the
effectiveness oturrent policies.

¢KS LIzN1}2asS 2F (GKA& LINR2SOG A& (2 ARSYy(AM&overkKS SE
as well as to provide associated data and heat island mapping. The information produced will:

w Benchmark tree canopy cover, and assist the development of vegetation KPIs to guide management
policy

w Identify areas and streetscapes with below averageels of tree canopy for more targeted tree
planting and replacement program

w Monitor the success of streetscape tree planting and revegetation efforts

w !aS KAIK NBazfdziaAzy GKSNXIf AYF3ISNE (2 ARSY(A
priority tree planting

Highresolution airborne multispectral imagery was acquirect 8,000 ft above ground level over the
boundary withcloudless conditionsetween 10:30 and 15:45 on March®1,(2020. Imagery was acquired

for this project with the ArborCarsystem with a ground sample distance (GSD) ranging from 8 cm/pixel to
24 cm/pixel dependent on the spectral band. Imagery was comprised of three broad bands in the visible (VIS)
region of the electromagnetic spectrum, and an additional seven narrow bdrategically positioned in

the VIS and near infreed (NIR) regions to detect subtle variations and changes in vegetation condition. The
thermal imagery was acquired with a GSD of 100 cm/pixel.

The main findings of this report are:

1 At the time of acquisibn, on the 16 March 2020, WESROC had a total of 2371.4 ha of vegetation,
covering 38.5% of the total area.

1 Canopy (vegetation >3m in height) covered 18.3% of the total area, corresponding to 1128.7 ha.
1 The majority of canopy fell into the BOm heightstratum.

1 Peppermint Grove had the greatest canopy cover as a proportion of total LGA area (22.4%), followed
by Claremont (20.1%) and Subiaco (19.9%). Cottesloe had the lowest (14%) followed by Mosman
Park (15.8%).

1 The City of Nedlands had a total of /8ha of vegetation across all strata, covering 39.9% of the
| AGéeQa G20l f FNBF® /Fy2L® YIRS dzJ my dpz 2F (GKS

1 Of the City of Nedlands, Karrakatta had the highest canopy cover (26.1%) and Claremont and
Swanbourne had the lowest (11.6 antl. 7% respectively).
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T ¢KS /Alie 2F {dzoAl 02 KIFIR | 2G4+t 2F mdbndo KI 27
G2Grt FNBF® /Fy2L® YIRS dzJ mped: 2F GKS / AGe Qs

9 Of the City of Subiaco, the South Ward had the highest canopy @4&e4) and the East Ward had
the lowest (17.5%). Parks & Reserves had the highest canopy cover of all land use categories (34.7%),
while Commercial & Municipal had the lowest (7.7%).

1 The Town of Cambridge had a total of 857.5 ha of vegetation acrosstl| sovering 41.1% of the
¢2gya G201t FNBF® /Fy2L® YIRS dzLJ mpoms 2F GKS

1 Of the Town of Cambridge, Wembley Downs had the highest canopy cover (35.7%) followed by
Floreat (22.7%). Jolimont had the lowest (13%) followed by Wembley)3Wembley Golf Course
(36.8%) and Bold Park (26%) had the highest canopy cover of land use categories, while Mitchell
Freeway (9.9%) and Water Corporation (13.4%) had the lowest. Town of Cambridge Managed
Coastal Vegetation (0.7%) had the lowest canopyec of all the natural areas in the Town of
Cambridge.

1 The Town of Cottesloe had a total of 127 ha of vegetation across all strata, covering 32.3% of the
¢t2gya G20FFf FNBF® /Fy2Lk® YIRS dz2lJ mm: 2F (KS ¢2

1 Ofthe Town of Cottesloe, the East Wdrad the highest canopy cover (18.2%) while the South Ward
had the lowest (11.2%).

Based on the findings of this analysis, we recommend Airborne multispectral vegetation surveys over the
WESROC group of Councils should be conducted on an annual oiqeaisid to track changes in vegetation
cover and condition over time and the data used to monitor and set achievable targets for future canopy
cover and condition.
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1 Introduction

The Western Suburbs Regioaiganisatiorof Councils (WESROC) is comprised of seven local governments
(LGAs) who collaboratively work on projects across shared boundaries. WESROC is comprised of the Towns
of Cambridge Claremont, Cottesloe and Mosman Park, the Shire of Peppermint Gaadehe Cities of
Nedlands and Subiaco. Many of these LGAs have urban forest strategies and policies in place, and it is
necessary to measure and monitor canopy cover and condition over timerder to evaluate the
effectiveness of current policies.

ArborCarbonhas recently developed a unique-band airborne multispectral and thermal camera system
(ArborCam) optimized for the accurate detection of vegetation and subtle changes in vegetation condition.
ArborCarbon was engaged by WESROC to acquire high resoiluidgery for the measurement of
vegetation covernd condition, and land surface temperatureacross theareausing this camera system.

¢KS LIzN1J2 &S 2F G(GKA& LINR2SOG Aa G2 ARSyidATe (GKS SE
as well asd provide associated data and heat island mapping. The information produced will:

w Benchmark tree canopy cover, and assist the development of vegetation KPls to guide management
policy

w Identify areas and streetscapes with below average levels of tree cdoopyore targeted tree
planting and replacement program

w Monitor the success of streetscape tree planting and revegetation efforts

w!asS KAIK NBazfdziaAzy GKSNXYIFf AYF3ISNE (2 ARSYGA
priority tree planting
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2 Methods

2.1 Acquisition of highresolution airborne imagery

Highresolution airborne multispectral imagery was acquireét 8,000 ft above ground level over the
boundarywith cloudless conditionbetween 1:30 and15:45 on March 1®, 2020. Imagery was acquired

for this project with the ArborCam system with a ground sample distance (GSD) rangir§jdnaipixel to
24cm/pixel dependent on the spectral band. Imagery was comprised of three broad bands in the visible (VIS)
region of the electromagnetic spectrum, éuan additional seven narrow bands strategically positioned in
the VIS and near infreed (NIR) regions to detect subtle variations and changes in vegetation conditien.
thermal imagery was acquired with a GSD @ &m/pixel. The maximum temperaturecerded on the 0"

March atSvanbourne(BoM reference009215 was 3.7°C (bom.gov.au).

2.2 Data processing and analysis

The highresolution airborne imagery datasets were geometrically corrected and orthorectified using
IND2NJ I ND2yQa HwHamT FAND2NYS RIGIFaSGao ! S5AIAGL T
imagery for the full extent of the Council and aligned to the publiclyl@vai Geoscience Australia LIDAR
RSNAGSR pY 5A3FAGEHE ¢SNNXYAYy az2RSf 65¢a0 FyR ! Nb2NJ
into seven predetermined height categories as followsirf, 0-3m, 3-10m, 1615m and >15m.Any
vegetation greater tha®m in height classified as tree canopy.

The cealigned thermal imagery was radiometrically corrected and converted to surface temperature in
degrees Celsius by applying a standard emissivity correati®rd5 across thecene.

Bands across the VMR wee used to detect all living vegetation in sun and shadow. Vegetation that was
not photosynthesizing at the time of acquisition, such as dead wood in tree crowns and dead grass, was not
classified as vegetation. Condition statistics were calculated ukimg/egetation Condition Index (VCI),
which is defined as the ratio of NIR to red reflectance.

Heightstratified vegetation cover statistics were calculafed each LGA, and further categories based on
suburb, land use or vegetation type, as determinedhs/LGA.
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3 Resultsand Discussion

3.1 Datasets

The acquired data was processed to produce a -héglotion RGB imageryF{gure 1), False Colour
Composite (FC@nagery Figure2), a heightstratified vegetation cover datasefFigure3), land surface
temperature (C) Figured) and Vegetation Condition Indekigure5) across WESROC.

2 km '_/\
e E— 4
//N

Figurel: Highresolution RGB imagery of WESROC.
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Figure2: False colour composite of WESROC showing vegetation (red pixels).

The FCC datasetigure2) was derived from a-Band subset of the multispectral imagery (NIR, red and
green). FCC imagery is commonly used in remote sensing to illustrate vegetation cover, which is displayed as
red pixels.

7N
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Figure3: Heightstratified vegetation dataset derived with each strata displayed in a different colour

The heightstratified vegetation cover dataseFigure3) consists of specific height strata as follows: light
blue (turf), blue (8m), light green (20m), medium green (1A5m) and dark green (>15nihis colour
scheme is used in all illustrations of the heiglratified dataset in this report.

7N
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Figure4: Radiometrically corrected thermal ortmomsaidand surface temperature of WESROC ranging froi@(®@ue) to 40C(red).
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Figure5: Vegetation Condition Index (VCI) across WESROgng from low (red) to high (purple).

7N
ArborCarbon




ArborCarbon Report: Urban Forest Canopy Cover Measurement 202ESROC

MNeon-vegetation fuf ™ 0-3m
3-10m ®& 10-15m W >1bm
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Figure6: Closeup image of each of the datasets generated for WESROC: Ajddattion RGB imagery; BCGhowing vegetation
in red; C) Heighstratified vegetation cover, with each stratum displayed as a different cdjugndsurface temperatureranging
from low (20C;blue) to high(40°Cred), and E) VCI showing vegetation condition, ranging from love@;to high (8; purple).

3.2 Analysis of vegetation cover

Height-stratified vegetation cover was calculated for all of WESROC, and for each of the LGAs that it
comprises. Additional internal boundaries were provided for the Town of Cambridge, City of Subiaco, City of
Nedlands, and the Town of Cotteslogegetationcover and canopy statistics were calculated on these
additional boundaries.

3.2.1 WESROC
WESROC is comprised of seven LE@arg7) covering an area d6164.9 ha.

SUBIACO,

CLAREMONT]

N COTTESLOE:
PEPPERMINT{GROVE

Figure7: WESROC and LGA boundaries.
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A total of 2371.4 ha of vegetation across all strata covered 38.5% of WESROCSs total area, with the remaining
66.1% categorised awn-vegetation, such as buildings, roads, exposed soil and dead grass at the time of
acquisition(Figure8 A). Nearly two thirds of the vegetatiomere classified in the 8m (30.2%) or the-30m

(29.4%) height strata={gure8 B). Turf made up 22.2% of WESROCs vegetation, while vegetation in-the 10
15m height class contributed 9.8% and vegetation >15m in height contributed 8.4% to vegetation cover.

In total, canopycover (vegetation >3m in height) compriséd.6% of the vegetation iIWWESRO@r 1128.7
ha Thisis83: 2F (KS /AdGeQa G2a4lf | NBI o

Non-vegetation
turf

W 0-3m
3-10m

B 10-15m

B >15m

61.5%

8.55%

A B

Figure8: Land cover by strata (%) (A) and vegetation cover by strata (%) (B) of WESROC.

Canopy cover statistics were extracted for each LGA within WEERD(@9). Pgpermint Grove had the
highest canopyover as a proportion dhe total area (22.4%), followed by Claremont (20.1%) and Subiaco
(19.9%). Cottesloe had the lowest canopy cover (14%) followed by Mosman Park (15.8%).

Figure9 represents canopy cover as a proportiorL@Aarea for eac GAn the WESROC area a thematic
map, with increasing green intensity corresponding to increasing proportional canopy cover. Th
information also appears in graphical formHigurelO.
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Canopy Cover
14%

MOSMAN PARK
15.8%

o

1 2 km
e N

Figure9: Thematic map showing canopy cover as a percentage oflt@ahrea. The darker green indicates higher relative canopy
cover percentage.
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20

15

10

Canopy Cover (%)

0
PEPPERMINT GROVE CLAREMONT SUBIACO NEDLANDS CAMBRIDGE MOSMAN PARK  COTTESLOE
Suburb

FigurelQ: Canopy cover of each LGA in WESROC by percentage of total suburb area.

3.2.2 City of Nedlands

3.2.2.1 Councilwide

Heightstratified vegetation cover was calculated across the entire City of Nedlands. The City is 1961.96 ha
Ay arail So ! G2GFt 2F Tynodc KIF 2F @S3Sil {Figaref1A), ONR & &
with the remaining 60.1% categorised as nagetation. Most vegetation was either classified af0&nin

height (28.9%), Bm in height(28.2%) or turfZ5.4%)Figurell B). Vegetation in the 1A5m height strata
contributed 9.5% to vegetation cover, and vegetation >15m in height comprised 7.9%. In total, canopy cover
(vegetation >3m in heighfomprised 46.3% of the vegetation in the City, or 362.6 ha. This is 18.5% of the

/I AdGeQa G241t I NBI @

Non-vegetation
3-10m

MW 0-3m
turf

M 10-15m

M >15m

60.1%

A B

Figurell: Land cover by strata (%) (A) and vegetation cover by strata (%) (B) of The City of Nedlands.
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3.2.2.2 Suburbs
The City of Nedlands is comprised of eight subuFigufel?2).

&
] ;!
ti’.'.‘f FLOREAT;

T -

MOUNT; CLAREMONT;

SWANBOURNE

Figurel2: City of Nedlands suburb boundaries.

Canopy covestatistics were extracted for each suburbthe City of Nedlandé-igurel3). Karrakattahad
the highest canopy cover as a proportion of total suburb agalfs), followed byNedlands(21.4%) and
Dalkeith(21.3%).Claremonthad the lowest canopy cover{¥%) followel by Swanbourng11.7%6).

Figurel3represents canopy cover as a proportion of suburb area for each suburb in the City as a thematic
map, with increasing greerntensity corresponding to increasing proportional canopy cover. This
information also appears in graphical formHigurel4.
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19:9%

SHENTON PARK'

17.4%

MOUNT CLAREMONT
16.6%
KARRAKATTA!
SWANBOURNE
11.7%
CLAREMONT

NEDLANDS

217 4%]

DALKEITH

Canopy Cover

I 200 N

Figure1l3: Thematic map showing canopy cover as a percentage of total suburb area. The darker green indicates higher relative
canopy cover percentage.
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25

20

15

10

Canopy Cover (%)

Locality

Figureld: Canopy cover of each suburb in the Citiedlands by percentage of total suburb area.

3.2.3 City of Subiaco

3.2.3.1 Counciwide

Height-stratified vegetation cover was calculated across the entire City of Subiaco. TheSBitydida in

size. A total of 190.3 ha of vegetation across all strata covered 33P% ®KS / A& Qa G20l f
remaining 66.1% categorised as noggetation(Figurel5 A). Over a third (37.1%) of the vegetation was
classified in the 20m height stratumFigurel5B). The next largest stratum was the3én, which contained

I ljdzE NISNJ oHnoddz0 2F (GKS /AdeQa @S3aSilFiAz2yd ¢ dzNF
the 10-15m stratum madeup 12.8% and vegetation >15m in height made up 8.9%. In total, canopy cover
(vegetation >3m in height) compris&®.8% of the vegetation in the City, or 111.8 ha. This is 19.9% of the

/I AGeQa G20t | NBIF®
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Non-vegetation
3-10m

0-3m

turf

10-15m

>15m

66.1%

Figurel5: Land cover by strata (%) (A) and vegetation cover by strata (%) (B) of the City of Subiaco.

3.2.3.2 Wards
The City of Subiaco is divided into four war€ig(rel6).
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Central\Ward

Figurel6: City of Subiaco ward boundaries.

Canopy cover statistics were extracted for each ward in the City of Subigcwel7). The south ward had
the highest canopy cover as a proportion of total area (24.7%), followed by the central ward (21.7%), the
north ward (18.5%), and finally the east ward (17.5%).

Figurel7 represents canopy cover as a proportion of ward area for each ward in the City as a thematic map,
with increasing green intensity corresponding torgasing proportional canopy cover. This information also
appears in graphical form Figurel8.
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17.5%East Ward

North Ward18.5%

Central \Ward

0 0.5 1 km
e N

Figurel7: Thematic maghowing canopy cover as a percentage of total ward area. The darker green indicates higher relative canopy
cover percentage.

25

20

15

10

Canopy Cover (%)

South Ward Central Ward Morth Ward East Ward
Ward

Figurel8: Canopy cover of each ward in the City of Subiaco by percentage of total ward area.

3.2.3.3 Land uséaype

Canopy cover statistics were also calculated for each land use type within the City of Subiaco. The City has
four different land use categories: Commercial & Municipal, Parks & Reserves, Residential, and Roads & Road
ReservesKigurel9).
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Figurel9: Land use typéoundarieswithin the City of Subiaco.

The land use category with tlgreatest proportional canopy cover was PagkReserves (34.7%igure20).
Roads & Road Reserves had the second most proportional canopy cover (28%), followed by Residential
(14.3%). Commercial & Municipal had the least (7.7%).

Figure20 represents canopy cover as a proportion of land use area for each land use category in the City as
a thematic map, with increasing green intensity corresponding to increasing propdrtianapy coverThis
information also appears in graphical formHigure21.
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Figure20: Thematic map showing canopy cover gseecentage of land use area. The darker green indicates higher relative canopy
cover percentage.

35 Average canopy cover (19.92%)
30
< 25
St
o
= 20 - - - - - - - R - - - - - - - - sssssesseeeeeeas
o
]
g
8 15
c
1]
[ ]
10

Parks & Reserves Roads and road reserves Residential Commerical & Municipal

Land_Use

Figure21: Canopy cover of each land use type in the City of Subiaco by percentage of total land use type area.
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3.2.4 Town of Cambridge

3.2.4.1 Councilwide

Height-stratified vegetation cover was calculated across the entire Town of Cambridge. The Town of
Cambridge is 2086.7 ha in size. A tot8B®7.5 ha of vegetation across all strata covered 41.1% of the Towns
total area, with the remaining 58% categorised as neregetation Figure22 A). Nearly one third of the
vegetation was classified in the3n height stratumFigure22 B). The next largest stratum was thel8m,
GKAOK O2ylilIAYSR Hcodx: 2F (GKS ¢2¢yQa @SIASGLIGA2y®
vegetation in the 1@5m and >15m strat made up approximately 10% eadh. total, canopy cover
(vegetation >3m in height) comprised 47.3% of the vegetation in the Town, or 405.6 ha. This is 19.4% of the
tc26yQa G2aGFf F NBIF @

Non-vegetation
W 0-3m

3-10m

turf
M 10-15m
W >15m

58.9%

21.1%

Figure22: Land cover by strata (%) (A) and vegetation cover by strata (%) (B) of the Town of Cambridge.

3.2.4.2 Suburbs
The Town of Cambridge is comprised of seven subibsire23).
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Figure23: Town of Cambridge suburb boundaries.

Canopy cover statistics were extracted for each sulfigure24). Wembley Downs had the highest canopy
cover as a proportion of total suburb area (35.7%), followed by Floreat (22.7%) and City Beach (18.3%).
Jolimont had the lowest canopy cover (13%) foédviby Wembley (13.9%).

Figure24 represents canopy cover as a proportion of suburb area for each suburb in the City as a thematic
map, with increasing green tensity corresponding to increasing proportional canopy cover. This
information also appears in graphical formHigure25.
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Figure24: Thematic map showing canopy cover as a percentage of suburb area. The darker green indicates higher relative canopy
cover percentage.
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Figure25: Canopy cover of each suburb in the City of Subiaco by percentage of total suburb area.
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3.2.4.3 Land use type
Canopy cover statistics were also calculated for each land use type within the Town of Cambridge. The
different land use categoriesre illustrated inFigure26.

Figure26: Land use type boundaries within the Town of Cambridge.

The land use category with the greatest proportional canopy cover was Wembley Golf Couf$eRgyre
27), followed by Bold Park (26%8)0C Parks & Facilitiez4(9%) and Schools (19.8%fhe Mitchell Fwy had
the lowest canopy cover of 9.9%.

Figure27 represents canopy cover as a proportion of land use area for each land use categoryf awthe
as a thematic map, with increasing green intensity corresponding to increasing proportional canopy cover.
This information also appears in graphical fornfrigure28.

7N,
ArborCarbon Page |31




























































