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9 ES Ofzdzx ¥B NE
Green infrastructurgparticularly the urban forest, imcreasingly recognised fis multiple benefits.
These includemelioration of urbarclimate extremes conservatiorof biodiversity,reduction of
energy consumptiothrough shading buildingseduction inair, water and noisepollution,
avoidance ofrunoff andsoilerosion throughrainfall interception, mitigation of heat island effects,
increasingproperty and aesthetiovalues economic prosperitandtourism,wildlife habitat, and
improving physical and menthkalth and wellbeing Urban forestsuchas the Waite Arboretum
and other green ifiastructuresuch agarks and gardens, street trees, playing fields, vertical and

rooftop planting play a critical role in maintaining healthy urban environments andasential
assets hat keep our cities ligable.

¢CKS | YADBSNEAGE Campuslodeupibd 2a5mé&c@rds of whishill$ hectares are buildings
and carparks. The rest is urban forest including the 27 hectare Waite Arboretum, 121 hectare Waite
Conservation Reserve of Grey Box Grassy Woodland, a Nationally Endangered Ecologicaltg;ommuni
and other green space such experimental orchards, vineyards, crops and sports field.

The purpose of this report is to raise community awareness of the Waite Arboretum, its trees and
their many benefits, and to promote visitation, participation, ugepr@ciation and support of this
significant rairfed scientific collection. The report also makes recommendations of species which
have performed well in the Waite Arboretum and provide the greatest environmental benefits. This
will inform sustainableecies selection foour urban forest of the future.

TheW h LIS 3/ dzNIde® Bcwersion6 software, developed by the L& Forest Servigavas usedo
assessand assign values tesome of theenvironmentalbenefitsof the| y A OSNBRAGE 2F ' R
Waite Arboretum Other benefitsuch as biodiversity conservatiane widely acknowledgedut are

difficult to quantify.

Asurveyof trees at theWaite Arboretumcollectedstandardisedield dataon 1,25 specimens
representingg01species Thestructural value of the surveyedrees(50% of the Waite Arboretum
collection)was calculated to be A$13 million

Additional structural and functional value$the surveyed treewere:

V Carbon storage: 1,167 tonnes (A$26,6@uivalent tcannual carbon emissions fm910
vehicles or 373 singlamily houses

V  Air pollution removal(Os, CO, N@ SQ and particulate matter <2.5 microns).2 tonnes/
year (A$4840/ year)equivalent toannual emissions from 160 vehicas36 single family
homes

V Carbon sequestration:433 tonnes/ year (A$83/ year)

V  Oxygen production: B5tonnes / year

V Avoided runoff:>1,072 cubic metres ear (A$2,20/ year)

The environmental benefits of every specimen surveyed is availabdeaisa Onlinemaps.
Thisreportis in two parts.The frst part presentssome ofthe quantifiableecosystem services
provided byl,255 trees surveyed The second panpresents some of the mangtrinsic

environmenta) aesthetic,social educationabnd culturalbenefitsprovided. We conclude tte full
valueof the Arboretum is much more than the assigned structural value.
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Introduction

1.1 Waite Arboretum

Waite Arboretum was established on land bequeathed to The University of Adelaide in 1914 by
pastoralist and businessman Peter WaiteHs fine resicenceset on 54 hectares aigricultural and
grazing landtogether with substantial fundsemains one of the most generous benefactionghie
history of South AustraliéFigurel). Under the terms dhe gift, the eastern halbf the estateis to

be used for the purposes studyand teaching in fieldsf agriculture, botany, entomology,
veterinary sciencejhorticulture, and forestry. Thewestern half § to be a park or garden for the
enjoyment of the public. Waitassertedthe importance ofappliedscienceif agriculture and
forestrywereto flourish in the future, so it was decided that the park wotalkle the formof an
experimental collection Planting began in 1928 and from the outset good records were kept of
every pecimen. The evaluation of the performance of a wide variety of speiciesir
Mediterranean climate of hot, dry summers and cool, wet winters has wide applicability to other
areas in soutkeastern Australia. This informationis beconingincreasingly aluable in view of
climate change.

Waite Arboretumoccupes27 hectares and compris@s00specimendgrom around the world

growing on a rainfall of 8 mm? without supplementary watering after establishmént The

collection comprisesver 1,000 taxarepresenting215generain 61 families and includes many

species with international conservation statugn keeping with the spirit of the bequest, Waite
Arboretum is open free to the public daily, dawn till duskfree Waite Arboretum pp for mobile
deviceswas developed in 2015. Thepenhances the visitor experients providingthe label
information of every specimein thecollectiondza A y 3 (G KS Wb S NJ aSQ FdzyOiA
f20FGA2y FyYyR GNI O1Ay3 Ol thdbughbui the AfbarétdmiFsr Snangdéf & A G 2
the trees,descriptive text and images of flowers, fruit and other features which may notdsept

at the time of the visit, aralso available Other functionalities of the app includd®earc)? ¢ dza A y 3
choice ofScientific and/or Common NamessDibution and Tree ID numbefhemedWalk<and
information about wildlife, sculptures and other features of interest.

1.2 i-TreeEco

i-TreeEcais a stateof-the-art, peerreviewed software suite that provides urband rural forestry
analysis and benefits assessment tools. The softwaredveloped by the USDA Forest Service
and numerous c@perators,is in the public domain anid freely accessible.

The iTree Eco software employs a series of algorithmswitich specific tree parameters are
loaded, producing calculated values of a set ofpuits such as biomass, oxygen production, leaf
area, carbon storage and sequestration, pollutant removal and avoided rufdié software also
assigns an associated Awadian dollar value to the environmental benefits.

1 The Australian Government Bureau of Meteorolagydelaide, Waite Institute Station 023031 (adjacent to the Waite
Arboretum) which operated 925 to 1999.

2 An exception to this policy is the historic EIm Avenue. In the years2@@& 2015when rainfall was well below
average, inline drip irrigation was applied to maximise the survival and health ofémua Supplementary watering
ceased after above average rainfall and recovery of the trees in 2016.
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The iTreeEcoTools help communities of all sizes to strengthen their forest management and
advocacy efforts by quantifying the structure of trees and forests, and the environmental services
that treesprovide. Since the initial release of thelreeEcoTools in August 2006, thousands of
communities, norprofit organizations, consultants, volunteers and students have u3eeea to

report on individual treesstands of treesneighbourhoods, citieuch as New York and Londpn

and even entire stateGvww.itreetools.org) This study usedTree Eco version 6.1710 quantify
some of the environmental beniés (alsoNBS F S NNB R (i 8f White ArdbatdNides. OTBed Q 0
Tree Ecsoftware uses standardized field data, preprocessed local hourly meteorological and air
pollution concentration data and taxonomic classification to calculate the ecosystem ben€fits.
software has been adapted for use tlhughout Australiavith many ofthe necessary species
information, location information, and pollution and precipitation data ypr®cessed and available
directly in thei-Tree toolsapplication

(https://www.itreetools.org/resources/manuals/Ecov6 ManualsGuides/Ecov6Guide InternationalPr

ojects.pd). Adetailed account of Model anddid Measurements is given Appendices 1 &.

‘ Field
Data _\

Location DB
(City info)
Hourly Hourly
Pollution Weather
Data Data

Image Soure: https://www.itreetools.org/eco/overview.php

Eco

T
i-Iree

1.3 People andrees providing multiple benefits

In addition to the environmental services delivered by trees and discussed in this regiorgn
environments, especially trees, are essential elements for liveable cilibsre is no doubt that

exposure to trees, and green spaces more generally, enhance us psychologically and physiologically
(AstellBut and Feng 2016 Numerous studies shoviné multiple health, socialohesionand

cognitive benefits provided by treds the urban environmenfTarran2009, Pitman and Ely 2(R).
Benefitsincludethe following

1 Trees play an important role in the provision of shade and reduction of human @eptus
solar UV radiatiomvhich can causeunburn, skin cancer and melanomérotection by
shading igarticularlyimportant in childrerwith more sunsensitive skin Shadgrovided
by trees varies between species and changes with the season as takshnging foliage
and sun angles In trials undertaken in the Waite Arboretum to measure the Protection
Factor (PF), older, larger trees resulted in higher PFs than those obtained with street trees
with lifted canopies. The trees that provided vérgh levels of protection were Algerian
OakQuercus canariens{®F 51) and English Bllimus procergPF 29)Gieset al.2007). In
parks and school yards where shade is so important, spetie$ are selected for large size,
longevity, broad and derescanopy and allowed tspread atow levelsprovide superior
shade

Valuing the Waite Arboretungouth AustraliaSeptember 2017 7
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9 Trees cool our cities: heat related deaths are a significant killer of elderly Australians over
summer(Moore 2014)

1  Surgical patients recovenore quicklyafter operationswhen they hae visual access to
trees, requiring shortesstays Ulrich1984)

9 High levels of greenery in residential environments and aloragpts are associated with
increasedphysicakctivity, particularly walking, anetductions in trends towardsbesty
(Ellawayet a. 2005andBorstet al. 2008)

1 Walking in natureesultsin decreased anxiety, rumination and stress and preservation of
positive affect as well as increased cognitive bengfisnpared to walking in tieeless
urbanenvironment Bratmanet al. 2015)

1 People in work environments with natura¢getation havegreater job satisfactiorafew
large treesn their work environmenmake a substantial differencekaplan B07)

1 Daily contact with nature has beneficial effeotsblood pressure, heart ratenood
effectiveness and ameliorates stre$3162001)

1 Childrenwho have beemoved to greener housinghowimproved cognitive functioiWells
2000 and contact with nature relieved Attention Deficit Disorder (ADD) and AttentioniDefic
Hyperactive Disorde®DHD)Kuo & Faber Tayl®&004 Faber &ylor & Kuc2009)

1  Apartment housing surrounded by trees and greenery is safer than buildings witkeest
Total crimerates reduced by 52%Kuo& Sullivan 2001eand therewere lower levels of
aggressiorevident(Kuo& Sullivan 2001

1 A study undertaken in Munich, Germany, found that boys living further than 500 m away
from urban green spaces had more behavioural problems compared to those living within
500 m of urban green spac@darkevychet al. 2014.

Urbantrees also provideommercial benefits

1 Treesinproveeconomic vitality in terms of market identity, customer preferermead lower
vacancy rategWolf 2005

1 Treesmcreaseproperty valuegPanditet al. 2013, Plangt al. 2015. Based ora house
valuedat $500,000 Australians would be ppared to pay an extra $35,086r a house in a
green and leafarea and 34% would be prepared to pay an extra $100,@08net Ark
2014). Atree-linednature strip added 30% tihe value ofproperties in streets thiahad
trees, compared to similar houses on treeless streets just two streets d@agizale2007).

With appropriate landscape desigmadsidetreescanslowdriver speedsprotect pedestrians against
WNHz/T & Q @detiicd hésSiadrivers amelpthem focus on the roadway edgeA review of
numerous research studies concluded that roadside trees posed no signéidaasafety riskSanders
et al, 2012, Bratton and Wolf 2009)ixonand Wolf, 2007)

Wilson (1984P2 Ay SR G KS SN yBEo & 2 LIRDSA 12G Y$ G dzZNB @ ¢

stipulates that contact with nature is fundamental to human health because of our innate need to
affiliate with livingcreatures(Elyand Pitman 2012
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In his very influential book thieast Child in th&Voods: Saving our Children from NatDeficit
DisorderRichard_ouv (208) described the many benefits to people, especially in childhood
development, that frequent connection with nature can provide, aonthed the termMNature-Deficit
DisordetIor a synydromemore common in people deprivasf much contact with nature

Butler (201§ discussd the consequences of a disregard for natuparticularly forests, and its
adverseeffect on the environment angresened evidencedlinking disrespect for nature witwider
societal issues He also notedhat contact with trees, especially ones that are old, appdaise
nourishing psychologically and spirituallin many traditional societies sacred groves are
worshipped and maintainedRamakrishnaset al. 1999.

WForest bathin@which originated in Japan (shinfoku), is the practice of taking short leisurely
walks in a forest for health benefitsStudies in Japan have shown changes in immune markers and
stress hormones in people who regularly walk in ftéseand people with diabetesxperienced
substantial lowering of blood glucose levels

Waite Arboretum¢ Angophora Collection A. costata, A. floribunda Photo: J. Gardner

3 www.japantimes.co.jp/news/2008/05/02/national/forestherapy-takingroot/
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Figurel Aerial image of Waite Campushowingof extent of Waite Arboretum.
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Figure2 Aerial image of Waite Arboretum Trees included in Survey shown in light green.
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Approach and Methodology

2.1 Data cdlection andequipment

2.11 The specimens

The 1,25 trees and shrubsurveyedrepresent50% of Arboretum collectio(Figure2). Priority was
given to themature specimens. The specimens not surveyed are more recent plantings or naturally
small species.

The calculation of thenvironmental benefits oéachtree wasderivedby joining two datasets
before submitting the field data teTree Eco for analysisThe first dataset was the taxonomic
informationwith the unique Arboretum treédentifiersexported from the Waite Arboretum
FileMaker Pro 13 database. The second datasetheageospatial datascertained from &.5 cm
resolutionaerial image of the ArboreturtFebruary 2017procuredfrom Aerometrexandexported
into anESRI ArcGI®.4.1 map. Field data was collected using ArcCollector software on a mobile
phone or tabletand uploadedn the fieldto ArcGIS online.

A species code was applied to every specimen, baséd meEcoSpecies v4.kst. Many speas in
the Arboretum are uncommoand not in the iTreeEcoSpeciedist which relies mainly on the US
specimen databaseln thosecases, the closestspeciesnatch based on sizéeaf structure habit

and natural distribution of our species was researcfed. eucalyptsdr the genericcode used. In

the few specimens whemo generic code was available the specimen was coded as hardwood or
softwood. Any species code substitutiasnoted in ourdatasetso thatthe correct codecould be
incorporatedin the future as new codes are plisghedon i TreeEca

2.1.2 Field data

Tree measurements and field data were collecteda period o221 months20152017 by a teamof
2 or3 volunteerded byErica Boyle A total of 8 volunteers committed their time to this project.

Field data wagathered orauthorizedsmart phones and tablets equipped witticGISCollectorand
apaperbased formwas manually completed for each tree as a bapk

Tree data collection includkthe uniqueArboretumtree identifier, speciesGPS coordinatesotal

height, trunk(sdiameter(s) at breast height (DRHheight to crown basepercent crown missing,

percent crown dieback and the amount of light exposure the canopy receives from the top and sides.
DBH (1.3 myvas measured with a standard forestry DBH tapdl measurements were metric.

i-Tree Eco is capable of interpolating the services with the basic input data of species and DBH
measurementsbut the quality and accuracy of the results are greatly improved if all of the details
recommended by the softare are collected.

A dataset of lhe total height of each specimen waltained from Aerometex which used
stereophotogrammetry analysts obtain the data. Whereanopesoverlapped, the shorter tree
heightwas measured with heica Dist6MD 510 Rang Finder Laser Measuring Deviae was the
height to crown base.
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Canopypercent missing, percent dieack and amount of light received weresually assessed and
estimated by thesurveyteam. Field data of deciduous treeeng collected during the leabn
season to properly assess their canopies.

Thecanopy widtls (eastwest and northsouth)and ive height(total height minugpercentcrown
diebacK were calculated in ArcGIS.

The Survey data, formatted to matciTiee requirements, was loaded intd iee Ecosystem
software in June 2017. This was then submittedhe software to theUAForest Serge for
processing. The analysis was downloaded back-ifted software where reports and other
information are generated from the analydis.

2.1.3 Climate and pollution data

An Australiarcompatible version of theTree Eco application was introduced in 20aad stated
that all Australian pollution and weather data have been integrated into the Eco application
eliminating the need to acquire ¢al pollution data Userscanselect the specific location of the
weather station to use during therpject setup within4iTree Eco.The species and fieltataare
integrated with local weather and pollution data to calculate the total environmentalices the
inventoried treesdeliver.

Weather data was sourced from the network of weather stations available from the National Climate
Data Centreww.ncdc.noaa.gov). i-Tree Eco v6.0 states that it has bestapted for use

throughout Canada, Australia, and the United Kingdom with the necessary species information,
location information, and pollution and precipitation data gseocessed and available directly in the
application.

The nearest meteorological gtan listedwith both climate andpollution data waspecified as
Adelaide Airport$tation number 023034) The Metadata Report our projectwasprefaceR Wéite
Arboretum hventory \2, Year 2017from i-Tree EcancludesPollution Details: Year 2014nd
Weather Station Btails: Year 2011, USAF: 946 AAMBAN: 99999. Name: ADELAIDE IMdelaide
International Airport

The MetadataReport indicated that the runoff avoidancevas based on a annualrainfall of 120

mm. This islessthan 20% ofthe annual rainfallamount thatthe . dzNS I dz 2 ¥ @ffidalS 2 N2 f ;
ADELAIDBVAITE INSTITUTHEation recordedas a 74 year averagendthis discrepancy is

discussed ithe Results sectioB.2.5

The ground cover between and under trestshe Arboretumisgrass and herbaceous brodehved
weeds and lowgrowing indigenous species. The introduced groundcovers are gradually being
replaced with native grasses, mainly the summer growing native Windmill Ghé@ss truncatas
well as speagrasseAustrostipaspecies and wallabgrassefkytidospermapecies. The
environmental benefits of the ground covervenot been quantified, although it does contribute to
reduced waterrunoff and is a food source ftwcalbutterflies and other wildlife

4 https://www.itreetools.org/eco/overview.php
5 i-Tree Eco Australia Users Manual v2 (September 2012) A document prepd&E&tEBEfRr Arboriculture Australia
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I-Tree Eceydem AnalysisResuls and Discussion

3.1 Tree characteristics

3.1.1 Species diversity and abundance

1,25 trees and shrubsomprising 6@ taxa in146 generawere surveyed in this studgpresenting
half the collectiorof mature trees at the Arboretum Of the surveyed tree509 speémens 40.5%
of the surveyed treepare the eucalyptsasEucalyptuspp.(428 specimensn 219 taxd, Corymbia
spp.(68in 11 taxg and Angophoraspp.(13in 8 taxg. Sixspecies were planted as avenussd / or
perimeter plantings and so are oveepresented in théSurvey These are Lemaescented Gum
Corymbia citriodorg53 specimens)Sugar GuniEucalyptus cladocaly{g0), English Elnimus
procera(71), Canary Island Pirf@nuscanariensig22), Aleppo Pin®. halepernis (15) and Stone Pine
P. pineg13)(Figure 3.

Waite Arboretum- view from historic gardens Photo: J. Gardner

Of the trees surveyed, 62% are native to Australia, 17% to Europe, 16% to North and/or South
America, 14% to Asia and 5% to Africa. oT%e species are naturally distributed across more than
one continent.

6 i-Tree Ecosystem Analysis Waite@etum Inventory June 2017
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Figure3 Composition ofWaite Arboretum Surveytrees- 22 genera with the most spegiens as percentage of the total
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Table Isummarises the generic composition of all the surveyed trees with the number of
species and specimens in each genus

Tablel Generic composition of Waite Arboretum Survey trees.

Genus No. of | No of Genus No. of | No of Genus No. of | No of
taxa specimens taxa specimens taxa specimens

Acacia 12 34 Dombeya 1 1 Olea 1 2
Acer 2 2 Dracaena 2 6 Palinurus 1 1
Aesculus 2 5 Dysoxylon 1 1 Paulownia 1 1
Afrocarpus 1 2 Flaeagnus 1 1 Persea 1 1
Agathis 1 4 Flaeodendron 1 3 Phillyrea 2 2
Albizia 1 1 Enterolobium 1 1 Phoenix 2 2
Alectryon 2 5 Eremophila 1 1 Photinia 1 1
Allocasuarina 4 6 Eriobotrya 1 2 Phytolacca 1 2
Alphitonia 1 1 Eucalyptus 219 | 428 Pinus 13 66
Alstonia 1 1 Fuclea 1 2 Pistacia 6 18
Angophora 8 13 Eugenia 1 3 Pittosporum 1 1
Araucaria 5 17 Furoschinus 1 2 Planchonella 1 1
Arbutus 4 5 Ficus 11 15 Platanus 1 3
Arytera 1 1 Flindersia 3 6 Platycladus 1 1
Atalava 1 2 Fraxinus 5 7 Pleiogynium 1 2
Backhousia 1 2 Geijera 1 3 Podocarpus 1 1
Barklya 1 1 Gleditsia 4 4 Polyscias 1 1
Bauhinia 1 1 Glochidion 1 1 Pouteria 1 2
Beilschmiedia 1 1 Gmelina 1 3 Pyrus 38 73
Bolusathanus 1 2 Grevillea 1 2 Quercus 41 72
Brachychiton 8 22 Grewig 1 1 Quillaja 2 2
Brahea 1 1 Hakea 2 4 Rhodosphaera 1 3
Caesalpinia 1 1 Harpephyllum 1 2 Rhus 1 1
Callistemon 3 3 Harpullia 1 1 Santalum 1 1
Callitris 4 6 Hymenosporum 1 1 Schinus 5 9
Calocedrus 1 1 acaranda 1 1 Schotia 1 2
Calodendrum 1 3 acquinia 1 1 Sequoig 1 1
Capparis 1 1 agera 1 1 Sorbus 1 1
Carissa 1 2 ubaea 1 1 Stenocarpus 1 3
Carya 1 2 Vuglans 2 2 Sterculia 1 1
Casimiroa 1 1 uniperus 9 13 Styrax 1 1
Cassia 2 3 Kageneckia 1 1 Syzygium 1 6
Castanospermum | 1 1 Koelreuteria 2 3 Tamarix 2 3
Casuarina 7 10 Lagerstroemia 1 1 Tarchonanthus 1 1
Cedrus 7 17 Lagunaria 1 3 Tetraclinis 1 1
Celtis 6 10 Ligustrum 1 1 Thuja 1 1
Ceratonia 1 2 Lithrea 1 1 Tipuana 1 1
Cercis 1 1 Lophostemon 1 2 Toona 1 1
Citharexylum 1 1 Lyonothamnus 2 3 Ulmus 5 81
Citrus 1 1 acadamia 1 1 Umbellularia 1 2
Clerodendrum 1 1 elaleuca 12 14 Ungnadia 1 1
Colliguaja 1 1 elia 2 5 Vauquelinia 1 1
Corymbia 11 68 Wlischocarpus 1 1 Vepris 1 1
Crataegus 1 1 orus 3 3 Washingtonia 1 1
Cupaniopsis 1 3 yricanthes 1 1 Yucca 1 1
Cupressus 16 26 Myricaria 1 1 Velkova 2 3
Curtisia 1 2 yrsine 1 1 Ziziphus 1 1
Cussonia 2 5 Wotelaea 1 2
Diospyros 2 Wuxia 1 1
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3.1.2 Treeage and size

There are fiveemnant Grey BoxEucalyptus nicrocarpatreeswhich are thoughto predate
European settlemenin 1836 The earliest plantingy European settlersn 1877 js the avenue
of Sugar GumBucalyptus cladocalfxA Y Ay 3 (KS &6 S S LIvesidlende DRI S & | &
13 of thesdreesremain with those at the eastern end being replaced by Lessmented Gums
Corymbia citriodorglantedc1960. Other early plantings includeBunya Pinéraucaria
bidwilliiand a Canary Island PiReus canariensi@anted by Waite irl893adjacent to his
residence. The perimeter plantingare thought to datec190Q EIm AvenudJimus proceravas
planted in 1928 when the Arboretum was established, and frames a vista from thé/aste
Institute building to the sea.

About 1,000 treesvere planted in the first two yearsf the Arboretumwith many replicate
specimens. Plantings ongoing as trees senescecommon replicatesire removed to make
way for speciesnore suitable to the climategf interest for their rarity or for researcpurposes.
Trees less than 20 years old are undepresented in the age class statistics as$hevey
focussed on larger, established specimeigures).

Figure4 Composition ofWaite Arboretum Sirveytrees by age class.
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Field measurements of size included height, canopy extent and trunk diameter at breast height
(DBH) at 1.3 m.In the Survey of Waite Arboretum treethe DBH class with the greatest number
of trees was 20 cmwith 373 indivduals (30% of the total) The average height increases with
DBH class with the exception of 2800 cmclasg(Figure5). Very large trees (with DBH greater
than 1 metre) numbering 117 individuals comprise 9% of the total ke Of the tallest 20
specimend5 are Sugar Guntaucalyptus cladocalythe remainder are Canary Island Piiaus
canariensi@nd Aleppo Pin®. halepensis Thetallestspecimen in thiSurveyis a Sugar Gum

with a height of 3 m.
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Figure5 Composition ofWaite Arboretum Surveyreesby DBH class with corresponding average tree heic
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Generally, tle trees with the greatest DBH have correspondingly greater canopy extent but the
relationship is not exadiecauseof the different habitsof different specieqFigure 6.

Larger trees tend to offer more functional services due to the greater amourdésfdiavailable
to store and sequester carbon, and the generally latgaf surface area able to remove
pollution and intercept rainfall (Seed Consulting, 2016).

Hollows providéhabitat for manynative animals It can take morehtan80years for natural
hollows to develop iustralian trees, and sdearance of older and remnant vegetation has led
to a missing piece of habitat. Bird species such as rosellas, lorikeets, pardalotes and
kookaburras are just a few of the native birds that rely on holltawbreedind. It istherefore
important that mature trees are retained and kept as healthy assjibs to gain maximum
benefits and support richer biodiversity.

As statecby Dwyeret al. 2003¥ & ¢ KS A Y LJ2 NJidf Isrde trée8 igcludéTaastties A 2 y &
purifyingthe air, retaining rainfall, providing shade, and providing symbolic community heritage
values. In fact, it is the enduring nature of large trees in a rapidly changing urb@rement

that contributes to their high symbolic values andemse of permanence in our fashanging
societyf @

7 6Encouraging Native Birds C I O § BagkfagiS§4iwildlife series, Government of South Australia, Natural
Resources, Adelaide and Mt Lofty Ranges. 2016
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Figure6  Aerial imageof Waite Arboretum Surveyrees showing the location of trees oflifferent DBH classes
Symbology displays graduated colour ramp from smallkéghiest shade) to largest trunk diameter (darkest shade).
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3.13 Canopy cover and leaf area
Many tree benefitsorrelatedirectly to the healthydaf surface area of the plant.

Leaf area of trees was assessed using

Specieg; to identify shade coefficient

Total heightq to estimate height of the crown

Crown base heighg to estimate height of theanopy

Crown widthc to identify crown width dimension

Percent crown missingto modify base leaf area for actual amount present

=A =4 =4 =8 =4

Leaf biomass is based on lea¢a estimates and uses the same direct measures (as described
above).

Leaf Area Index (LA$)a widely used descriptive variable argresents the photosynthetic
functionalityand transpirational surface efgetation LAlis used in calculation of ap
production inforestry and agronomy, climate modellingroundwater interception and other
studies. LAI can be defined in several ways:

1 One-sided green leaf area per unit ground surface area in broadleaf commdnities

9 Half the total outside area, ot the projected aredGorsamoand Pellikka 2008)n order

to avoid leaf shape dependency of LAI
1 i-TreeEcoanalysis calculates LAl as Leaf Ared (l@anopy Area (M)

LAI can be determinedon-destructivelyby:

1 Gap Fraction Method the gap fractionthe amount of visible sky from beneath the
canopy) can be used to calculate the amount of foliage (assuming the random position
of leaves within the canop?)

Hemispherical Photography

Photosynthetically Active Radiation (PARJersionc integrated refletance model

combining radiativdéransfer and geometric optical properties to obtain inverse LAI

1 Spectral ReflectanceRemote sensing dataatmospherically corrected Normalised
Difference Vegetation IndgdNDVI)s used as a proxy for LAI

= =

The sirveyedtrees covei79% of theWaite Arboretumareaand provide 77 hectares of leaf
area. The overall density afurveyedrees(50% of the total collectiori} 46 trees per hectare.
In terms of contribution to the total leaf areaé three dominant specieare Eucalyptus
cladocalyX13.5%)UImus procerg11.9%)and Corymbia citriodor9.3%). These specikawe
the largest number ahdividualsin the Survey The combined eucalypt&(calyptusCorymbia
and Angophoratotalling 509 individualsomprise 406% of thesurveyedpopulation and
account for47.8% of theotal leaf area.

The Waite Arboretunurvey included detailed measurements for all 1,255 specimens which
were used in the-TreeEcoanalysis to determine the Leaf Area and.LA&able2 lists the top 40
specimens selected by the highest leaf araad includesanopy area, leaf area index and leaf
biomass

8Use of Direct Measures byTree Eco (v6.0)

9 https://en.wikipedia.org/wiki/Leaf area_indeaccessed 24/7/17

10 Measuring Leaf Area IndgiOct. 5, 2015https://www.youtube.com/watch?v=tOKOc_tgjTaccessed 11/08&/7

11 Canopy 101:Leaf Area IndeX heory, Measurement and ApplicatioSteve Garrity (Feld7, 2015
https://www.youtube.com/watch?v=GurnDQ8m1Zkt=150{@ccessed 118/17)
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Table2 Top 40 specimens selected by highest leaf griealuding cangy area, leaf area index

and leaf biomass

Arb. o Leaf Canopy | Leaf L(_eaf
Tree ID Scientific name Common name Area Area Area Biomass
(m?) (m?) Index | (g/m?)
1201G | Eucalyptus cladocalyx Sugar Gum 4,586 891.4 5.1 594
1201D | Eucalyptus cladocalyx Sugar Gum 4,222 1,168.7 | 3.6 547
2153 Eucalyptus cladocalyx Sugar Gum 3,606 843.6 4.3 467
1880 Araucaria bidwillii Bunya Pine 3,530 400.6 8.8 553
1201J | Eucalyptus cladocalyx Sugar Gum 3,383 717.7 4.7 438
2144A | Pinus canariensis Canary Islands Pine 3,371 759.8 4.4 325
1201K | Eucalyptus cladocalyx Sugar Gum 3,290 742.6 4.4 426
41 Eucalyptus cladocalyx Sugar Gum 3,229 686.3 4.7 418
1201L | Eucalyptus cladocalyx Sugar Gum 3,211 623.5 5.1 416
1201M | Eucalyptus cladocalyx Sugar Gum 3,072 706.2 4.3 398
1201E | Eucalyptus cladadyx Sugar Gum 3,039 688.0 4.4 393
2100 Eucalyptus cladocalyx Sugar Gum 3,004 542.5 5.5 389
1201F | Eucalyptus cladocalyx Sugar Gum 2,938 590.5 4.9 380
1201A | Eucalyptus cladocalyx Sugar Gum 2,797 632.6 4.4 362
1A Pinus canariensis Canary Islands Pine 2,709 498.6 5.4 261
37 Corymbia citriodora Lemonscented Gum 2,687 769.1 3.5 201
2150D | Eucalyptus cladocalyx Sugar Gum 2,672 657.7 3.5 346
1201C | Eucalyptus cladocalyx Sugar Gum 2,666 675.8 3.9 345
2149 Eucalyptus cladocalyx Sugar Gum 2,654 679.0 3.9 344
21 Eucalyptus microcarpa Grey Box 2,619 646.5 4.0 339
1201B | Eucalyptus cladocalyx Sugar Gum 2,609 533.2 4.9 338
1522 Eucalyptus microcarpa Grey Box 2,546 629.1 4.0 330
2118 Pinus canariensis Canary Island Pine 2,544 495.8 5.1 245
2114 Pinus canariensis Canary Island Pine 2,478 457.2 5.4 239
2110 Pinus halepensis AleppoPine, Jerusalem Pine | 2,433 673.1 3.6 235
1562 Corymbia variegata 2,426 568.7 4.3 182
2144D | Platanus x acerifolia London plane 2,386 518.0 4.6 110
2152 Eucalyptus cladocalyx Sugar Gum 2,333 443.1 5.2 302
2150L | Eucalyptus cladocalyx Sugar Gum 2,311 441.2 5.2 299
2143E | Eucalyptus cladocalyx Sugar Gum 2,299 473.3 4.9 298
948 Ficus rubiginosa Port Jackson Fig, Rusty Fig 2,284 565.7 4.0 171
101 Eucalyptus cladocalyx Sugar Gum 2,220 7182 3.1 287
1637 Eucalyptus dawsonii Slaty Gum 2,219 449.6 4.9 287
2124 Pinus pinea Stone Pine 2,142 458.3 4.7 206
2106 Pinus canariensis Canary Island Pine 2,141 394.0 5.4 206
2140 Pinus pinea Stone Pine 2,135 610.1 3.5 206
3248 Corymbia citriodora Lenon-scented Gum 2,109 425.0 4.9 158
2144B | Eucalyptus camaldulensis River Red Gum 2,078 485.7 4.3 288
2153A | Eucalyptus cladocalyx Sugar Gum 2,039 563.8 3.6 264
1617 Eucalyptus sideroxylon Mugga, Red Ironbark 1,985 401.9 4.9 272
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3.1.4 Tree healthand potential pests

The iTreeEcoReport assigns a condition value of Excellent, Good, Fair otd®each tree The
assessment is based solely on the % crown diebhackv(itreetools.org. On this criterion, the
hedth of the surveyed trees was assessed as Excellent (70%), Good (28%) and Fair (2%).

¢CKSNBE INB YlIye GKNBFrGa G2 !dzAGNIEAFIQa | NbBlyYy C
established introduced insects and pathogens (together defined as pests), and @versea
incursiongSmith and Smith, 20)4 Thepestsreduce the health of the trees and potentially

cause deathadversely affect biodiversity values and cause significant damage in parks and

gardens. The main strategy against peststhe Arboretumis to maintain the trees in good

health by mulching and weed controlThe se of insecticides in the Waite Arboretum is limited

to trunk injection inthe avenue of elms

The iTreeEcoWaite ArboretumSurveyanalysed 36 pests and pathogens for their potential
impacton the treesshould the pests become establishiedAustralia(Figure J. Of these36
pests, eighthighlighted)were calculated tgotentially impact 30 or more specimens in the
Arboretumwith an associated compensatory cost of A$500,008%82 million. The
highlightedpestsare described belowas well as other pestsich as Fire BlighGiant Pine Scale
and Myrtle Rusthich are not considered inTiree Analysis but are judged by the Australian
Government biosecurity agencies to be a potehtr actualrisk. EIm Leaf Beetle &so
included in this report as the pest is already present in the Waite Arboretuanis well
established in Australian cities.

Figure7 Number of trees at risk (points) from potential pestand pathogens and assatéed
compensatory value (ba) Sourcedi-TreeEcoWaite Arboretum Inventory June 204.7
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AsianGypsy MothLymantria dispa(GM) is one of the top 40ational priority plant pest¢hat are
exotic to Australia andre under eadication or have limited distribution.These are the facs of
government investment andction Asian Gypsy Moth occurs throughout temperate Asia, Russia,
Chinaand Koreaand can feed on the leaves of over 600 speciBach larva consumes about fof
leaves in its lifetime. The pest has spread to Europe, the Middle East, Africa, North America and
New Zealand. Eradication campaigns have occurred in tA@ahtSNew Zealand at great financial
cost?? The iTreeEcoWaite ArboretumSurveyindicates that should this pestecome

established irAustralia it would threaten 10.8 % of the surveyed population, which represents a
potential loss of A$752,000 in Structurallife.

Asian Longhorn Beetl&noplophora glabripenni@®LB)s amajor risk It isan invasive forest
pest with no natural enemies in Australidlhe beetleattacks nearly all broadleaf tre@gth
elmsand plane treemmong the preferred hosts Asian Longhorn Beethwhich is native to
China, Japan and Korea is not establ@dheAustalia, but border interceptions have occurred.
The highest risk is on imported timber, wood pallets, furniture and other such jtantsall
timber products from Asia must be treated before being imported or on arrival in Australia.
Asian Longhorn Beletcould potentially damage our forest, natural environment, gardens and
street trees®. The iTreeEcoWaite Arboretim Surveyindicates that ALBoses gotential

threat to 7.2% of the trees surveyed, which represents a pt&dtoss of A$2.22 milliomi
Structural \alue.

Dutch EIm Diseas@DED)]s caused bjungusOphiostoma ulmivhich causessascular wiltand is
fatal. It isestimated to have killed >17 million of 23 million elms in southern En¢fland in the
United States it has killed over 50%tloe native elm population since it was first reported in the
1930s. EIm bark beetleransport, and root connections / graftsansmit,the fungalspores into
healthy elms tonitiate new DED infectionsThe European Elm Bark Beefeolytus multistatus

is animportant vector of the diseas@verseas. This vectoiis not yet present in Australia,
however there are native bark beetles which can act as vectors. DED has not reached Australia
although it is as close as New Zeala2ED wa one of tle USA40 National priority plantpestsin
2016. An AustralianNational DED contimgncy plan has been developed and includes pre
introduction measures to reduce the impact of the pathogen should it be introdusedtly and
Smith, 2014. The iTree WaiteArboretum Inventory indicatethe Arboretumcould possibly lose
6% of he surveyed trees to this peatorth A$2.18 million in Structuralaiue.

EIm Leaf BeetlXanthogaleruca luteoléELB)s an important pest of elm treeslt exists in
Europe and wamtroduced into the United States around 183£LB was first discovered in
Australiain 1989in Victoriag, thenin Tasmania Launceston irR002and Hobart in 2008The
first record in South Australia w2911 and soon after a light infestation was fouirdthe Waite
Arboretum. ELBs now well established in thegaustraliancities ELBarvae skeletonise the
leaves and the adults chew shot holaghe leaves Severe infestationseaken mature trees
and reduce their aesthetic and amenity valuéms subjected toepeatedELBattackare more
susceptible to other pests and diseasAlthough a single, heavy infestation of ELB can
completely defoliate an elm, the tree will send out new leaves in the next sea$&LB is not
controlledthe growthof the tree will be affected and the tree may eventually die after a few
years®,

12 http://www.dpi.nsw.gov.au/ _data/assets/pdf file/0013/443110/ExofRestAlert-Asiangypsymoth.pdfJan.
2017

13 http://www.agriculture.gov.au/SiteCollectionDocuments/longhebeetle.pdf May 2016

14 http://www.agriculture.gov.au/pestsdiseasesveeds/forestrytimberi#fieldguideto-exoticpestsand-diseases

dutch-elm-diseaseaccessed 14/8/17.

15 http://dpipwe.tas.gov.au/Documents/Elm_leaf beetle fact sheet.phifay 2013
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The 70 English EIms in the Waite Arboretum EIm Avenue planted in 1928 form an

impressive landscape elementn 2015 he elms were treated for ELB wittutk injecton with
Imidaclopridwhichis considered to be the most effectivechenvironmentally sound option.

The health of the elms was promoted by summer watering during the drought years, mulching
and weed control. To datethe infestations have been light thilittle appreciable damageThe

five Chinese EImImus parvifolidan the Arboretum are unaffected.

FireBlight Erwinia amylovorgFB, one of the top national priority plant pestis a devastating
bacterial disease that mainly infects apple and peaes. Currently, there are no effective
chemical controls available where this pest is present. It is a major problem in Europe, Asia,
USA and New Zealalid Waite Arboretum has 95 pear trees representi8species, some of
them very rare such a@dyrus tadshikistanicand P. korshinskyi All could be atpotential risk

from Fire Blight

Giant Pine Scal®larchalina hellenicdGPSjs a scale insect that is native to the eastern
Mediterranean region, mainly Greece and Turkdysuckghe sap of ine trees, mainly the
Turkish Pindinus brutiaand to a lesser extent Aleppo PiRaus halepensind Stone Pine
Pinus pinea The Waite Arboretum has 77 pine trees representing 14 species including 31
Turkish, Aleppo and Stone Pines. This pest lantly been found in metropolitan Adelaide
andin Victoria on Aleppo Pines amah Monterey Pinedinus radiata’

Japanese Sawyer Beetdonochamus alternatug)SBjs one of a number of pirmfesting
longhorn beetles that attack stressed or recentlyddltrees as well as cedar, spruce and fir.
The main concern is that JSB, like otltemochamusspeciesis a vector for the pine wilt
nematodeBursaphelenchaixylophilusvhich is native to North AmericaThe pests have not yet
been recorded in Austraj but aremost likely to arrive in imported timber and wood used for
pallets from Asiavhere the nematode has been introducéd@mith and Smith, 2014 JSB wal
one of theUSA40 National priority plantpestsin 2016.

Myrtle RustPuccinia psid{iMR)first described on guava in Brailafungus which causes leaf
and shoot death on Myrtaceae specieRepeated infection may result in loss of vigour and
death. It is widely distributed in native forests along the east coast of Austrdlere the host
range has expanded rapidly to over 240 spet®mith and Smith, 20)4 Incursion into Victoria
occurred through transport of nursery plants where it is currently under containmdirtias

not yet been recorded in South Australidnfection by MyrtleRust requires conditions of high
relative humidity sespreadis restricted by climate and poses more of a risk to nurseries than
the Waite Arboretum collection.

Oak Wilt(OW)is a devastating disease caused by the fur@ersatocystis fagacearuandcan
kill trees in a single seasorilhe origin of the pathogen is not known but recent evidence
suggests that the pathogen was introduced into theited Stategrom Centralor South
Americaor from Mexicd®. It is not yet in Australia. Th&lreeEcoWaite ArboretumSurvey
indicatesthat OW poses potentialthreat to 4.9% of the surveyed trees, whislould represent
a loss of A$577,000 in Structurallve.

16 http://www.planthealthaustralia.com.au/wgcontent/uploads/2013/03/Fireblight-FS.pdf Jan. 2014
17 http://www.dpi.nsw.gov.au/__data/assets/pdf file/0007/542365/ExofRestAlert-Giantpine-scale.pdfFeb.2017
18 https://en.wikipedia.org/wiki/Oak wilt accessed 14/8/17
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Pine Shoot Beetl&omicus piniperdéPSB)s a barkoeetle native throughoutEurope
northwesternAfrica and northernAsia It is one of the most destructive shotgeding species in
northern Europe. Its primary host planis Scots e Pinus sylvestrj$ut it alsoattacksEuropea

Black fne P. nigraand other pine specie®. The iTreeEcoWaite ArboretumSurveyindicatesthat
PSB has the potential to affect 5.4% of the surveyed trees with a A$1.47 million structural value.

SirexWoodwaspSirexnoctilio (SW)attacks pine treeand can devastate pine plantations.
Originally from EuropeSrexwas first detected in Australia in 1952 in Tasmania, and has since
spread to Victoria, then west to South Australia and north as far as the Queensland border,
despite earhintensive eraitation attempts. Effective biological control measures have been
introduced and these currently maintai@irexat low levels across much of Australidlhe most
effective biological control agent is an introduced nematd8eddingissiricidicolg which
sterilizes female waspsA number of parasitic wasps have also been introduced, of whalla
leucospoidess the most common.Importantly,annual reintroductions of the nematode into
forests is requied to ensure effective ongoirfgirexsuppressia. This program is
internationally recognised as a biological control success $toihe iTreeEcoWaite
ArboretumSurvey indicatethat Sirexposes a threat to 5.4% of the suneslspecies, which
represents a potential loss offA.47 million in Stretural \alue.

Southern Pine Beetl®endroctonus frontaliSSPB)s the most destructive insect pest of pine in
southern United Stateslt occurs in North, Central and South AmeficaThe iTreeEcoWaite
ArboretumSurvey indicatethis pest would theaten 5.4% of the population, with the poteal
loss of A$1.47 million in StructuradMe.

Sudden Oak DeatfSOD) is caused by the oomycete plant pathdgleytophthora ramorum
The disease kills oaks and other species of teeeshas had devastatirgffects in California and
Oregon ltis alsgpresent in Europe Other species in the Waite Arboretutimat are

susceptible to SOD includiéadrone Arbutus menziesiCalifornia Bay Laureimbellularia
calilfornica Californian Buckey&esculus californicand Big Leaf Mapl&cer macrophyllurf?.
The iTreeEcoWaite ArboretumSurvey indicatethe potential loss fron SOD is 0% of the
surveyed trees with a StructurabMe of A$41,800

3.2 Ecosystem Services

3.2.1 Air pollution removal

Airpollutionsi KS @2 NI RQa f I NBSal aAy 37 Riliod dedthsheyy Y Sy G I
year attributable tooutdoor air pollution(World Health Organisation 208 Common sources

of outdoor air pollutants includenotor vehiclesand other transportindudrial facilities power

production andforest fires

Air pollutants of major public healthiskinclude carbon monoxideCO) ozone(0s), nitrogen dioxide
(NQ), sulphur dioxidgSQ) and particulate matter Rarticulate matter witha diameterlessthan2.5
microns (PMs) isof most concern. Epidemiological studiesonfirmits causalink to cardiovascular
mortality andmorbidity, respiratory diseasand other adverse health outcoméEVIHAARO13).

=

9 https://en.wikipedia.org/wiki/Tomicus_piniper accessed 14/8/17

20 http://australiansirex.com.awaccessed 14/8/17

1 http://entnemdept.ufl.edu/creatures/trees/southern_ime_beetle.htm accessed 14/8/17
22 https://en.wikipedia.org/wiki/Phytophthora_ramorumaccessed 14/8/17

23 http://who.int/mediacentre/news/releases/2015/whe26-may-2015/en/

N
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Ozone is a powerful oxidant that can cause muscigraation in the airways, reducing the

volume of air that can be inhaled and causing shortness of breath and damage to lung tissue.
also increases the permeability of lung cells rendering them more susceptible to toxins and
microorganisms. Childrdsreathe more rapidly than adults and inhale more pollution per
kilogram of body weight and it is suggested that this then puts children at greater risk from
exposure to ozord. Ozone exposure also reduces the overall productivity of plants, damaging
cells and leaf tissue. This reduces the photosynthetic ability and weakens the plants making
them more susceptible to disease, pests, cold and drotight

In addition to health risk, gor air quality can also damag¢gndscape infrastructure and
ecosystem proesses Ozone carcause substantial damage taa@ngeof manmadematerials
and products (both the functional and aesthetic qualities) resulting in significant economic
losses as a result of increased cost of maintenance, upkeep and replacement

Ozone irthe upper atmosphere (stratospheric ozone) reduces the amount of ultraviolet light
SYGSNAYy3a GKS 9FNIKQa FiY2aLKSNB LINRPGSOGAY3
However exposure to ozone at ground level is very harmful to human haadtthis is reflected

in the high value of its removal of A$4,105 / year.

According to the iTreEcoanalysis thesurveyedtrees of the Waite Arboretum remove up to
679 kgs of ozone per year, more than half of the total pollution removal by the surveyed tree
(Figure 8.

Treesimprove air quality by directly removing pollutants from theamd reducinghe
temperature, but also indirectly bghading our buildingandredudngair-conditioninguse and
thusreducingthe emissions from power sources

Trees ae particularly effective at reducing levels of particulate mafeutler2016). Trees
removePM:swhen it is deposited on leafisfaces, but the pollutant can be +®ispendedo the
atmosphere, especially in dry months,lmrremoved during rain even@nd transferred to the
soil. The-iTreeEcomodel incorporates a 50%-®ispension rate of particle@ppendix ).

In the iTree Eco analysis, pollution removal is calculated $p6Q, NQ and PMs.  Air

pollution removal estimates are derived fraralculated hourly treeanopy resistances fors©O
SQand NQ. The removal of CO and BMvere based on measured values from the literature
that were adjusted depending on leaf phenology and leaf area (App&ndix

Pollution removal by the WaitArboretum surveyed trees wagreatest for ozoneGg79kg/yr)
followed bynitrogen dioxide §02kg/yr), with PM s, SQ and CQAn much smaller amountd={gure8).

24 \www.epa.gov/ozonepollution/health-effectsozonepollution

25 www.arb.ca.gov/research/aags/caaqs/ozone/ozefsepdf
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Figure8 Waite Arboretum Survey Pollutants removed as a percentage tife total.

PM, ; - Fine Particulate Matter

1.0% €O - Carbon Monoxide

SO, - Sulphur Dioxide 0.2%

0.6%

NO, - Nitrogen dioxide
41.7%

Theamount of removal of each pollutant and the corresponding $A value / ysansnarized
in Table 3andillustratedin Figure 9 The very high valuef A$142,61%ertonne of PMs
removalreflects thehigh cost to human health of thgollutant. In total it was estmated that
the trees removed 1.2onnes of air pollutionCO, @, NQ, SQ andPM. 5) annuallywith an
associated valuef A$4,810/year.

Table3 Waite Arboretum Survey Summary of pollutant removal with A$ value

Pollutant A% tonne A$ value / year
CO 2.2 23 $0.05
NG 502 612 $307
O3 679 4,105 $2,789
SQ 6.8 223 $1.52
PM s 12.2 142,612 $1,742
TOTAL 1,202kgs | $4,840

The highestotal air pollution removal was by a sgewen of Sugar GurBucalyptus cladocalyx
Arboretum ID #1201Gwhich removed7.2 kg/yr (value of $26.50/yr) In addition tothe 14other
specimens of Sugar Gum in the Arboretum, other specimens which removed four or more
kilograms a year includdglunya Pia Araucaria bidwilli{(1), Canary Island Pifnus canariensis
(3), LemorscentedGumCorymbia citriodordl) and Grey Bokucalyptus microcarp@).
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Figure 9

Waite Arboretum Survey Annual pollution removal (points) and value (bars)
from i-Tree Eco Analysis June 2017.

700 =

600

(kgl

500

400 -

300 -

200 -

Pollution Removed

100 +

Co

MNO2

o3
Pollutants

—- 3000

— 2500

~ 2000

~ 1500

walue [ &%)

~ 1000

~ 500

PMrIZ.5 502

Table4 lists the top 40 specimens with the greatest Rvemoval and Bows the close correlation
with Leaf Area.
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Sugar Gung Eucalyptus cladocaly1201J
Photo: J. Gardner

Height: 34m

DBH: 202 cm

Canopy area: 718 n?

Age: 140 years

Carbon Stored: 6.2 tonne

Total Pollution removed: 5.3 kglyr

Structural Value: A$56,891.00
28




Table4 Waite ArboretumSurvey- Top 40 specimenwith the greatest PM s removal and the

corresponding leaf area

Tree ID Scientific Name Common Name PM2.5 removalg/yr) Leaf Area ()
1201G | Eucalyptus cladocalyx Sugar Gum 72.7 4,586
1201D | Eucalyptus cladocalyx Sugar Gum 66.9 4,222
2153 Eucalyptus cladocalyx Sugar Gum 57.2 3,606
1880 | Araucaria bidwillii Bunya Pine 56.0 3,530
1201J | Eucalyptus cladocalyx Sugar Gm 536 3,383
2144A | Pinus canariensis Canary Island Pine 53.4 3,371
1201K | Eucalyptus cladocalyx Sugar Gum 52.2 3,290
41 Eucalyptus cladocalyx Sugar Gum 51.2 3,229
1201L | Eucalyptus cladocalyx Sugar Gum 50.9 3,211
1201M | Eucalyptus cladocalyx Sugar Gum 48.7 3,072
1201E | Eucalyptus cladocalyx Sugar Gum 48.2 3,039
2100 Eucalyptus cladocalyx Sugar Gum 47.6 3,004
1201F | Eucalyptus cladocalyx Sugar Gum 46.6 2,938
1201A | Eucalyptus cladocalyx Sugar Gum 44.3 2,797
1A Pinus canariensis Canary Island Pine 429 2,709
37 Corymbia citriodora Lemonscented Gum 42.6 2,687
2150D | Eucalyptus cladocalyx Sugar Gum 42.4 2,672
1201C | Eucalyptus cladocalyx Sugar Gum 42.3 2,666
2149 Eucalyptus cladocalyx Sugar Gum 42.1 2,654
21 Eucalyptus microcarpa Grey Box 41.5 2,619
1201B | Eucalyptus cladocalyx Sugar Gum 41.4 2,609
1522 Eucalyptus microcarpa Grey Box 40.4 2,546
2118 Pinus canariensis Canary Island Pine 40.3 2,544
2114 Pinus canariensis Canary Island Pine 39.3 2,478
2110 Pinus halepensis Aleppo Pine, Jerusalem Pine 38.6 2,433
1562 Caymbia variegata 38.4 2,426
2144D | Plaanus x acerifolia London Plane 37.8 2,386
2152 Eucalyptus cladocalyx Sugar Gum 37.0 2,333
2150L | Eucalyptus cladocalyx Sugar Gum 36.6 2,311
2143E | Eucalyptus cladocalyx Sugar Gum 36.4 2,299
948 Ficus rubiginosa Port Jackson Fig, Rusty Fig 36.2 2,284
101 Eucalyptus cladocalyx Sugar Gum 35.2 2,220
1637 Eucalyptus dawsonii Slaty Gm 35.2 2,219
2124 Pinus pinea Stone Pine 33.9 2,142
2106 Pinus canariensis Canary Island Pine 33.9 2,141
2140 Pinus jnea Stone Pine 33.8 2,135
3248 Corymbia citriodora Lemonscented Gum 334 2,109
2144B | Eucalyptus camaldulensis| River Red Gum 32.9 2,078
2153A | Eucalyptus cladocalyx Sugar Gum 32.3 2,039
535 Araucaria bidwillii Bunya Pine 31.9 2,010

*Deciduous
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Figure 10 Waite Arboretum Survey Top 40 species for fine particulate matter (BN removal.
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The monthly pollution removal in kilograms and corresponding value (A$) of each pollutant
analysed are shown fRigures 1@ 16. Figures 1X; 16 weresourced directly from thé&!Tree

EcoAnalysig; Benefits Summagyaccessed 3 August 2017)

Fgure 11 Pollution removalin Waite Arboretum Surveyn kilograms/ month.
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Figure 12 Pollution Removal in Waite Arboretum Survey in A$ value / month.
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Pollution Rernoval value is calculated based on the prices of AS0.02 per kilogram (CO), A30.61 per kilogram (NO2), A434.11 per kilogram [03), A5142.61 per kilogram (PM2.5),

450,22 per kilogram (502)
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Figure 13 Pollution removal (CO) in Waite Arboretum Survey by month.
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Figure 14 Pollution removal (ND;) in Waite Arboretum Survey by month
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Figure 15 Pollution removal @pin Waite Arboretum Survepy month.
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Figure 16 Pollution removal (PN in Waite Arboretum Survepy month.
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Figure 17 Pollution removal (S€) in Waite Arboretum Survey by mah.
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3.2.2 Carbonsequestration and storage

Carbon sequestration is the removal@® gasfrom the airby plants and its storage as
carbohydrates Forests have a vital role in mitigating climate change by sequestering
atmosphericCQ, a greenhouse gasAs trees add new growth they increasingly sequester
carbon Toderive anestimateof the gross amount of carbon sequestered annuadiireeEco
uses

1 Species to identify biomass equations

¢ Diameterat Breast Height (DBH) and @bHeight- to calculate tree biomass and

¢ Condition (% dieback) and Crown Light Expodi@EE) to adjust growth rates

The total annual carbon sequestration of the surveyed Arboretum trees was estimated to be
34.3 tonnes/year. The three species wiselgquestered most carbon were English Elimus
procera Sugar Guriucalyptus cladocalyand Lemorscented GunCorymbia citriodoralue to

the large numbers of specimensthe Arboretumand their size. The 71 English EIms
sequestered approximately 10.2%all sequestered carbon. The 40 species estimated to
sequester the most carbon annually and their respective amount of carbon stored are shown
Figure 1&nd listedin Table Svith A$ value. The total amount of carbon sequestered by the
surveyed tres is 34.5 tonnes/year which has a value of A$783/year.

Carbon storage is the amount of carbon sequestered from atmosphesiar@iGstoredas
carbohydratesn the roots, trunk, branches and leaves of the plants. Tlfre@Ecosoftware
calculatal the biomass of each tree using equations from the literature and measured tree data.
Opengrown, maintained trees tend to have less biomass than predictdtidoforest equation
(Nowak1994)so opengrown urban trees are multiplied by 0.8. Tree-argight bomass is
converted to stored carbon by multiplying by 0.5.
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Sugar GumEucalyptus cladocalyrpresented 23 of the 25 specimens storing the most carbon,
with Port Jackson Flgcus rulinosa(Arboretum tree #948) and Grey BBxcalyptus

microcar@ (#2125A the othermajor contributors The total carbon stored in the Arboretum
surveyed trees was calculated to be 1,167 tonnes which is equivalent to the annual carbon
emissions from 910 vehicles or from 373 single family hous&sgyar Gums accounted for
approximately 23.3% of the tota

Port Jackson FigFicus rubiginosa J. Gardner

As trees mature their vigour declines, growth rate slows tweccanopy tends to thin. This has
led to the longheld assumptions that the amount and rate of carbon sequaigin offered by
older trees will declingSeed Consulting 2016 Stephensorand colleagues (20)4nalysed

data on 673,046 trees from 403 speciesnonitored forest plots in both tropical aneémperate
areas around the world, includirg® species in Aatralasiaand found thatlarge, old trees do

not act simply as senescent carbon reservoirs,daibed the most mass each year in 97% of the
species The study published iNaturecalculated a 52old greater average mass growth rate

of trees 100 cm iiameter compared to those 10 cm in diameter. Thus although growth
efficiency per unit of leaf area often declines with increasing treeasideage increases in the
GNBSQa G2aGFt €SFF | NBI 2-ueé tdibeh Bccunkilatian teR& Ot Ay S |
increase.

In the Waite Arboretum tree surveyhowever,none of the 55 trees storing the most carbon had
a sequestration rate of > 100 kg/year. The range was9kg with an average of 48 kg/year,
much less than the ten specimens with theeatest sequestrationTable5). This may be
explained by the fact that many of the mature Sugar Gums, especially those planted jn 1877
went into sharp decline in years of below average raif8l06-2015)and lost substantial
branches and canopy.

As trees decline in health, die and decay, much of the stored carbon is released back into the
atmosphere. Maintaining healthy trees will keep the carbon stored and maximize their
environmental benefits Fowever, tree maintenance (g. use of machinery and fuel) can
contribute to carbon emission®owaket al. 20029. When a tree dies, using the wood in leng
term wood products, to heat buildings or to produce energy will help to reduce carbon
emissions from wood decomposition or frdwssitfuel power plants.

Carbon storage and sequestration values are based on estimated or customized local

carbon values. For this analysis, carbon storage and carbon sequestrfatien
Waite Arboretum Survellave been calculated based on A$2@e8 tonne.
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Table5 Waite Arboretum Survey, Top 40 specimenwith the highest rate of carbon

sequestration the corresponding amount of carbon storeahd A$ value

T'rAer:.ID ScientificName CommonName IZ; s/eyqr. stok(?ed C:;re
431A Quercus suber Cork Oak 129 3,6977 83
437 Quercus canariensis Algerian Oak 118 3,189 72
886 Quercus canariensis Algerian Oak 115 3,029 69
2153 Eucalyptus cladocalyx Sugar Gum 111 4,087 93
431A Eucalyptus camaldulensis River Red Gum 110 3,623 82
2156 Eucalyptus cladocalyx Sugar Gum 109 4,103 93
1637 Eucalyptus dawsonii Slaty Gum 107 3,327 75
1862 Eucalyptus leucoxylon Blue Gum 107 3,764 85
2196A Schinus areira Pepper Tree 107 3,405 77
2154A Eucalyptus cladocalyx Sugar Gum 106 3,901 88
21 Eucalyptus microcarpa Grey Box 106 3,960 90
2728 Eucalyptus cypellocarpa Mountain Grey Gum 105 3,164 72
2157 Eucalyptus cladocalyx Sugar Gum 103 3,047 69
2150A Eucalyptus cladocalyx Sugar Gum 102 4,070 92
242B Brachychiton rupestris Bottle Tree 102 2,965 67
887 Quercus ilex Holly orHolm Oak 102 2,514 57
248 Brachychiton australis Broadleaved Bottle Tree 98 2,938 66
214D Eucalyptus cladocalyx Sugar Gum 95 4,346 99
1507A Eucalyptus baueriana Blue Box 95 4,162 94
2173 Acacia salicina Broughbn Willow 95 2,740 62
57 Eucalyptus astringens Brown Mallet 94 2,740 62
199 Ficus brachypoda Smallleaved Rock Fig 93 2,569 58
971 Phytolacca dioica Bella Sombra, Pokeberry 92 2,532 57
2145B Eucalyptus camaldulensis River Red Gum 92 4,398 100
1143 Ulmus procera English EIm 92 2,956 67
6 Brachychiton x roseus Wentworth Flame Tree 90 2,384 54
540 Afrocarpus falcatus Outeniqua, Yellowwood 88 2,441 55
1522 Eucalyptus microcarpa Grey Box 87 4,749 108
88B Eucalyptus viminalis subsp. cygnetensis | Roughbarked Manna Gum 84 3,041 69
1602 Eucalyptus bridgesiana x E. nortonii 83 2,191 49
1617 Eucalyptus sideroxylon Mugga, Red Ironbark 83 2,187 49
862 Pistacia chinensis Chinese Pistachio 83 2,199 50
1562 Corymbia variegata 82 2,227 50
34 Corymbia variegat 82 2,172 49
2184 Acacia salicina Broughton Willow 81 2,102 47
1911B Eucalyptus spathulata Swamp Mallet 81 2,150 49
2144D Platanus x acerifolia London Plane 80 1,934 44
1120 Ulmus procera English EIm 80 2,287 52
242A Brachychitorrupestris Bottle Tee 79 1,946 44
2749 Eucalyptus cypellocarpa Mountain Grey Gum 78 1,915 44
Valuing the Waite ArboretunBouth AustraliaSeptember 2017 36




Figure 18 Specimens with the highest rate of carbon sequestration and the corresponding carbon stored.
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3.2.3 Oxygen production

Oxygen production is one of the most commonly cited benefits of trees. The annual oxygen
productionof a tree through photosynthesis is directijated to the amount of carbon
sequestered by the tree and the accumulation of tree biomaSarther details are given in
Appendix 1 The top 20 oxygen producirspecies are listed ihable 6.

Table6 Top oxygen producingpeces / genera
Sourceg i-TreeEcsystemAnalysidVaite Arboretum Inventory June 2047

Gross Carbon

Oxygen Sequestration Number of Leaf Area
Species (tonne) (kilogram/yr) Trees (hectare)
Ulmus procera 9.37 3,512.43 71 9.19
Eucalyptus cladocalyx 6.56 2,460.28 60 10.42
Corymbia citriodora 5.51 2,066.12 54 7.18
Eucalyptus camaldulensis 2.25 842.99 17 1.54
Eucalyptus 2.11 792.22 34 1.34
Pinus canariensis 1.86 658.49 22 3.08
Brachychiton acerifolius 1.62 608.81 14 0.68
Quercus canariensis 1.48 555.98 9 0.80
Eucalyptus microcarpa 1.36 511.69 11 1.10
Pyrus 1.24 466.52 37 0.49
Quercus 1.21 453.77 13 0.43
Pinus halepensis 1.16 434.36 15 1.56
Pinus pinea 1.15 431.03 13 1.74
Araucaria bidwillii 0.78 291.26 7 1.36
Magnoliopsida 0.76 286.69 11 0.25
Corymbia 0.76 284.89 6 0.42
Syzygium paniculatum 0.71 264.63 6 0.37
Araucaria cunninghamii 0.68 254.26 5 0.31
Flindersia australis 0.66 248.27 4 0.36
Eucalyptus astringens 0.61 230.46 6 0.36

Surveyedrees in Waite Arboretum are estimated produce 91.5 tonnes ajxygena year.
However, this tree benefit is relatively insignificant because of the Jagjatively stable

amount of oxygen in the atmosphere atite productionof oxygenby aquatic systems. If all
fossil fuel reserves, all trees and all organic matter in soils were burned, atmospheric oxygen
would only drop a few percenBfoecker 1970)

3.2.4 Volatile Organic Compounds (VOCs) emission

Trees emithe volatile organic compoundd®/OCs)isoprenes and monoterpengwhich are
precursor chemicals tozone formation Hbowever, in atmospheres with low nitrogen oxide
concentrations (e.g. someiral environments), VOCs may remove oz@dewsk 200). Total
VOC emissions atemperaturedependent An increase in tree covédeads to reducedir
temperatures which in tursignificanly reduces daytimeozone concentrationgNowaket al.

2000) Integrative studiehaveshownthat trees, particularly low VOC emitting species, can be
a viable strategy to help reduce urbarmonelevels(Nowaket al. 2014. Stress on trees can
increase overall VOC emissi#fhshich isanother reasorto maintain healhy trees.

26 https://instaar.colorado.edu/outreach/treesaind-vocs/index.html
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Recent research by tHeLOUD experiment, a collaboration between around 80 scientists at the
CERN particle physics lab near Genbaschanged our understanding of the role trees play in
cloud formation. Most cloud droplets require tiny airgo6 LJ- NI A Of Sa G2 I Ol
more seeds, the more droplefsrm and the more sunlighis reflected away from the Earth.
Gaseousdrpeneemissiondrom treesclumptogether, helping with new airborneparticle

formation andhence cloud formationpcontributing to thecooling of the planet(Gordon and

Scott, 2016).

In total, the Waite Arboretum surveyed treemitted an estimated 2.B5tonnes ofVOCs2.01
tonnes of isoprene and 065tonnes of monoterpenes The iTreeEcoAnalysis lists the total
VOC emissions in glyear for each specimé&missions vargetweenspecimensbased on
species characteristi@nd amount of leaf biomassYOC emissions are correlated with canopy
area, therefore a rate of g/year/Atanopy area was calculated a more maningful indicator

of efficacy of different species

Genera in the Waite Arboretum surveyth high monoterpendormation includeAcacia
CedrusCorymbiaEucalyptusindPinus Genera with high isoprene formation include
CasuarinaCorymbiaEucalypts, Ficus Pinus Platanusand Quercus Somespecieswith a high
rate of VOC emissions.g.Eucalyptus cladocaly88 g/year/nt canopy areaplso haethe
highestrates of ozone reduction

Genera and species with high environmental benefits (pollutionaeal, shade and avoided
runoff) and a suitable size for street and amenity planting with low calculated rates of total VOC
emissions (<5g/yearh? canopy arepare presentedn Table7.

Table7 Waite Aboretum Survey; Generaand speciesvith the lowest rates of total VOCemissions

Genus | Species

AUSTRALIANATIVE

Brachychiton acerifolius, australis, discolour, populnexysoseus
Corymbia calophylla, citriodora

Ficus brachypoda,. macrophyllarubiginosa
Flindersia australis, maculosa, xanthoxlya
Hymenosporum flavum

Lophostemon confertus

Melaleuca styphelioides

Mischocarpus pyriformis

Podocarpus elatus

Syzygium paniculatum

EXOTIC

Fraxinus americana

Gleditsia triacanthus

Jacaranda mimosfolia

Lagerstroemia indica

Melia azedarach

Nuxia floribunda

Photinia serrulata

Paulownia tomentosa

Pyrus species

Ulmus procera
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3.25 Avoided runoff

Trees have been shown to intercept large volumes of rainwater, significantly reducing stormwate
runoff. Trees can also increase soil infiltration as the leaves and branches intercept, absorb and
temporarily store wateibefore it evaporatesallowing gradual infiltrationnto the soil(Beecham

and Lucke015)

In - TreeEcoanalygs annual avoide surface runoffs calculated based on rainfall interception by
vegetation, specifically the difference between annual runoff with and without vegetation.
Although tree leaves, branches and bark may intercept precipitation and thus mitigate surface
runoff, only the precipitation intercepted by leaves is accounted for in this asaly@ie value of
avoided runoff is based on user defined local valdesthe Waite ArboretuntSurvey. Avoided
run-off value was calculated based on the price of A$2.26ZAppendix 1)

Inthe Waite Arboretunmsurveythe avoided surface runoff vgacalculated for an annual rainfall of
120 mm. However, he AustralianGovernmentBureau ofMeteorology station, AdelaideNaite
Institute - Station 023031vhich operated 1925 t4999 adjacent to the Waite Arboretum,

recorded a averageannualrainfallover the74 yearsof 618 mm. The iTree Eco model use
weather from the National Climatic Data Center (NCDI@)cal climate data derived from six hour
precipitationeventswere converted to one hourly events to be integrated into timedel's
underlying database.This resulted in thavoided runroff valuebeingunderestimated in rost

cases for Australian citi&s Figure 19 shows avoided runoff based on the 120 mm annual Hainfa

Figure 19 Avoided runoff and value for species with the greatest overall impact on runoff.
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27 Email orrespondence from Al ZelayaTiee Technical Services dated 24 May 2017
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3.26 Environmental Benefit®verviewc Value in dollars and sense

Trees have been consistently undervaldadur modern urban environmentThey are &en

only seen asauses ohegative outcomes such as damage to buildiawgg infrastructure
(particularly during storm events or oftenigtakenly root system invasiojyghe production of
leaf litter (clogging up drains) and fruit fall causing potential slip hazard to pedestrians.
addition, trees are seen asmpediments toroad safety However if properly selected,
adequately spaced and prungithey do not crege major visibility problem¢Sanderst al.

2012, Dixon and Wolf, 2007 Roadside trees are also unfairly blamed for damage to vehicles
and injuries to people, ten in fact the tree collision @mplythe outcome of a vehicle

running off the roadHeart Foundation 2017)

There is a growing body of scientific research that is showing that trees in our urban
environment are vital to the health and wellbeing of pd®and an essential component for
liveable citiegMitchell and Popham 200®e Vriet al. 2003). The climate is steadily
GFENXYAY3I YR GoAf RAYIAES AYyOtdzZRAY3I Fy | LILI NBy
0 2 Y & &éatler 2016). Consideringhe changes to climate and the increased frequency of
extreme weather events such as heat waves stodms, urbargreen spaces contribute to the
resilience of cities facing these often cosibjcurrencegDavernet al. 2019§. The iTree Eco
analysis preides quantified dollar values for specific services provided by tremsricity and
urban environments. These services are calculated undefalfowing criteria

9 Air Pollution Removal (Air quality improvement)

i Carbon Storage and Sequestratigngeniouse gagmission reduction)

9 Stormwater management (Avoided runoff)

From the analysjghe top 40 performers (in relation to total value of environmental benefits)
were selecteqTable8). The average Diameter at Breast HeigbBH)n this selectioris 136
cm. Large healthy trees with diameter greater tharcitVremove approximately 70 times
more air pollution annually than small healthy trees less tham8@ndiameter Nowak2002).

The overall rated condition ofthe heillt 2 ¥ (KA A& aSt SOGA2y NIy3aSa TN

WOEOStfSYyiliQ 6nTop:rod

Research has also shown that older larger trees can provide up to 60 times greater pollution
reduction benefit than smaller trees (Heart Foundation 2017). For the Top 40 treesweith t
highest environmental benefits ifiable8, the average age is 111 years, with a minimum age of
48 and a maximum of 140 years.

Natural hydrological processes are dramatically altered by impervious surfaces such as roads
and buiding. Green spaces andermeablesurfaces slow and filter rainfall run off, improving
water quality, reducing flooding and waterwpyllutants (Daverret al. 2016). In relation to
stormwater management (avoided runoff) the Top 40 trees reduced rainfabff by 1,070

(an average of 2ih3/tree) with a total dollar value of A$2,424However, the actual amount of
avoided runoff is greater than this because, as noteskittion3.25, the i TreeEcocalculation

is based on a rainfall of 120 mm whistonly 16% of the 74 year average annual rainfall of 618
mm at the Waite Arboretum.

28 hitp://metro.co.uk/2015/08/20/watch-rare-rain-bomb-explodeover-arizonaat-150mph5351672/
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When assigning dollar values to the environmental services provided by, tife=extent of the
value of trees in our cities and urban emriments is sometimes neglexd. Tees can do so
much more than simply reduce the cost of providing claaiand comfortable living spaces.
Noise buffering is a major benefit provided by tréesvhich itis difficult toassigra dollar

value Lage trees attenuate lowrequeng/ noise such as traffic rumble, while vegetation belts
of 1.5- 3mwidth can significantly reduce perceived and actual noise directly (e.g. absorption)
and indirectly (e.g. reduced winh@Daverret al.2016)

The environmental benefits of each tree suredyare available on ArcGIS onlinemép A G S | NDb
Ly @S yHit@/N#ods/1iTTCy

This map shows all of the surveyed trees and the environmental benefits assigned to each as a
result of the iTree Eco analysihis information can be accessed by zooming in and clicking on
the polygon to select an individual tree, which will then open a dialogue box displaying these
details

Arboretum Tree ID

Height

DBH

Tree Age

Scientific Name

Common Name

Canopy Area (&)

Structural Value

Carbon Stored

Carbon Sequestered

Total Pollution Removal

=4 =4 =4 =4 =8 -8 -8 -8 -8 -9 9

Height 11m
DBH 89cm
Canopy area: 568 nt
Age: 89 years
Carbon Stored: 2.6tonne
Pollution removed: 2 kg/yr
Structural Value: A$25,047

Small Leaved Rock Figicus brachypod#199 Photo: J. Gardner
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Table8 Waite Arboretum Survey, Top 40 specimens with the highesbfal Environmental Benefits A$ value

TotC Leaf Can.

Arb C Seq. | Stored | Air PR | Tot EBs | Area Ht Area
Tree ID | Scientific Name Common Name (kglyr) (kg) (alyr) | (ASlyr) | (m?) (m) | (m?) SV (A$)
1201G | Eucalyptus cladocalyx Sugar Gum 10| 6,237| 7,155 $43 | 4,586 35 891 54,671
1201D | Eucalyptus cladocalyx Sugar Gum 14| 6,190 | 6,588 $40 | 4,222 32| 1,169 54,79
2153 Eucalyptus cladocalyx Sugar Gum 111 | 4,087 | 5,627 $36 | 3,606 31 844 31,839
1880 Araucaria bidwillii Bunya Pine 70| 3,331| 5,508 $35| 3,530 27 401 | 46,188
2144A | Pinus caariensis Canary Islands Pine 71| 3,283| 5,259 $33| 3,371 29 760 | 46,553
1201J Eucalyptus cladocalyx Sugar Gum 10| 6,175| 5,279 $32 | 3,383 34 718 56,891
1201K | Eucalyptus cladocalyx Sugar Gum 10| 6,170 | 5,134 $31| 3,290 27 743 58,135
41 Eucalyptus cladocalyx SugarGum 19| 6,032| 5,038 $31| 3,229 28 686 49,489
1201L | Eucalyptus cladocalyx Sugar Gum 12| 6,157 | 5,010 $31| 3,211 28 624 | 58,941
1201M | Eucalyptus cladocalyx Sugar Gum 10| 6,159| 4,793 $29 | 3,072 33 706 | 57,921
1201E | Eucalyptus cladocalyx Sugar Gum 12 | 6,153 | 4,741 $29 | 3,039 30 688 | 58,779
2100 Eucalyptus cladocalyx Sugar Gum 12| 6,145| 4,686 $29 | 3,004 37 543 55,001
1201F | Eucalyptus cladocalyx Sugar Gum 14| 6,136| 4,585 $28 | 2,938 30 591 | 53,901
21 Eucalyptus microcarpa | Grey Box 106 | 3,960 | 4,086 $27 | 2,619 25 647 30,884
1A Pinus canariensis Canary Islands Pine 64 | 2,633| 4,227 $27 | 2,709 32 499 | 40,216
37 Corymbia citriodora Lemonscented Gum 66 | 1,469 | 4,192 $27 | 2,687 20 769 15,338
1201A | Eucalyptus cladocalyx Sugar Gum 14| 6,065| 4,365 $27 | 2,797 27 633 53,820
2150D | Eucalyptus edocalyx Sugar Gum 57| 4,487| 4,168 $26 | 2,672 30 658 34,439
2149 Eucalyptus cladocalyx Sugar Gum 45 | 5,240| 4,140 $26 | 2,654 31 679 38,941
1522 Eucalyptus microcarpa | Grey Box 87| 4,749| 3,973 $26 | 2,546 22 629 | 35,592
1201C | Eucalyptus cladocalyx Sugar Gum 14| 6,113 | 4,159 $25| 2,666 30 676 56,451
1201B | Eucalyptus cladocalyx Sugar Gum 10| 6,135| 4,070 $25| 2,609 30 533 61,197
1562 Corymbia variegata 82| 2,227| 3,785 $25| 2,426 25 569 | 20,662
2118 Pinus canariensis Canary Island Pine 31 884 | 3,969 $25| 2,544 25 496 17,466
2114 Pinus canariensis Canary Island Pine 52| 2,003| 3,866 $25| 2,478 30 457 33,298
2144D | Platanus x acerifolia London plane 80| 1,934| 3,723 $24 | 2,386 18 518 | 17,736
2110 Pinus halepensis AleppoPine 45| 1,599 | 3,796 $24 | 2,433 21 673 32,599
1637 Eucalyptus dasonii Slaty Gum 107 | 3,327 | 3,463 $23| 2,219 22 450 | 28,680
2150L | Eucalyptus cladocalyx Sugar Gum 48 | 5,710| 3,605 $23| 2,311 32 441 43,113
2152 Eucalyptus cladocalyx Sugar Gum 16| 5,990 3,640 $22.| 2,333 31 443 | 48,416
2144B | Eucalyptus camaldulensi{ River Red Gm 110 | 3,623| 3,243 $22| 2,078 19 486 29,587
2143E | Eucalyptus cladocalyx Sugar Gum 13| 6,015| 3,587 $22 | 2,299 28 473 50,360
948 Ficus rubiginosa Port Jackson Fig 13| 5,965| 3,563 $22| 2,284| 18 566 | 60,966
101 Eucalyptus cladocalyx Sugar Gum 37| 5,291 | 3,464 $22 | 2,220 25 718 39,135
3248 Corymbia citriodora Lemonscented Gum 75| 1,875| 3,291 $22| 2,109 29 425 18,023
2140 Pinus pinea Stone Pine 50| 2,153 | 3,331 $21| 2,135 20 610 37,149
2124 Pinus pinea Stone Pine 44 | 1,545 3,341 $21| 2,142 21 458 32,229
2106 Pinus canaensis Canary Island Pine 42 | 1,308 | 3,340 $21| 2,141 28 394 | 25,215
1617 Eucalyptus sideroxylon Mugga, Red Ironbark 83| 2,187 | 3,096 $21| 1,985 23 402 20,796
2153A | Eucalyptus cladocalyx Sugar Gum 59 | 4,233 | 3,182 $21| 2,039 28 564 | 33,281
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Green spaces in citiesdrease biodiversity and a diversity of understorey and canopy
vegetation with leaf litter, long grass, logs, streams and ponds provide habitat structure which
is of critical importance to animal diversity. Thei@&rboretum has all of these agseand

this is reflected in the wildlifenwventorylisted in Section 4.3.

Northwest Waite Arboretum ecalypts with native understorey Photo: J. Gardner

Located only five kilometres from th@entral Business Distriof Adelaidethe 27 hectares of

the Wate Arboretum provide substantial public green space in an otherwise highly urban
environment. Trees in Waite Arboretum proviehelltiple benefits tothe surroundingarea its

occupants and visitors.

Northeast Waite Arboretum Idang east to the Adelde Hills Photo: J. Gardner

Valuing the Waite Arboretun§outh AustraliaSeptember 2017 44



3.3 Structural Value

Structural \lue is the value of a tree baden the physical resource itself (e.g. the cost of
having to replace a tree with similar tree). Structuraldiues were based on valuation
procedues of theCouncil of Tree andahdscape Appraisers, which uses tree species,
diameter, condition and local informatigiNowaket al. 200232002b). Table9 lists the 40
specimens in the survey which have the greatest Structural Value.

In summarythe top 40 specimens have an
1 Average Structural Value: $40,968

1 Average Height: 27 metres
1 Average Leaf Area: 2,725 square metres
1 Average Canopy Area: 606 square metres

The structural value of each tree in the Waite Arboretum survey (50% obilextion) is given in
ArcGIS Online magtp://arcqg.is/LITTCy The total of the Structuraldlue is estimated to be
A$13 million.

Stone Pineg Pinus pinea#304 rative to the Iberian Peninsula of Southern Europe Photo: J. Gardner

Height: 16 m DBH: 133 cm Canopy Area: 710 Age: 49 years
Structural Vale: A$43,727 Carbon Stored: 2.4 tonnes Carbon Sequestered: 55 kg/year
Total Pollution Removed: 2.6 kglyear
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Table9 Waite Arboretum Survey specimens with the highest Structural Value
and corresponding height and DBH

T'rAerg.lD Scientific Name Common Name 3;3??;2) H(eni1g)ht I(?:E:;
1201B | Eualyptus cladocalyx Sugar Gum $61,196 30 211
948 Ficus rubiginosa Port Jackson Fig, Rusty Fig $60,965 18 198
1201L | Eucalyptus cladocalyx | Sugar Gum $58,941 28 196
1201E | Eucalyptus cladocalyx | Sugar Gum $58,779 30 196
1201K | Eucalyptus cladocalyx | Sugar Gum $58,135 27 211
1201M | Eucalyptus cladocalyx | Sugar Gum $57,920 33 210
1201J | Eucalyptus cladocalyx | Sugar Gum $56,890 34 203
1201C | Eucalyptus cladocalyx | Sugar Gum $56,450 30 184
2140E | Eucalyptus cladocalyx | Sugar Gum $55,325 29 178
2100 | Eucalyptus cladocgk Sugar Gum $55,001 37 170
1201D | Eucalyptus cladocalyx | Sugar Gum $54,798 32 176
1201G | Eucalyptus cladocalyx | Sugar Gum $54,670 35 190
1201F | Eucalyptus cladocalyx | Sugar Gum $53,900 30 186
1201A | Eucalyptus cladocalyx | Sugar Gum $53,820 27 172
2143E | Eucayptus cladocalyx | Sugar Gum $50,360 28 159
41 Eucalyptus cladocalyx | Sugar Gum $49,489 28 151
2152 | Eucalyptus cladocalyx | Sugar Gum $48,415 31 148
15 Ficus macrophylla Moreton Bay Fig $46,944 15 143
2144A | Pinus canariensis Canary Islands Pine $46,552 29 137
1880 | Araucaria bidwillii Bunya Pine $46,188 27 136
2141B | Eucalyptus cladocalyx | Sugar Gum $46,177 25 145
12011 | Eucalyptus cladocalyx | Sugar Gum $44,231 28 150
2146A | Eucalyptus cladocalyx | Sugar Gum $43,834 19 134
304 | Pinus pinea Stone Pine $43,726 16 133
183 Ficus rubiginosa Port Jackson Fig, Rusty Fig $43,655 14 134
2150C | Eucalyptus cladocalyx | Sugar Gum $43,112 21 132
2150L | Eucalyptus cladocalyx | Sugar Gum $43,112 32 132
1621 | Eucalyptus microcarpa | Grey Box $41,410 15 154
2125A | Eucalyptus cladocaty Sugar Gum $41,272 21 137
1A Pinus canariensis Canary Islands Pine $40,216 32 121
28 Eucalyptus cladocalyx | Sugar Gum $40,189 26 123
2151 | Eucalyptus cladocalyx | Sugar Gum $39,727 24 123
542 Pinus halepensis Aleppo Pine, Jerusalem Pine| $39,563 23 122
101 Eucalyptus cladocalyx | Sugar Gum $39,135 25 125
2149 | Eucalyptus cladocalyx | Sugar Gum $38,944 31 121
2150K | Eucalyptus cladocalyx | Sugar Gum $38,548 24 120
1208 | Eucalyptus microcarpa | Grey Box $38,156 9 122
287 Pinus sabiniana Digger Pine $37,966 24 118
2126A | Eucalyptus cladocalyx | Sugar Gum $37,748 21 118
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Other Values and Benefitd Waite Arboretum

i-Tree Eco valuations of trees in the urban forest, while useful to compare with other more
traditionally valued built assets, inevitably undervalvestsbecause they do not incorporatae
full suite of beneficial services provided by trees such as aesthetics, biodimgihabitat higher
propetrty values, economic prosperity aetthanced human health and wellbeffig

Additional values and benefitsf the Waite Arboretumare described below.
4.1 Experimental value

4.1.1 Diversity of the collection

From the outset, the main aim of the Waite Arboretum was to evaluate the performance of a wide
range of specieBom around the worldo assess theihabits of growth and suitability to its soils and
climate- which is typical of much of settled sou#fastern Australia The Arboretuncollectionof
2,500specimengepresents 1,000 species in 2@&neraand 61 families

The climate in Adelaide is dedmd as Mediterranean, with hot dry summers and cool wet winters
and the Arboretum is dominated by species from homoclimes such as the eastern Mediterranean,
Canary Islands, southern California, South Africa and Chitemain collectionsare eucalypts
(Eucalyptus, Corymbia, Angimora) 360 taxa) oaks Quercués0 taxa) pears Pyrug30 taxa)
arborescent dragon treeBracaend7 taxa), palms and cycads.

Cape Chestnutalodendrum capengi380¢ Native to SouthAfrica Photo:J. Gardner

29 Tree Ecosystem Services Assessniadyge Park8 March 2016Seed Consulting Services
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