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Forest Research is the Research Agency of the Forestry Commission and is the leading 

UK organisation engaged in forestry and tree related research.  The Agency aims to 

support and enhance forestry and its role in sustainable development by providing 

innovative, high quality scientific research,  technical support and consultancy services.  

Treeconomics is a social enterprise, whose mission is to highlight the benefits of trees. 

Treeconomics works with businesses, communities, research organisations and public 

bodies to achieve this.  

i-Tree is a st ate -of - the -art, peer - reviewed software suite from the USDA Forest Service 

that provides urban and community forestry analysis and benefits assessment tools. The 

Forest Service , Davey Tree Expert Company , National Arbor Day Foundation , Society of 

Muni cipal Arborists , International Society of Arboriculture , and Casey Trees  have entered 

into a cooperative partnership to further develop, disseminate and provide technical 

support for the suite.  
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Valuing Wrexhamôs Urban Forest 

Summary   
Urban forests are a valuable source of ecosystem services in towns and cities. They help 

us alleviate  problems associated with dense ly packed  populations  by  improv ing  local air  

quality, capturing carbon and reducing  flooding . They also  provide food and habitat for 

animals, such as birds and bees , and improve social cohesion in communities.   

However,  the value of urban trees , both quantifiable a nd otherwise, is  often overlooked 

within  planning developments. By valuing the quantifiable services provided by trees  in 

Wrexham  County Borough , Wrexham County Borough Council and Natural Resources 

Wales  can increase the profile o f the Countyôs urban fore sts , ensuring their value is 

maintained and improved upon. In addition, valuing these ecosystem services helps 

town planners, landscape architects and tree officers to plan where trees will be planted 

for the maximum benefit .  

A survey of Wrexham County Bor oughs trees ô to value a  number of ecosystem services  

was undertaken in summer 2013  with the aid of i -Tree Eco , used for the first time in 

Wales. i -Tree Eco is  a model developed by the US Forest Service  that  allows scientists to 

measure a range of ecosystem  services provided by urban trees, from carbon 

sequestration to pollutant removal. The study was funded by Natural Resources Wales 

and Wrexham County Borough Council and was carried out by Forest Research.  

The quality of life for residents of Wrexham is s ignificantly improved by its urban forest, 

helping alleviate flash flooding and sewer blockages, providing cleaner air and supporting 

wildlife such as pollinators. In addition, Wrexhamôs urban forest contributes significantly 

to the local economy, saving a round £ 1. 44  million in services per year. This would be 

enough money to plant nearly 800  medium sized oak trees in Wrexham and is 

comparable to the amount needed to refurbish Wrexham cemetery ( Wrexham.com , 

2014).  

Wrexham has a high density of trees but low  canopy cover compared to similar sized 

towns. A further 28% of Wrexhamôs urban space could be planted with trees, bringing 

Wrexham in line with other urban areas. Wrexhamôs urban forest could also be improved 

by planting a higher diversity of tree species , improving its resilience to pests and 

diseases.  

The number of large trees in Wrexham is above average for the UK and, in particular, 

there are many impressive old oaks. However, there are fewer large trees than 

recommended for a future -proofed urban fore st, suggesting some room for 

improvement. I ncreasing planting of  large stature trees  may future proof Wrexhamôs 

impressive stock of large growing trees.  

A summary of key results is presented on page 5.   
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Key Results  
 

The ecosystem services  provided by Wre xhamôs trees in  2013 were 

valued at  more  £1 .44  million  per year  

 

 Wrexham has an urban tree density at 95 trees per hectare , totalling 364  000 

trees . This is higher than the average in England  

 Wrexham has 17% tree cover , the average  for Welsh towns  

 The thre e most common tree species in Wrexham are sycamore, hawthorn  and 

silver birch  

 Wrexham has a high proportion of large trees compared to the rest of the UK  

  Wrexhamôs urban forest would benefit from more medium and large sized trees 

to ensure large trees exi st in the future  

 The replacement cost  (not including ecosystem services) of Wrexhamôs trees is 

around  £0.9 billion  

 The highest value trees for amenity  in Wrexham are located in cemeteries  

 Wrexhamôs urban forest intercepts 278  000 m 3  or water  every year, equivalent 

to  an estimated  £460  000 in sewerage charges  

 6 0 tonnes of air pollution  are removed by Wrexhamôs trees per year , worth 

more than £7 00 000 in terms of the damage they cause  

 6 5  8 00  tonnes of carbon  are currently stored in Wrexhamôs trees 

o This is the  equivalent of the annual emissions of 109 000  cars  

o This amount of carbon is estimated to be worth  £1 3.7  million  

o By 2050  this value will be £2 5. 9  million according to current forecasts  

 Each year Wrexhamôs trees remove 1 300  tonnes of carbon  from the 

atmosp here  

o This offsets 3 % of the emissions from  cars  owned in Wrexham  

o This amount of carbon is estimated to be worth £2 78  000  

 W illows, oaks and silver birch  support the highest diversity of herbivorous 

insects, including beetles, butterflies and moths  
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Introduc tion  
Urban trees provide a  range of ecosystem services, functions provided by nature on 

which human life depends  or is significantly improved . Assessing the value of these 

services in Wrexham will enable Wrexham County Borough Council and other 

stakeholder s to valu e the urban forest as an asset to the community , providing a  

baseline for future monitoring. In addition  it will inform planting practises to maximis e 

space and budgets  and raise  the profile of urban trees.  

Urban forests  provide  a number of health benefits 

including improving local air and water quality by 

absorbing  and filtering  pollutants  (Bolund and 

Hunhammar, 1999) and by reducing the urban heat 

island effect  (Akbari et al., 2001) , decreasing illnesses 

associated with poor ai r quality and heat. There is also 

evidence that urban greenery can help reduce stress 

levels and improve recovery time from illness  (Ulrich, 

1979) . 

Trees also pro vide a valuable habitat for much  of the 

UKôs urban wildlife, including bats  (Entwistle et al.,  

2001)  and bees  (RHS, 2012) . They  provide local 

residents with a focal point to improve social cohesion 

and aid education with regards to environmental issues  

(Trees for Cities, 2011) .  

Economic benefits are also provided by urban trees. 

Trees store carbon  within their tissues and continually absorb carbon, helping to offset 

carbon emissions produced by other urban activities  (Nowak et al., 2008) . In addition, 

urban trees help alleviate flash flooding, a problem that costs  urban areas  millions of 

pounds eac h year  (Bolund and Hunhammar, 1999) . Trees also increase property value, 

both commercially and privately  (Forestry Commission, 2010) .  

A range of these benefits are quantifiable using models such as i -Tree Eco, developed by 

the US Forest Service to aid the  sustainable management of urban trees, including  

planning tree planting. i-Tree Eco is currently the most complete method available to 

value a whole suite of urban forest ecosystem services  (Sarajevs, 2011) and  has been 

used successfully in over 60 cities  globally, including studies in the UK. I n this report we 

present the findings of the first such assessment  in Wales. Wrexham  and the 

surrounding towns and villages  were surveyed, with  data from trees and shrubs  recorded 

to estimate the replacement costs o f trees, their amenity value and the value of 

ecosystem services provided by Wrexhamôs urban forest.  

 

Simpson (2013)  
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Methodology  
202 plots were selected from a rando mised grid covering Wrexham and  neighbo uring 

towns and villages (Fig 1 ). This method was chosen to overco me problems associated 

with patchy land use, for example aggre gations of industrial units in  one area or  

residential properties in another.  Grid squares present on the edges of the sample area 

were only included if they contained at least 50% of the grid s quare area.  The total 

sample area was 3  833  Ha, resulting in a sample plot every 19  Ha. This provided a high 

density of plots , higher than previous studies in both Torbay  (26  Ha)  and Edinburgh  

(57  Ha) .  

i-Tree Eco uses a standardised field collection metho d outlined in the i -Tree Eco Manual 

(v 5.0 for this study) (USDA, 2013), and this was applied to each plot.  

Each plot covered 0.04  Ha and from it was recorded:  

 The type of land use it was, e.g. park, residential  

 The percentage distribution of cover presen t in the plot e.g. grass, tarmac  

 The percentage of the plot that could have trees planted in it 1 

 Information about trees (over 7  cm trunk girth)  

o The number of trees and their species  

o  The size of the trees including height, canopy spread and girth of trunk  

o  The health of the trees  including the 

fullness of the canopy  

o The amount of light exposure the 

canopy receives  

o The amount of impermeable surface 

(e.g. tarmac) under the tree  

 Informatio n about shrubs ( less than 7  cm in 

trunk girth, but over 1  m in height)  

o The number of shrubs and their 

species  

o The size and dimensions of the shrubs  

                                       
1 ñPlantable spaceò was defined as an area that could be planted with little structural modification 

(i.e. permeable surfaces such as grass and soil) and that was not in close proximity to trees or 

buildings (i.e. would not be hampered in their growth).  

 

Field operative  Simon Morath  

measuring tree height (Simpson, 

2013)  
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Fig 1 . The sample area for the study included plots in Chirk, Cefn  Mawr, Ruabon, 

Rhos llanerchrugog , Pen ycae, Wrexham, Coedpoeth, Brymbo, Gwersylt, Sydallt , Llay, 

Gresford and Rossett. In total 202 plots were sampled (basemap: ©OpenStreetMap 

contributors)  
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This information was  submitted to the US Forest Service for use in the i -Tree Eco model 

and a number of  outputs calculated  (Table 1 ) . i -Tree Eco  calculates the species and age  

class structure, biomass and leaf area index (LAI) of the urban forest. This data is then 

combined with local climate and air pollution data to produce estimates of a number  of 

ecosys tem services (Table 1 ) and to assess their current and future value.  

Weather data used was for the year 2012, recorded at Hawarden weather station, 

approximately 10  km North of the sample area (Met Office 2012). NO 2, SO 2, PM10  and  

PM2.5  were recorded at th e Victoria Road station, Wrexham, in 2012. O 3 (ozone) was 

recorded at the Mold station in 2012. CO was recorded at the Llay station in 2006.  All 

pollution data was obtained from www.welshairquality.co.uk  (2013).  

 

 

Mean average leaf -on/leaf -off dates were calculated using datasets from the UK 

phenology records (Natures Calendar, 2013 ). The data from 10 species were selected to 

calculate a  UK average ( field maple , sycamore , horse chestnut , common alder , silver 

birch , common beech , common ash , common oak , sessile oak  and rowan ) over a 5 year 

peri od (2009 -2013 ) to provide a leaf -on date. However, because leaf -off is not in itself 

an event in t he UK phenology database, a further average was taken from the first leaf 

fall and bare tree events for the 10 species across the five years (2008 -2012) to provide 

an average date for the leaf off event.  

Where outputs generated by i -Tree Eco we re based on US values,  UK government 

guidance was used to tailor  values  for a UK scenario. These included  carbon 

(DECC,  2011) and pollution valuation (HM Treasury, 2011) .  

Table 1 . Outputs calculated based on field  collected data  

Urban forest 
structure and 
composition  

Urban ground cover types  
Species diversity, canop y cover and age class  
% leaf area by species  
Phenology  
 

Structural and 
functional values  

Structural values in £  
Carbon storage and sequestration value  in £  
Pollution removal value in £  
 

Ecosystem services  Rainfall interception  
Air pollution removal by urban trees for CO, NO2, SO2, O3, PM10 and PM2.5  
% of total air pollution removed by trees  

Current carbon storage by the urban forest  
Carbon sequestered  

Habitat provision  
 

Pollinating insects  
Insect herbivores  

Potential insect and 
disease impacts  

Acute oak decline, asian longhorn beetle, chalara  dieback of ash, 
emerald  ash  borer, gypsy moth, oak processionary moth, Phy tophthora ramorum, 

Phytophthora  kern oviae, Phytophthora lateralis, red band needle blight, 
sweet  chestnut blight  
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Additional structural values were also obtained. i-Tree Eco currently outputs tree values 

based on The Council of Tree and Landscape Appraisers (CTLA , 1992 ) valuation method. 

However , the Capital Asset for Amenity Trees (CAVAT)  (Neilan, 2010)  method was also 

used  as this takes extra variables into account, such as tree health, appropriateness of 

the species to the site and the amenity value of the trees.  Whereas CTLA values a tree in 

terms of the value to its owner, the additional amenity assessment in CAVAT adds a 

further social dimension, placing a public value on the tree . Both methods are widely 

used in the UK.  

In addition to the outputs provided by i -Tree Eco, pest susceptibility was also assessed  

using information regarding the number of trees within pathogen/pest target groups. 

The habitat provided by different species was also assessed. A detai led methods section 

for both i -Tree Eco calculations and additional calculations is provided in Appendix I.  

 

 

Simpson (2013)  
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Results and Discussion  

Sample Area  
Based on the plots sampled in Wrexham, approximately 28(±2)% of the ground cover 

could be planted with trees. Cover of trees was 17(±2)% of the sample area and shrubs 

covered 11(±1)% of the sample area. Tree cover in Wrexham is equal to the Welsh 

average but lower than neighbouring Llangollen (28%) and towns of a similar size such 

as Pontypool (24%) and Neath (23%).  

52% of the ground cover in Wrexham consisted of permeable materials such as grass 

and soil  (Fig 2 ) . The remainder of the ground cover consisted of non -permeable surfaces 

such as tar and cement  (Fig 2 ) . Permeable surfaces alleviate pr oblems as sociated with 

flash flooding,  reduc ing  loads on sewer systems . This can potentially prevent  traffic 

incidents caused by flooding, as o ccurred in Wrexham in 2013 ( wrexham.com, 2013) 

and sewer failures, also reported in Wrexham ( heart.co.uk , n.d.) . Wrexham has a lower 

percentage of permeable ground cover than Torbay (approx. 66%).  

 

 

Fig 2 . Types of ground cover encountered in Wrexham. Bold labels denote 

permeable surfaces, the remainder are non -permeable.  

 

Urban Forest Structure  
The urban forest o f Wrexham and its neighbouring town s has an estimated  population of  

364 000 trees . This is a density of 95 trees per hectare, much hi gher than the UK 

average of 58  trees per hecta re (Britt & Johnston, 2008) . This density is higher than that 

found in Edinbu rgh (56 trees p/Ha)  (Hutchings et al., 2012) , but lower than that found in 
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Torbay (105 trees 2 p/Ha)  (Rogers et al. , 2011) . Tree canopy cover is 17 %, comparable 

to the Welsh average for towns of 16.8%  and higher than the Eng lish average (8.2%) 

(Fryer, 2014 ) . 

The three most common species are sycamore  (Acer pseudoplatanus ) , hawthorn  

(Crataegus monogyna )  and silver b irch  (Betula pendula )  (Fig 3 ). The ten most common 

tree species account for 70 % of the population (Fig 3).  

 

 

Fig 3 . Breakdown of tree species in  Wrexham and the surrounding town s.  

 

 

Fig 4 . Proportion of trees on land use types where trees were found. Land use types 

where no trees were found are omitted.  

 

                                       
2 Torbayôs Urban Forest (Rogers et al.,  2011) states a density of 128 trees p/Ha. However, trees 

sm aller than those in the Wrexham and Edinburgh were measured. These have been filtered out 

and reanalysed for better comparison and it is these comparative values that are used throughout 

this report.  
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In plots where trees were found parks and residential areas contained the most trees 

(Fig 4).  

The diversity of species can be calculated using the Shannon -Wiener index. This is a 

measure of not only the number of different species, but how whether the population is 

dominated by a certain species. The diversity of Wrexhamôs urban forest is 3.06 

according to this index.  This is marginally lower than was found in Torbay (3.3) (Rogers 

et al. , 2011) and Edinburgh (3. 2).  The highest diversity of trees was fo und in residential 

areas (Fig 5 ).  

 

  

Fig 5 . Shannon Wiener diversity for each study area on s eparate land use types.  

 

Santamour (1990) recommends that for urban forests to be resilient to pests and 

diseases , no species should exceed 10% of the population, no genus 20% and no family 

30%. Three species exceeded the 10% guideline (sycamore, h awthor n and silver birch; 

Fig 3 ). No genus exceeded 20% frequency and no family exceeded 30%.  

In addition to diversity, where trees come from can be important. With new pests and 

diseases emerging, such as Chalara a sh dieback , and with the onset o f climate chan ge 

some councils are considering the use of exotic species.  Increasing the pool of trees 

available for tree officers to plant by including non -natives is also being considered to 

provide a wider range of options for successful tree survival. This is import ant in an 

urban area where there are additional challenges to tree planting, such as exposure to 

drought and insufficient rooting volumes.  However, there is intense debate about 

whether the costs outweigh the benefits (Johnston et al., 2011). Exotic specie s tend to 

have fewer pests associated with them due to being removed from the home range of 

their specialis t herbivores and diseases (Connor et al., 1980 ) . However,  they can also 

perturb native ecosystems  by changing the available niches for wildlife to fi ll ( Tow nsend 
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et al., 2008 ) . They also  support fewer native animals (Kennedy and Southwood, 1984)  

and can  become invasive due to their  low er association with pests (Mitchell and Power, 

2003 ).  Thus, a balance of native and non -native species may provide the most resilient 

solution.  

In Wrexham, approximately 14% of the trees have origins in Europe. Most species 

(55.5%) have origins in both Europe and Asia (Fig 6 ).  59% of the trees in Wrexham are 

native to England and Wales,  22 % are naturalised  and 9% a re non -native 3. 

 

 

Fig 6 . Origins of tree species in Wrexham. A:Asia; E:Europe; NA: North 
America; SA: South America; Unk: Unknown ; + denotes origins from 

additional continents . 

 

The size distribution of trees is also important. Large , mature  trees offer unique 

ecological roles not offered by small , younger  trees (Lindenmayer et al., 2012 ), but 

young  trees are needed to restock trees as they age  and die . It is estimated that trees 

that have diameters (diameter at breast height;  DBH)  less than 15cm constitute 47 % of 

the total tree population  in Wrexham  (Fig 7 ).  

The n umber of trees in each DBH class decline s successively, with only 2 8% of trees 

reaching DBHôs of 20cm or above. This is at the higher end of the range of 2 0cm+ trees 

found in the majority  of England ( Britt and Johnston, 2008 ) but studies in North Ame rica 

suggest an ideal value of 6 0% for healthy urban tree stocks ( Richards, 1983 4) . Large 

trees provide greater ec osystem services benefits (USDA, 2003 ) than small ones, so  

Wrexham County Borough could impro ve on this element . 

                                       
3 Some trees were identified to genus level only, encomp assing both native and non -native 

species. Some trees were dead so could not be assessed for nativity. These two groups (dead 

trees and trees identified to genus level only) encompassed 10% of Wrexhamôs trees. 
4 Richards (1983) comments on the size classes  of street trees necessary to maintain populations 

found in urban areas. However, street trees only made up a small proportion of the trees 

analysed in the current study and so there is a need for this work to be expanded further.  
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Using the DBH of trees to infer age, however, is a simplistic approach. In Wrexham  

County Borough , t he large number of small trees is heavily influenced by the prevalence 

of hawthorn , a naturally small species  even at maturity . Though t here is evidence to 

suggest that large trees provide more ecosystem service s than small growing  ones 

(USDA, 2003 ), little work has been conducted to compare large growing trees with 

dense stands  of comparable size  such as those that  hawthorn produce, so a value 

comparison in terms of the ecosystem services provided is difficult. Overall, a good 

strategy may be to supplement small growing  trees with young, naturally larger growing 

trees in order to ensure large growing tree stocks are future proofed , without  losing 

potentially valuable mature small growing  tree stands . 

 

  

Fig 7 . DBH ranges of trees encountered in Wrexham . Diamonds represent 
recommended frequencies for that dbh class as outlined in Richards (1983) . 

Labels correspond to bars.  

 

Large trees (6 0cm+) were found in higher proportions in cemeteries and multi - family 

residential areas  (Fig 8 ).  
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Fig 8 . DBH ranges of trees encountered in Wrexham on different land use types  

 

Tree condition was, on a verage, excellent with over 80% of trees achieving a Fair (11 -

25% dieback) to Excellent (no dieback) rating (Fig 9 ).  

 

 

Fig 9 . Condition of trees e ncountered in the Wrexham area.  

 

Tree Cover and Leaf Area  
Overall, tree cover in Wre xham was high, estimated at 17 % across the region. This is 

higher than the  English  average of 8 % ( Britt & Johnston, 2008 )  and is aver age fo r Welsh 

urban areas (Fryer, 2014 ) . Sycamore possessed the highest leaf area (Fig 10).  

In addition to cover, t he healthy leaf surface area of trees is a good indicator of the 

benefits they pro vide . The removal of pollutants from the atmosphere , for example,  
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relies on leaf surface area ( Nowak, 2006) and other factors such as shading are 

influenced by leaf area .  

 

 

Fig 10 . Tree species in order of leaf area/% . 

 

Taking leaf area and prevalence into account, it is possible to rank tree species by 

calculating an ñimportance value ò (IV).  

In the case of the Wrexham  study , all three of the most prevalent species are also leafy 

species (unlike if a softwood , such as Leyland Cypress , was prevalent)  (Fig 11 ). This 

means  that the three most prevalent species are also the three most important. Other 

species  in the top 10 most important species , however, do not appear in the same order 

as prevalence ( Fig 11 ).   
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Fig 11 . Importance value (IV) for the top ten most important trees and their frequency/%.  

Phenology  
Ecosystem service provision relies not only on the leaf area of trees but also the length 

of time each year that trees are in leaf. The date each year that trees come into leaf and 

later lose their  leaves (i.e. phenology) varies depending on weather. The average date 

calculated for  leaf on in the last five years was April the 14 th . The average date 

calculated for leaf off in the last five years was November the 2 nd . It was estimated, 

therefore, that  trees in Wrexham were in leaf for approximately 202 days in 2013.  

Structural value  
Aside from the value associated with the ecosystem services provided by trees, trees 

also have a real cost, principally  the cost of replacing them should they be lost or 

damaged. This can be helpful for tree owners should a tree be cut down unlawfully, for 

example if a person cuts a tree down that does not belong to them, or if a tree is 

damaged. A number of methods are used by arborists to value trees; here we present 

two o f the most common in the UK and USA, CAVAT (Capital Asset Valuation for Amenity 

Trees) and CTLA (Council of Tree and Landscape Appraisers method).  

CAVAT valuation  

Wrexhamôs urban forest is estimated to be worth Ã1.4 billion according to CAVAT 

valuation, ta king into account the health of trees and their amenity value. As an asset to 

the county borough , this is equivalent to nearly 350 times the cost of constructing the 

Mold R oad football stand at Wrexhamôs Racecourse Ground. Black poplar s in Wrexham 

County B orough hold the h ighest structural value (Fig 12 ), representing 26% of the 

value of all Wrexham  County Borough ôs urban trees. The single most valuable tree 

encountered in the study was a black poplar situated in Wrexham Cemetery, estimated 

have an asset va lue of £793 000.  
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Fig 12 . Percentage value held by tree species in Wrexham according to CAVAT 
analysis.  

 

The land use type containing the highest  struct ural value of trees is cemeterie s, with the 

total value of trees within this land use type estimated  at approximately £1.1 million in 

the plots sampled. This is 37% of the structural value  held by Wrexhamôs trees (Fig 13) 

and is made even more notable by the fact that only one ceme tery plot was sampled 

(Table 2 ).  

 

 

Fig 13 . Percentage of structural valu e held by trees on different land use types  

according to CAVAT analysis . Land use types where no trees were found are 
omitted.  
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Table 2 . Structural value of trees encountered in different land use types in 
plots and the number of plots containing each l and use type  

Land use type  Structural value 
(in plots)/£  

Value/%  No. of 
plots § 

Cemetery  1 117 986  37.2    1 
Park     829 857  27.6  58  
Residential (single family)     508 608  16.9  93  
Residential (multiple family)     228 359    7.6  10  
Commercial/Industrial     110 070    3.7  28  
Institutional       53 318    1.8  15  
Agriculture       28 756    1.0    7 

Water/wetland       24 111    0.8    1 
Vacant       14 581    0.5    7 
Other         2 321    0.1    1 
Golf course               0   0.0    1 

§ Number of plots containing this land use type  

 

CTLA Valuation  

According to CTLA valuation, which does not take into account the health or amenity 

value of trees, Wrexhamôs urban forest is worth approximately Ã0.9 billion. This is the 

cost of replacing Wrexhamôs urban forest should it be lost.  

Avoided Surface Water Runoff  
The infrastructure required to remove surface water from towns and cities is costly and 

in some areas of the UK can be overwhelmed by large storm events , where  surface 

water may not be removed quickly enough . This c an result in flooding  and damage . 

Trees can intercept rainwater, retaining it on their leaves and absorbing  some  into their 

tissues for use in respiration. The trees in Wre xham intercept approximately 278  000 m 3 

of water per year, the equivalent of Wrexham  Water world ôs main pool being filled 556  

times.  Based on the standard local rate charged for sewerage 5, this would save £460  

000 in sewerage charges.  

Sycamore interc epts the most water, removing 81  000 m 3 of water per year, worth 

£135  000 in sew erage charg es (Fig 14 ).  

 

                                       
5 This value is based on the 2013 household standard volumetric rate per cubic metre charged by 

Dwr Cymru and does not include standing charges or special discounts. This rate is stated as 

£1.6554 per m 3 (Dƾr Cymru, 2013) 
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Fig 14 . Avoided surface water runoff provided by urban trees in Wrexham 
(columns) and their associated value in avoided sewer costs (diamonds)  

 

Air Pollution Removal  
Air pollution is harmful  to human health  and can lead to  a decrease in  the quality of 

ecosystems (Table 3 ) . The centre of Wrexham has some of the highest deaths caused by 

respiratory problems in Wale s, with 111 respiratory related deaths for  every 100 000 6 

people (www.healthmapswales.wales.nhs.uk , 2010). This puts  Wrexham in  the top 20% 

of Welsh areas  for respiratory related deaths.  However, respiratory diseases can be 

caused by a number of factors in addition to air pollution, including smoking.  

                                       
6 Standardised by age  
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Table 3 . Urban pollutants, their health effects and causes (air -quality.org .uk )  

Pollutant  Health effects  Source  

NO2 Shortness of breath  
Chest pains  

Fossil fuel combustion, predominantly power 
stations (21%) and cars (44%)  

 
O3  Irritation to respiratory tract, particularly for 

asthma sufferers  
From NO 2 reacting with sunlight  
 
 

SO2 Impairs lung function  
Forms acid rain that acidifies freshwater and 
damages vegetation  

Fossil fuel combustion, predominantly 
burning coal (50%)  
 

 
CO Long term exposure is life threatening due to 

its affinity with haemoglobin  
Carbon combustion under low o xygen 
conditions i.e. in petrol cars  
 

PM10  and 
PM2.5  

Carcinogenic  
Responsible for 10 000 premature deaths per 

year  

Varied causes, cars (20%) and residential 
properties (20%) major contributors  

 

Trees and shrubs can mitigate the impacts  of air pollution  by directly reducing  airborne 

pollutants as well as reducing local temperatures . Trees may absorb pollutants  through 

their stomata, or simply intercept pollutants  that  are retained on the plant surface 

(Nowak et al ., 2006). This leads to year - long benefits,  with bark continuing to intercept 

pollutants throughout winter (Nowak et al ., 2006). Plants also reduce local temperatures 

by providing shade and by transpiring (Bolund and Hunhammar, 1999) , reducing the 

rate at which air pollutants are formed, particular ly ozone (i.e. O3)  (Jacob and Winner, 

2009) . However , trees can also contribute to ozone  production  by emitting volatile 

organic compounds  (VOCôs) that react with polluta nts  (Lee et al., 2006) . Research 

indicates that, of the trees present in Wrexham, comm on oak, goat willow, poplar and 

sessile oak have the potential to worsen air quality through release of VOCôs (Stewart 

et  al.,  (2002). i -Tree takes the release of VOCôs by trees into account to c alculate the net 

difference in ozone  production and removal . 

It is estimated that 6 0 ton nes of airborne pollutants per year are removed by Wrexhamôs 

urban forest, including NO 2, ozone , SO2, CO and PM 10  and PM2.5 . Ozone  showed the 

greatest re duction by urban trees, demonstrating t hat although trees can  increase ozone  

levels by producing VOCôs, they remove far more than  they produce.  In addition, as 

ozone is produced by trees only in warm temperatures, the cooling benefits of trees 

reduce ozone production overall (Nowak et al., 2000) . 

The pollution removed from the atm osphere can be valued to aid interpretation  of this 

data. In both the USA and the UK, pollutants are valued in terms of the damage they 

cause to society. However, these are valued by slightly different methods in each 

country , using United States Externali ty Costs in the US (USEC) and United Kin gdom 

Social Damage Costs (UKSDC) in the UK. The  UK method does not cover all airborne 

pollutants  (Table 4 ) . 
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Using the US valuation system, £637  500 worth  of pollutants are removed by  urban 

trees in Wrexham (Fig 15 ). Using the UK system, which only accounts for three  

pollutants, £ 669 500  worth of pollutants and removed from the atmosphere (Table 4 ).   

 

Table 4 . Amount of each pollutant removed by the urban forest and its associated value. Dashes 
denote unavailable value s.  USEC denotes United States Externality Cost, UKSDC denotes United 
Kingdom Social Damage Cost  

Pollutant  Mean amount 
removed/ton nes 

per annum  

US value per 
ton ne/£  

USEC value/£  UK value per 
ton ne/£  

UKSDC value/£  

CO   1.51  1714         2585  -  -  
NO2   8.45  12066    101 984   955 (NO x)  8072  

O3 33.97  12066    410 072  -  -  
PM10  11.91  8056      95 877  55 310 (PM)  658 300  
PM2.5    2.66  8056      21 443  55 310 (PM)  -  

SO2   1.87  2954        5 531  1633 (SO x)  3059  

 

 

Fig 15 . Mean pollutants removed by urban trees in W rexham (columns) and 
their associated value (diamonds) as valued using the USA externality 

system. PM 10  excludes particles smaller than 2.5 microns.  

 

The volume of airborne pollutants varied over the year, with a seasonal pat tern evident 

in the removal of  ozone , which was removed in higher  volumes during the summer (Fig 

16 ) . This is because ozone, a product of the combination of NO x and VOCôs, is more 

prevalent in warm temperatures (Sillman and Samson, 1995). This also creates a diurnal 

pattern, with ozone  levels higher during the day than at night (Nowak, 2000). PM 2.5  

removal peaked in January due to high concentrations of the pollutant and thus more 

pollutant to accumulate on the trees and low wind speeds, reducing the amount of 

pollutant suspended into t he air.  
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(a)  (b)  

  

 (c )  

 

Fig. 16 . Monthly pollutants removed by Wrexhamôs urban trees. (a) PM 10ôs and NO2, (b) SO 2, PM2.5ôs and 
CO and (c) O 3 

 

Carbon Storage and Sequestration  
Wrexhamôs trees store a total of 65 773 tonnes of carbon in their  wood, with s ycamore 

storing the greatest  amount (Fig 17 ). This is equivalent to the annual carbon emissions 

of 48 234  homes 7 and equates to 85 % of the carbon emissions produced by Wrexham 

County Borough households 8. Alternatively, this is the equivalent of  the a nnual CO 2 

emissions of 109 015  cars 9, more than (162%) the annual emissions of all cars 

estimated to be owned in the county borough 10 . 

Similarly to  leaf area, carbon storage depends not only on the number of trees present, 

but also their characteristics. In  this case, the mass of a tree  is extremely important , as 

larger trees store more carbon in their tissues . Common  oak  (Quercus robur ) , for 

                                       
7 Based on an average UK household em ission of 5 tonnes of CO 2 per year in 2009 (Palmer and 

Cooper, 2011)  
8 Conservative estimate based on the number of households recorded in the 2011 census for the 

entire county borough (ONS, 2011)  
9 Based on average emissions of 163g/CO 2 per km (DVLA 2013) , with the average UK car 

travelling 13 572km per year (DVLA, 2010)  
10  Based on the average UK car ownership figure of 0.5 cars per person (DVLA, 2013), multiplied 

by the population of Wrexham County Borough (ONS, 2011)  
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