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Key D efinitions  
Urban  areas : are defined as settlements with 

a resident population over 10,000 (Defra, 

2016 a) . They  can be  characterised  by the 

presence of buildings, roads and railways; a 

centre of commerce, industry and 

entertainment; a preponderance of concrete 

and tarmac; atmospheric pollution; and a 

population which does not engage in 

agriculture.  

Urban forest : is defined as óall the trees in the 

urban realm ï in public and private spaces, 

along linear routes and waterways, and in 

amenity areas. It contributes to green 

infrastructure  and the wider urban ecosystemô 

(Doick et al., 2016 a) . 

i - Tree  Eco :  developed as the urban forest 

effects (UFORE) model in the 1990ôs to assess 

impacts of trees on air quality . It h as become 

the most complete tool available for analysing 

the urban forest , and has been used in over 

100 cities and 60 countries by urban foresters, 

comm unities and businesses to manage urban 

forest s effectively. Eco is a useful tool to 

discover, manage, make decisions on and 

develop a strategy concerning trees in Cardiff ôs 

urban landscape.   

Natural capital :  refers to the elements of the 

natural environment  ï such as the trees and 

shrubs of an urban forest  -  that provide goods, 

benefits and services to people , such as clean 

air, food and opportunities for recreation. As 

the benefits provided by natural capita l are 

often not marketable , they are generally 

undervalued and inventories limited. This can 

lead to poor decision making about the 

management and maintenance of natural 

capital.  

A full Glossary is provided on page 9 4 . 
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Executive Summary  
Urban  trees form a  resource that  provide s 

a range of benefits  to human  populations  

living in and around cities . T ermed 

ecosystem services , the benefit s provided 

by urban trees help to offset many  of the 

problems associated with increased urban 

development . Trees improve local air 

quality, capture and store carbon, reduce 

flooding and cool urban environments. 

They provide a home  for animals, a space 

for people to relax  and exercise , and they 

can improve social interrelation  in 

communities . These  benefits , however , 

are  directly influenced by the 

management act ions that impact upon  the 

overall structure, composition and vitality 

of the urban forest resource.   

A tool well - known  for assessing  and 

evaluating urban forests ï i-Tree Eco v6.0  

ï was used t o gain  a better understanding 

of the make -up of Cardiff ôs urban forest  

and some of the benefits it  provide s. This  

information can act as a baseline from 

which to understand threats, set goals and 

monitor progress  towards optimising the 

resource . Through i -Tree Eco  some  of the 

benefits provided by urban forests cannot 

only be determined , but also  value d. 

Valuing the services provided by the urban 

trees of Cardiff  can  allow Cardiff  Council  to 

increase the profile of its  urban forest , and 

thereby help to ensure its value is 

maintained and improved upon.  

The data pres ented in this report  provides 

detailed inform ation on the structure of 

Cardiffôs urban forest,  its composition , 

condition  and public amenity value . It 

demonstrates that r esidents of and 

visitors to Cardiff  benefit significantly from 

urban trees . 

I n terms o f avoided water runoff,  carbon 

sequestration and the removal of t hree  

types of air pollutants , Cardiff ôs urban 

forest provides ecosystem services  

worth £ 3.31  million  per year . This  

value  is astonishing , yet it is an 

underestimate  as it excludes many 

ecosystem services that i-Tree Eco  cannot 

currently assess , including cooling local air 

temperatures and reducing noise 

pollution.   

This study captures a snapshot - in - time. It 

does not consider how the urban forest 

has or might change over tim e, or the 

reasons for this  change . However, it does 

provide a means to make informed 

decisions on how the structure and 

composition of Cardiffôs urban forest 

should change in the future , and  how to 

ensure that it is resilient to the effects of a 

changing c limate .  

The study was funded by Cardiff City 

Council  and the Welsh Government  and 

carried out by  Forest Research.  
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Cardiff i -Tree Eco Headline Facts and Figures   

Structure and composition of the Urban Forest  in 2017  

Total number of trees (estimate)  1,410,000   

Pg 20 Urban tree density (estimate )  (trees per hectare)  100  

Total tree canopy cover (estimate)  18.9%  

Number of tree species surveyed  73  

Pg 2 2 

Top three most common species surveyed  Common ash (11%)  

Sycamore (10%)  

Common beech (8%)  

Land uses where a greater % of surveyed trees 

were found  

Agriculture, including 

woodlands (34%)  

Park land  (24%)  

Residential (17%)  

Proportion of surveyed trees of different sizes (by 

dbh)  

7-20 cm (43%)  

20 -40 cm (37%)  

40 -60 cm (14%)  

60+ cm (7%)  

Pg 27 

Proportion of surveyed trees in good or excellent 

condition  
75%  Pg 2 9 

Top pest and disease threat  Chalara ash dieback  Pg 51  

Estimated e cosystem service provision amount and value in 2017  

Avoided runoff   
355,900  m 3 of water (per 

annum)  
£ 476,800  (per annum)  Pg 3 4 

Pollution removal  190 tonnes (per annum)  

£ 940,000  (per annum in 

terms of NO 2, SO 2 and PM2.5 

only)  

Pg 3 6 

Carbon storage  321,000  tonnes to date  £ 76.6  million  

Pg 41  Net carbon   

sequestration  
7,9 50 tonnes  (per annum)  £ 1.9 million (per annum)  

Replacement cost  
Amenity value of all trees: £11 .2  billion  (CAVAT)  

Structural value of all trees: £309 million  
Pg 4 8 

Total annual 

benefit  

£ 3.31  million  (some air pollutants removal, net carbon 

sequestration and avoided runoff)  

Total benefits :  per 

ha  and per capita  

£ 236 per ha of study area  

£9.18  per capita, annually  

The value of these annual benefits over the next 100 years is projected 

at £ 44.2  million (discounted Present Value)  
Pg 60 
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Key Conclusions  

¶ Species mix in Cardiffôs urban forest 

should be come more  diversified , to 

build resilience  to  climate change, the 

threats posed by emerging  pests and 

diseases , and to improve ecosystem 

service provision across the city . 

¶ The Cardiff  urban forest should be 

managed to bolster the number and 

improve diversity of mature large 

stature  trees , given that large sized 

trees provide proportionally more 

ecosystem services than small stature 

tree s. These large trees are well  

represented  in Cardiff  compared to 

other UK towns and cities, yet may be 

at risk from future development .  

¶ Of the trees record ed, about 70 % 

we re under private management . 

An important resource for the city that 

is out side of its direct control and  is 

therefore  potentially vulnerable to 

change  not directed by a city tree (or 

urban forest ) management  strategy.  

I ncreasing awareness of the 

significance of this resource through an 

education and engagement programme 

could  encourage proactive 

management , and should be  considered 

an important goal going forward . By the 

Report scope and use  

 

This report provides a baseline on the structure, composition and benefits delivery 
of Cardiffôs urban forest ï a dynamic resource whose benefits are enjoyed across 

Cardiff but are not necessarily optimised in all areas of the city. By showcasing 
the value of benefit s provided by Cardiff ôs trees, increased awareness can be used 
to encourage investment in the wider environment.  

 
The assessment presented in this report provides the opportunity to explore a 

number of areas of interest including:  
Á maintaining current tree cover  
Á identifying areas that would benefit from enhanced protection , for example  

from development  
Á identifying  areas  to  enhance  through  new  planting  to  offset  known  forecasts  of  

loss  of  tree  cover  through  development  or  pest s and  disease s  
Á identifying areas to enhance direc t local benefit.  
 

This report can also be used by:  
Á those writing policy  

Á those involved in strategic planning to build resilience or planning the 
sustainable development and resilience of the city  

Á those who are interested in local trees for improving their  own and others 

health , wellbeing and enjoyment  across the city  
Á those interested in the conservation of local nature.  
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same notion, a management strategy 

for Cardiff ôs urban forest would be 

beneficial to create targets for the 

urban forest and monitor success. 

Monitoring change by repeating an i -

Tree Eco study in five to ten years 

would  ensure consistency and 

comparability.  

 
 
 

 
 

Photo: An urban tree in mixed residential ground in Cardiff, providing shade as well as aesthetic 
beauty.  
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Introduction  
The urban forest comprises all the trees in 

the urban realm ï in public and private 

spaces, along linear routes and waterways 

and in amenity areas. It contributes to 

green infrastructure and the wider urban  

ecosystem ( Doick et al. , 2016a ).  Urban  

trees provide a range of be nefits (widely 

termed ecosystem services)  which make 

urban areas more enjoyable places to live, 

support the physical and mental health of 

residents , and mitigate risks from 

flooding, climate change , and high urban 

temperatures  and air pollution. If the 

ecosystem services achieved through 

urban trees were not in place, urban areas  

would require unprecedented levels of 

investment in engineered solutions to 

obtain the same results.  

This report presents the findings of an     

i-Tree Eco survey and urban forest  

assessment, undertaken in Cardiff in 

2017. It forms a óbaselineô, a  first step in 

understanding the urban forest  structure 

and distribution to then undertak e and 

quantify some of the significant ecosystem 

services Cardiffôs trees provide.  

 

i-Tree Eco  was  developed by the US i -Tree 

Cooperative 1 to assess the make -up of 

urban forests and estimate and value 

some of its benefits . It  has been used 

successfully in over 100 cities globally  and  

has been  tested for i ts suitability for use in 

the UK. i-Tree Eco is considered  fit - for -

                                       
1 i-Tree Co -operative: an initiative involving 

USDA Forest Service, Davey, Arbor Day 

Foundation, the Society of Municipal Arborists, 

International Society of Arboriculture and 
Casey  Trees  

purpose for valuing UK green 

infrastructure (eftec, 2013) . 

Cardiff is one of the fastest growing cities 

in the UK . With an esti mated population 

size of 361,208  in 2016 (Welsh 

Government , 2018a ) itôs projected that by 

2035 that the population will reach over 

400,000  (CCC, 2017 a) . The expansion of 

urban areas to accommodate this growing 

population , as well as infill ing  urban areas 

such as gardens, can put pressure on the 

urban forest by reducing the number and 

size of trees able to be planted. Cardiffôs 

canopy cover has already been shown to 

have declined by 37 ha  (2.8%) between 

2009 and 2013 (NRW, 2016 a).  

In this section, we present an introduction 

to the core concepts of natural capital and 

ecosystem service provision required to 

understand the i -Tree approach to urban 

forest assessment  at the local level . This 

information forms an important 

cornerstone to help the city council make 

informed plans to achieve the ir  green 

infrastructure objectives. It also serves to 

improve the focus of effort s to invest in 

the urban forest through the planned 

intervention to maxim ise benefit and avoid 

(potentially costly )  loss , through 

protection and development . 
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Ecosystem Service Provision  
The Millennium Ecosystem Assessment 

(2005)  and the UK Nationa l Ecosystem 

Assessment (2014)  provide frameworks to 

examine the possible goods and services 

that ecosystems can deliver, according to  

four categories: provisioning, regulating, 

supporting and cultural services.  The 

ecosystem services valued by i -Tree Eco , 

plus othe r ecosystem services the urban 

forest may  provide , are presented in  

Table  1 along with the significance of th e 

benefits of each service in Cardiff.  

For a more detailed review of ecosystem 

service provision by  urban trees and how 

this varies depending on the environment, 

tree structure and composition , and 

management, see Forestry Commission 

Research Report 26 (D avies et al., 2017).  

Quantifying and assessing the value of the 

services provided by the natural capital of 

Cardiff ôs urban forest will help raise the 

profile of  urban trees , and can inform 

decisions that will improve human health 

and environmental quality .  

Table  1 . Review of some of the ecosystem services which urban trees provide and the 
significance of these services to Cardiff.  The four ecosystem services which will be discussed in 
more detail in this report are avoided runoff, air pollution removal, carbon storage & 
sequestration and habitat provision (darker purple).  

Ecosystem 

service  
Role of urban trees  Significance to Cardi ff  

Avoided 

runoff  

Tree  canop ies intercept rainfall, 

reducing  the volume of water that 

forms  surface runoff. Flooding from 

intense runoff is a serious risk in  

urban areas and increases  costs for 

sewerage treatment.  

Surface water flooding caused by 

runoff of water which doesnôt drain 

away is a common cause of flooding in 

Cardiff (CCC, 2014). Just over 12,000 

people are estimated to be at risk 

from the  more extreme flood events  

(CCC, 2015 ).  

Air pollution 

removal  

Tree  canop ies intercept  air 

pollutants, reducing exposure of 

people to  pollutants that can be 

harmful to  health . 

Air pollution is linked to 143 deaths 

per year in Cardiff  (PHE, 2014 ).  Four 

Air Quality Management Areas 

(AQMAs) have been declared in the 

city du e to  high NO 2 levels.  

Carbon 

storage & 

sequestration  

Trees remove CO2 from the 

atmosphere and store carbon in 

their wood , helping to  mitigate 

global climate change . 

Cardiff emits  around  6 tonnes of CO 2 

per head of capita annually  (CCC 

2017 a) . Climate change is expected to 

make Cardiffôs climate warmer and 

wetter by 2050  (ASC, 2016) .  

Habitat 

provision  

Urban trees support a range of 

biodiversity in urban areas, 

provi ding  opportunities for residents 

to engage with  nature.  

Cardiff contains many protected areas 

(SACs, SSSIs) containing  woodland 

habitat s, along with a number of 

protected species.  
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Cultural value  

Trees improve social cohesion by 

providing spaces to meet. Trees 

help to create a sense of place and 

old trees help create a link to local 

history and nature.  

Cardiff respondents said access to the 

outdoors was a key contributing factor 

to their well -bein g (CCC, 2017 a).  

Noise 

reduction  

Trees can act as a barrier to noise 

and reduce stress levels from heavy 

traffic.  

84% of Cardiff residents are satisfied 

with noise levels (CCC, 2017 a) but 

new development may increase noise 

disruption.  

Educational 

value  

Trees and woodlands create learning 

opportunities for children. Adultsô 

involvement and training in tree 

management can also develop new 

skills.  

The Public Opinion of Forestry Survey 

found 47% of Welsh respondents 

stated woodlands can be used by 

schools/ e ducational groups, and 25% 

believe they support the local 

economy  (Forestry Commission , 

2017) . Cardiff ôs unemployment rate in 

2016 was at 6% (CCC, 2017 a).  

Temperature 

regulation  

Urban temperatures are  often higher 

than rural areas. Tree canopies 

provide shade and water 

transpiration, reducing local 

temperatures and the need for air 

conditioning. This improves peopleôs 

comfort and reduces CO 2 emissions.  

Cardiffôs temperatures are expected to 

increase with climate change, which 

could b e particular risk to those living 

in more socially disadvantaged 

neighbourhoods ( ASC, 201 6).  Cardiffôs 

green and blue spaces were  estimated 

to cool the city by an average of 

0.71 °C, with a calculated worth  of  

nearly £1.5 million (eftec, 2018).  

Landscape 

enhancement  

Urban trees can improve the image 

of places and how people enjoy 

the m , raise property values and 

increase footfall in commercial 

areas. Trees can have a restorative 

effect, improving mental well -being.  

More deprived areas tend to have less 

tree cover (NRW , 2016 a). Less than 

half of surveyed respondents from the 

South and East of the city agreed that 

Cardiff has a clean, attractive and 

sustainable environment (CCC, 

2017 a) . 

Recreation  

People are more likely to engage in 

physical activity in g reener 

environments , improving residentôs 

physical and mental health  (Kondo 

et al. 2018) . 

68% of Cardiffôs population live within 

300  m of a greenspace (Welsh 

Government, 2012) and there is 

generally high satisfaction with parks 

and open spaces (CCC, 2017 a).  

Cardiff aims to increase active travel 

by 2021 (CCC, 2017 a) .  
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Table 1 shows that m any of the ecosystem 

services provided by urban trees are  not 

quantified or valued by i -Tree Eco. The 

value of Cardiff ôs urban forest 

presented in this report should 

therefore be recognised as a 

conservative estimate  of the value of 

the full range of benefits that this urban 

forest provides to the resi dents of,  and 

visitors to Cardiff .  

It is also important to recognise that:  

¶ The v6  i-Tree Eco model provides  a 

snapshot - in - time picture on size, 

composition and condition of an urban 

forest. Only through comparison to 

follow -up  i-Tree Eco studies, or studies 

using a comparable data collection 

method, can  the urban forest be 

assessed for chan ges over  time . 

¶ i-Tree Eco requires air pollution data 

from a single air quality monitoring 

station  and the da ta used therefore 

represents a city -wide average, not 

localised variability .  

¶ i-Tree Eco is a useful tool providing 

essential baseline data require d to 

inform management and policy making 

in support of the long - term health and 

future of an urban forest, but does not 

of itself r eport on these factors . 

¶ i-Tree Eco demonstrates which tree 

species and size class  or class es are 

currently responsible for de livering 

which ecosystem services. Such 

information does not necessarily imply 

that these tree species should be used 

in the future .  

¶ Planting and  management must be 

informed by:   

o site conditions , such as soil quality, 

quantity and available growing 

space  

o the aims and objectives of the 

planting or management scheme  

o local, regional or national policy 

objectives  

o current climate and future climate 

projections ; and  

o guidelines on species composition 

and size class distribution for a 

healthy resilient urban fores t.  
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Opportunities  
The information in this report allows 

decision makers to  target effort to achieve :  

Social objectives  

¶ Policy: establish new policy to 

protect and expand all aspects of 

Cardif fôs urban forest, under both 

private and public ownership.  

¶ Education  and advocacy : raise the 

profile of Cardiffôs urban forest as a 

key component of green infra -

structure provid ing  benefits to those 

who live and work in Cardiff .  

¶ Quality of life: green spac e provis -

ion to support health and well -being 

through near nature experience.  

Economic  objectives   

¶ Asset management: Manage 

Cardiff ôs urban forest as an asset, 

with appreciable return . 

¶ Commerce, t ourism  and industry : 

plan for and finance expansion of 

canopy cover  to ensure that the 

cent ral role of greens pace in 

shaping the character of the city is 

retained and enhanced . 

Environmental objectives  

¶ Climate change resilience: by 

redressing imbalance in tree species 

mix and age composition, to help 

create a population that is more 

resilient to the impacts of climate 

change.  

¶ Risk management: identify risks to 

the tree population such as climate 

change or pests and diseases, and 

to plan accordingly.  

 

 

 

 

 

 

Photo: Urban trees provi ding noise mitigation and habitat provision ecosystem services . 
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Links  
Further details  on i -Tree Eco and the full 

range of i -Tree tools for urban forest 

assessment can be found at: 

www.itreetools.org . The website also 

includes many of the reports generated by 

the i -Tree Eco studies conducted around 

the world.  

For further details on i -Tree Eco in the UK, 

on-going i -Tree Eco model developments, 

training workshops, or to download many 

of the reports on previous UK i -Tree Eco 

studies visit www.trees.org.uk  (the 

web site of the Arboricultural Association) , 

www.forestresearch.gov.uk/research/i -

tree -eco or www.treeconomics.co.uk . 

The identification, measurement, mapping 

and caring for trees in the urban 

environment create opportunities for 

members of the general public and 

community groups to become ócitizen 

scientistsô. Interested readers are referred 

to Treezilla: the Monster Map of Trees 

(www.treezilla.org ) to learn more .

What difference can i -Tree Eco make?  
 

Since i -Tree Eco was first used in the UK, in Torbay in 2011, it has been applied  in 

over 30  UK projects , including in London, Wrexham and Edinburgh . A review of the 

impacts from a number of these projects identified many of the outcomes that the 

project can provide  (Hall et al., 2018; Hand & Doick, 2018), including:  

Á Improving understanding of urban forests and their ecosystem service value.  
 

Á Identifyi ng emerging threats to the urban forests, such as low resilience to pest 

and disease outbreaks. This has been used to inform local and regional reports 

on these threats , by strategies to improve the age, size and species structure of 

urban forests. The Lon don Victoria BiD i -Tree Eco study in 2011, for example, 

showed the dependence on London Plane for ecosystem services, therefore 

suggesting that a more diverse population would be beneficial to increase 

resilience .  
 

Á Informing new tree and woodland strategi es, such as in Edinburgh and Torbay.  
 

Á Justifying investment in the urban forest, such as securing two  £25,000 budget 

increase s in two years in Torbay , or a new Arb.  officer post in Wrexham.  
 

Á Starting conversations between different local authority departme nts and 

helping raise interest in trees beyond arboricultural and parks teams. Since i -

Tree Eco projects, trees have been cited in a range of local authority reports 

including climate change, open space strategies, landscape design and 

neighbourhood design  strategies. These conversations are also not just limited 

to local authority departments, encompassing Business Improvement Districts, 

Community groups (such as the Sidmouth Arboretum) and design teams.  

 

http://www.itreetools.org/
http://www.trees.org.uk/
http://www.forestresearch.gov.uk/research/i-tree-eco
http://www.forestresearch.gov.uk/research/i-tree-eco
http://www.treeconomics.co.uk/
http://www.treezilla.org/
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i-Tree Eco data collection  
 

i-Tree Eco uses a standardised field collection method outlined in the i -Tree Eco 

Manual v6 (i -Tree, 2018) and this was applied to each plot. Each plot covered 0.04 

ha (circle with radius 11.4 m) and from each was recorded  the following data 

collected from  each :  

 

Á The type of land use, e.g. park, residential  

Á The percentage distribution of cover present in the plot e.g. grass, tarmac  

Á The tree and shrub cover  

Á The percentage of the plot that could have trees planted in it  

Á I nformation about trees including:  

o num ber of trees and their species  

o size of the trees including height, canopy spread and diameter at breast 

height (DBH) of trunk measured at 1.37  m  above ground level  

o whether it was a street tree or if it was in public land  (public land included 

parks, street s and cemeteries)  

o condition of the trees including the fullness of the canopy  

o amount of light exposure the canopy receives  

o amount of impermeable surface (e.g. tarmac) under the tree  

o information about shrubs, including the number of shrubs, species and 

dimensions of the shrub areas . 

Methodology  
i-Tree Eco uses a plot -based  method of 

sampling, from which  the recorded data is 

extrapolated to statistically represent the 

whole study area . For this study, 203  plots 

were rando mly selected across the City of 

Cardiff  and 199 were completed . The 

boundaries adopted for the study and the 

location of the plots are pr esented in 

Figure 1.  

The study area was the largest sample 

area of any i -Tree Eco study in Wales to 

date,  encompassing 14,064 ha and 

resulting in a sample every 71 ha. This 

sample density was therefore lower th an 

in other Welsh i -Tree Eco studies ( Table 

3). The proportion of plots falling into the 

different land use  classe s is given in  

Figure 2. 

 
































































































































































