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Executive Summary 

The Western Suburbs Regional Organisation of 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 Grove, and the 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 time, in order to evaluate the 

effectiveness of current policies. 

¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘ ƛǎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ²9{wh/Ωǎ ŜȄƛǎǘƛƴƎ ǘǊŜŜ ŎŀƴƻǇȅ ŀƴŘ ǾŜƎŜǘŀǘƛƻn cover 

as well as to provide associated data and heat island mapping. The information produced will: 

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

policy 

ω Identify areas and streetscapes with below average levels of tree canopy for more targeted tree 

planting and replacement program 

ω Monitor the success of streetscape tree planting and revegetation efforts 

ω ¦ǎŜ ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ ǘƘŜǊƳŀƭ ƛƳŀƎŜǊȅ ǘƻ ƛŘŜƴǘƛŦȅ Ψ¦Ǌōŀƴ IŜŀǘ LǎƭŀƴŘǎΩ ǿƘƛŎƘ Ƴŀȅ ōŜ ǘŀǊƎŜǘŜŘ ŦƻǊ 

priority tree planting 

High-resolution airborne multispectral imagery was acquired at 8,000 ft above ground level over the 

boundary with cloudless conditions between 10:30 and 15:45 on March 10th, 2020. Imagery was acquired 

for this project with the ArborCam system 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 bands strategically positioned in 

the VIS and near infra-red (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:  

¶ At the time of acquisition, on the 10th March 2020, WESROC had a total of 2371.4 ha of vegetation, 

covering 38.5% of the total area.  

¶ Canopy (vegetation >3m in height) covered 18.3% of the total area, corresponding to 1128.7 ha.  

¶ The majority of canopy fell into the 3-10m height stratum.  

¶ 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%).  

¶ The City of Nedlands had a total of 782.6 ha of vegetation across all strata, covering 39.9% of the 

/ƛǘȅΩǎ ǘƻǘŀƭ ŀǊŜŀΦ /ŀƴƻǇȅ ƳŀŘŜ ǳǇ муΦр҈ ƻŦ ǘƘŜ /ƛǘȅΩǎ ǘƻǘŀƭ ŀǊŜŀΦ  

¶ Of the City of Nedlands, Karrakatta had the highest canopy cover (26.1%) and Claremont and 

Swanbourne had the lowest (11.6 and 11.7% respectively).  
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¶ ¢ƘŜ /ƛǘȅ ƻŦ {ǳōƛŀŎƻ ƘŀŘ ŀ ǘƻǘŀƭ ƻŦ мфлΦо Ƙŀ ƻŦ ǾŜƎŜǘŀǘƛƻƴ ŀŎǊƻǎǎ ŀƭƭ ǎǘǊŀǘŀΣ ŎƻǾŜǊƛƴƎ ооΦф҈ ƻŦ ǘƘŜ /ƛǘȅΩǎ 

ǘƻǘŀƭ ŀǊŜŀΦ /ŀƴƻǇȅ ƳŀŘŜ ǳǇ мфΦф҈ ƻŦ ǘƘŜ /ƛǘȅΩǎ ǘƻǘŀƭ ŀǊŜŀΦ  

¶ Of the City of Subiaco, the South Ward had the highest canopy cover (24.7%) 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%).  

¶ The Town of Cambridge had a total of 857.5 ha of vegetation across all strata, covering 41.1% of the 

¢ƻǿƴǎ ǘƻǘŀƭ ŀǊŜŀΦ /ŀƴƻǇȅ ƳŀŘŜ ǳǇ мфΦп҈ ƻŦ ǘƘŜ ¢ƻǿƴΩǎ ǘƻǘŀƭ ŀǊŜŀΦ  

¶ 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 (13.9%). Wembley 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 canopy cover of all the natural areas in the Town of 

Cambridge. 

¶ The Town of Cottesloe had a total of 127 ha of vegetation across all strata, covering 32.3% of the 

¢ƻǿƴǎ ǘƻǘŀƭ ŀǊŜŀΦ /ŀƴƻǇȅ ƳŀŘŜ ǳǇ мп҈ ƻŦ ǘƘŜ ¢ƻǿƴΩǎ ǘƻǘŀƭ ŀǊŜŀΦ 

¶ Of the Town of Cottesloe, the East Ward had 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 or periodic basis 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 Regional Organisation of 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 Grove, and the 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 time, in order to evaluate the 

effectiveness of current policies. 

ArborCarbon has recently developed a unique 11-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 resolution imagery for the measurement of 

vegetation cover and condition, and land surface temperatures, across the area using this camera system. 

¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘ ƛǎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ²9{wh/Ωǎ ŜȄƛǎǘƛƴƎ ǘǊŜŜ ŎŀƴƻǇȅ ŀƴŘ ǾŜƎŜǘŀǘƛƻƴ ŎƻǾŜǊ 

as well as to provide associated data and heat island mapping. The information produced will: 

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

policy 

ω Identify areas and streetscapes with below average levels of tree canopy for more targeted tree 

planting and replacement program 

ω Monitor the success of streetscape tree planting and revegetation efforts 

ω ¦ǎŜ ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ ǘƘŜǊƳŀƭ ƛƳŀƎŜǊȅ ǘƻ ƛŘŜƴǘƛŦȅ Ψ¦Ǌōŀƴ IŜŀǘ LǎƭŀƴŘǎΩ ǿƘƛŎƘ Ƴŀȅ ōŜ ǘŀǊƎŜǘŜŘ ŦƻǊ 

priority tree planting 
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2 Methods 

2.1 Acquisition of high-resolution airborne imagery 
High-resolution airborne multispectral imagery was acquired at 8,000 ft above ground level over the 

boundary with cloudless conditions between 10:30 and 15:45 on March 10th, 2020. Imagery was acquired 

for this project with the ArborCam system 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 bands strategically positioned in 

the VIS and near infra-red (NIR) regions to detect subtle variations and changes in vegetation condition. The 

thermal imagery was acquired with a GSD of 100 cm/pixel. The maximum temperature recorded on the 10th 

March at Swanbourne (BoM reference: 009215) was 29.7°C (bom.gov.au).  

2.2 Data processing and analysis 
The high-resolution airborne imagery datasets were geometrically corrected and orthorectified using 

!ǊōƻǊ/ŀǊōƻƴΩǎ нлмт ŀƛǊōƻǊƴŜ ŘŀǘŀǎŜǘǎΦ ! 5ƛƎƛǘŀƭ {ǳǊŦŀŎŜ aƻŘŜƭ ό5{aύ ǿŀǎ ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ǘƘŜ ŀŎǉǳƛǊŜŘ 

imagery for the full extent of the Council and aligned to the publicly available Geoscience Australia LiDAR-

ŘŜǊƛǾŜŘ рƳ 5ƛƎƛǘŀƭ ¢ŜǊǊŀƛƴ aƻŘŜƭ ό5¢aύ ŀƴŘ !ǊōƻǊ/ŀǊōƻƴΩǎ ƻǿƴ ŎƭŀǎǎƛŦƛŜŘ 5¢aΦ ±ŜƎŜǘŀǘƛƻƴ ǿŀǎ ǎǘǊŀǘƛŦƛŜŘ 

into seven pre-determined height categories as follows: turf, 0-3m, 3-10m, 10-15m and >15m. Any 

vegetation greater than 3m in height classified as tree canopy.  

The co-aligned thermal imagery was radiometrically corrected and converted to surface temperature in 

degrees Celsius by applying a standard emissivity correction of 0.95 across the scene. 

Bands across the VIS-NIR were 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 using the Vegetation Condition Index (VCI), 

which is defined as the ratio of NIR to red reflectance.  

Height-stratified vegetation cover statistics were calculated for each LGA, and further categories based on 

suburb, land use or vegetation type, as determined by the LGA.  
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3 Results and Discussion 

3.1 Datasets 
The acquired data was processed to produce a high-resolution RGB imagery (Figure 1), False Colour 

Composite (FCC) imagery (Figure 2), a height-stratified vegetation cover dataset (Figure 3), land surface 

temperature (°C) (Figure 4)  and Vegetation Condition Index (Figure 5) across WESROC.  

 

Figure 1: High-resolution RGB imagery of WESROC. 
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Figure 2: False colour composite of WESROC showing vegetation (red pixels).  

The FCC dataset (Figure 2) was derived from a 3-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.  
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Figure 3: Height-stratified vegetation dataset derived with each strata displayed in a different colour. 

The height-stratified vegetation cover dataset (Figure 3) consists of specific height strata as follows: light 

blue (turf), blue (0-3m), light green (3-10m), medium green (10-15m) and dark green (>15m). This colour 

scheme is used in all illustrations of the height-stratified dataset in this report. 
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Figure 4: Radiometrically corrected thermal orthomosaic land surface temperature of WESROC ranging from 20°C (blue) to 40°C (red). 
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Figure 5: Vegetation Condition Index (VCI) across WESROC, ranging from low (red) to high (purple).  
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Figure 6: Close-up image of each of the datasets generated for WESROC: A) High-resolution RGB imagery; B)  FCC showing vegetation 
in red; C) Height-stratified vegetation cover, with each stratum displayed as a different colour; D) land surface temperature, ranging 
from low (20°C; blue) to high (40°C;red); and E) VCI showing vegetation condition, ranging from low (2; red) 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 Cottesloe. Vegetation cover and canopy statistics were calculated on these 

additional boundaries.  

3.2.1 WESROC 

WESROC is comprised of seven LGAs (Figure 7) covering an area of 6164.9 ha.  

 

Figure 7: WESROC and LGA boundaries.  
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A total of 2371.4 ha of vegetation across all strata covered 38.5% of WESROCs total area, with the remaining 

66.1% categorised as non-vegetation, such as buildings, roads, exposed soil and dead grass at the time of 

acquisition (Figure 8 A). Nearly two thirds of the vegetation were classified in the 0-3m (30.2%) or the 3-10m 

(29.4%) height strata (Figure 8 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, canopy cover (vegetation >3m in height) comprised 47.6% of the vegetation in WESROC, or 1128.7 

ha. This is 18.3҈ ƻŦ ǘƘŜ /ƛǘȅΩǎ ǘƻǘŀƭ ŀǊŜŀΦ  

 

  

Figure 8: Land cover by strata (%) (A) and vegetation cover by strata (%) (B) of WESROC.  

Canopy cover statistics were extracted for each LGA within WESROC (Figure 9). Peppermint Grove had the 

highest canopy cover as a proportion of the 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%).  

Figure 9 represents canopy cover as a proportion of LGA area for each LGA in the WESROC area as a thematic 

map, with increasing green intensity corresponding to increasing proportional canopy cover. This 

information also appears in graphical form in Figure 10. 

A B 
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Figure 9: Thematic map showing canopy cover as a percentage of total LGA area. The darker green indicates higher relative canopy 
cover percentage.  
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Figure 10: Canopy cover of each LGA in WESROC by percentage of total suburb area. 

 

3.2.2 City of Nedlands 

3.2.2.1 Council-wide 

Height-stratified vegetation cover was calculated across the entire City of Nedlands. The City is 1961.96 ha 

ƛƴ ǎƛȊŜΦ ! ǘƻǘŀƭ ƻŦ тунΦс Ƙŀ ƻŦ ǾŜƎŜǘŀǘƛƻƴ ŀŎǊƻǎǎ ŀƭƭ ǎǘǊŀǘŀ ŎƻǾŜǊŜŘ офΦф҈ ƻŦ ǘƘŜ /ƛǘȅΩǎ ǘƻǘŀƭ ŀǊŜŀ (Figure 11 A), 

with the remaining 60.1% categorised as non-vegetation. Most vegetation was either classified as 3-10m in 

height (28.9%), 0-3m in height (28.2%) or turf (25.4%) (Figure 11 B). Vegetation in the 10-15m height strata 

contributed 9.5% to vegetation cover, and vegetation >15m in height comprised 7.9%. In total, canopy cover 

(vegetation >3m in height) comprised 46.3% of the vegetation in the City, or 362.6 ha. This is 18.5% of the 

/ƛǘȅΩǎ ǘƻǘŀƭ ŀǊŜŀΦ  

  

Figure 11: Land cover by strata (%) (A) and vegetation cover by strata (%) (B) of The City of Nedlands.  

 

A B 
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3.2.2.2 Suburbs 

The City of Nedlands is comprised of eight suburbs (Figure 12).  

 

Figure 12: City of Nedlands suburb boundaries. 

Canopy cover statistics were extracted for each suburb of the City of Nedlands (Figure 13). Karrakatta had 

the highest canopy cover as a proportion of total suburb area (26.1%), followed by Nedlands (21.4%) and 

Dalkeith (21.3%). Claremont had the lowest canopy cover (11.6%) followed by Swanbourne (11.7%).  

Figure 13 represents canopy cover as a proportion of suburb area for each suburb in the City as a thematic 

map, with increasing green intensity corresponding to increasing proportional canopy cover. This 

information also appears in graphical form in Figure 14. 
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Figure 13: 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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Figure 14: Canopy cover of each suburb in the City of Nedlands by percentage of total suburb area. 

3.2.3 City of Subiaco 

3.2.3.1 Council-wide 

Height-stratified vegetation cover was calculated across the entire City of Subiaco. The City is 561.4 ha in 

size. A total of 190.3 ha of vegetation across all strata covered 33.9% oŦ ǘƘŜ /ƛǘȅΩǎ ǘƻǘŀƭ ŀǊŜŀΣ ǿƛǘƘ ǘƘŜ 

remaining 66.1% categorised as non-vegetation (Figure 15 A). Over a third (37.1%) of the vegetation was 

classified in the 3-10m height stratum (Figure 15 B). The next largest stratum was the 0-3m, which contained 

ŀ ǉǳŀǊǘŜǊ όнпΦф҈ύ ƻŦ ǘƘŜ /ƛǘȅΩǎ ǾŜƎŜǘŀǘƛƻƴΦ ¢ǳǊŦ ƳŀŘŜ ǳǇ мсΦп҈ ƻŦ ǘƘŜ /ƛǘȅΩǎ ǾŜƎŜǘŀǘƛƻƴΣ ǿƘƛƭŜ ǾŜƎŜǘŀǘƛƻƴ ƛƴ 

the 10-15m stratum made up 12.8% and vegetation >15m in height made up 8.9%. In total, canopy cover 

(vegetation >3m in height) comprised 58.8% of the vegetation in the City, or 111.8 ha. This is 19.9% of the 

/ƛǘȅΩǎ ǘƻǘŀƭ ŀǊŜŀΦ  
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Figure 15: 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 wards (Figure 16). 

 

A B 
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Figure 16: City of Subiaco ward boundaries.  

Canopy cover statistics were extracted for each ward in the City of Subiaco (Figure 17). 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%).  

Figure 17 represents canopy cover as a proportion of ward area for each ward in the City as a thematic map, 

with increasing green intensity corresponding to increasing proportional canopy cover. This information also 

appears in graphical form in Figure 18. 
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Figure 17: Thematic map showing canopy cover as a percentage of total ward area. The darker green indicates higher relative canopy 
cover percentage. 

 

Figure 18: Canopy cover of each ward in the City of Subiaco by percentage of total ward area. 

3.2.3.3 Land use type 

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 

Reserves (Figure 19).  
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Figure 19: Land use type boundaries within the City of Subiaco.  

The land use category with the greatest proportional canopy cover was Parks & Reserves (34.7%, Figure 20). 

Roads & Road Reserves had the second most proportional canopy cover (28%), followed by Residential 

(14.3%). Commercial & Municipal had the least (7.7%).  

Figure 20 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 proportional canopy cover. This 

information also appears in graphical form in Figure 21. 
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Figure 20: Thematic map showing canopy cover as a percentage of land use area. The darker green indicates higher relative canopy 
cover percentage. 

 

Figure 21: 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 Council-wide 

Height-stratified vegetation cover was calculated across the entire Town of Cambridge. The Town of 

Cambridge is 2086.7 ha in size. A total of 857.5 ha of vegetation across all strata covered 41.1% of the Towns 

total area, with the remaining 58.9% categorised as non-vegetation (Figure 22 A). Nearly one third of the 

vegetation was classified in the 0-3m height stratum (Figure 22 B). The next largest stratum was the 3-10m, 

ǿƘƛŎƘ ŎƻƴǘŀƛƴŜŘ нсΦо҈ ƻŦ ǘƘŜ ¢ƻǿƴΩǎ ǾŜƎŜǘŀǘƛƻƴΦ ¢ǳǊŦ ƳŀŘŜ ǳǇ нмΦм҈ ƻŦ ǘƘŜ ¢ƻǿƴΩǎ ǾŜƎŜǘŀǘƛƻƴΣ ǿƘƛƭŜ 

vegetation in the 10-15m and >15m strata made up approximately 10% each. In 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 

¢ƻǿƴΩǎ ǘƻǘŀƭ ŀǊŜŀΦ  

 

Figure 22: 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 suburbs (Figure 23).  

A B 
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Figure 23: Town of Cambridge suburb boundaries.  

Canopy cover statistics were extracted for each suburb (Figure 24). 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%) followed by Wembley (13.9%).  

Figure 24 represents canopy cover as a proportion of suburb area for each suburb in the City as a thematic 

map, with increasing green intensity corresponding to increasing proportional canopy cover. This 

information also appears in graphical form in Figure 25. 



  

 
    Page | 30 

ArborCarbon Report: Urban Forest Canopy Cover Measurement 2020 ς WESROC 

 

Figure 24: Thematic map showing canopy cover as a percentage of suburb area. The darker green indicates higher relative canopy 
cover percentage. 

 

Figure 25: 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 categories are illustrated in Figure 26.  

 

Figure 26: Land use type boundaries within the Town of Cambridge.  

The land use category with the greatest proportional canopy cover was Wembley Golf Course (34.7%, Figure 

27), followed by Bold Park (26%), ToC Parks & Facilities (24.9%) and Schools (19.8%). The Mitchell Fwy had 

the lowest canopy cover of 9.9%.  

Figure 27 represents canopy cover as a proportion of land use area for each land use category in the Town 

as a thematic map, with increasing green intensity corresponding to increasing proportional canopy cover. 

This information also appears in graphical form in Figure 28. 

 








































