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0.

Introduction
Aims of this Document
Wycombe District Council adopted a new Local Plan in 2019, the plan includes a
number of new development management policies. DM34 Delivering Green
Infrastructure and Biodiversity in Development of the plan includes a requirement
for new development to provide tree canopy cover. This Supplementary Planning
Document (SPD) explains how the Canopy Cover requirements of Local Plan
Policy DM 34 are to be applied and includes a Canopy Cover Calculator
Spreadsheet which can be used to measure existing canopy cover and new canopy
cover requirements.

What is Canopy Cover
Tree Canopy Cover is simply the two dimensional area of trees that cover the
ground when viewed from above. This is the definition which is applied when
considering the retained canopy cover of a site.
For this policy the future value of the canopy cover of new trees is also considered.
As the leaf area of a tree is associated with the benefits it provides the canopy
cover value of new trees is not only associated with the projected canopy spread of
a tree, but also its height and canopy density.
If the canopy cover target is not met through retained and new trees, Green Roofs
and Green Walls can be considered as they are capable of offering similar benefits
to trees which is given a canopy cover value.

The Structure of this Guide
This SPD has been structured in a way to make it simple for applicants to follow the
process of meeting the canopy cover requirement.
The information on page 4 enables screening of an application to assess canopy
cover requirements.
The flow chart on page 5 gives an overview of how canopy cover fits with:




development process as laid out by the Royal Institute of British Architects
(RIBA) plan of works 2013 [1]
the British Standard 5837: Trees in relation to design, demolition and
construction – Recommendations [2] (BS5837:2012), process
the planning process.

The guidance then goes into detail on how to use the Canopy Cover Calculator
(pages 8 to 20) as a design tool and to demonstrate how the canopy cover
requirements have been met.
Pages 21 to 29 go into more detail about the process of meeting the requirement
and the documents which are produced.
The final part of the document is made up of a glossary, references and
appendices.

Status of this guidance
This document is a draft for consultation.
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1.

Policy Requirements
DM34: Delivering Green Infrastructure and Biodiversity in Development
This policy covers a range of requirements, the canopy cover requirements in parts
3 b) and c) of the policy:
3) Development (excluding householder applications) is required as a minimum to:
b) Achieve a future canopy cover of 25% of the site area on sites outside of the
town centres and 0.5 ha or more. This will principally achieved through retention
and planting of trees, but where it can be demonstrated that this is impractical the
use of other green infrastructure (e.g. green roofs and walls) can be used to deliver
equivalent benefit;
c) Within town centres and on sites below 0.5 ha development is required to
maximise the opportunities available for canopy cover (including not only tree
planting but also the use of green roofs and green walls);

Location
There are three town centres where the requirement is to ‘maximise’ canopy cover
rather than provide a future 25%, these are High Wycombe, Princes Risborough and
Marlow (see Appendix 3 for larger images of town centres).

Figure 1. Wycombe District Town Centres
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2.

Process of fulfilling the Canopy Cover requirement
The Canopy Cover Process Flow Chart.

Figure 2. Canopy Cover Process Flow Chart – RIBA Plan of Work 2013 Stages [1]
(left) Planning Stages (right).
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Flow Chart description
The flow chart starts on the top left and primarily flows down and to the right.
The majority of processes and documents will be familiar as they are common to
many planning applications. However, there are some additional pieces of
information required to support the application of canopy cover.

Inputs, Processing and Outputs
Successfully designing a development to meet the canopy cover requirements,
necessitates collecting the right information, at the right time, processing it in the
right way with the design process and then producing appropriate documentation to
demonstrate how canopy cover will be delivered.

Survey
Surveys are required to provide baseline information for the design process. The
yellow boxes in the flow chart show the required surveys, further information about
these surveys is contained within section 3.2.

Assess
Some of the information from the surveys is used to create documents and
information which is useful in the design process. In the above flow chart these are
considered within the blue box.

Design
The design process is primarily represented in the flow chart by the large blue box.
This interacts with the Canopy Cover Calculator which is both an assessment and a
design tool, the Canopy Calculator is represented in the flow chart by 4 light green
rhombus shaped boxes. It is used alongside the design process as a tool to assess
progress towards the canopy cover target. The process of using the Canopy Cover
Calculator is introduced in section 2.3 and detailed in section 2.6 to 2.11.
Connecting the design process (large blue box) and the Canopy Calculator are
three sets of documents in orange boxes with a wavy line underneath (further
information about these documents is contained within section 3.4), these
documents and the Canopy Cover Calculator need to be submitted with a planning
application to demonstrate how the canopy cover target will be met and enable a
determination to be made.

Technical design detail
These documents and plans (dark green boxes with a wavy line underneath) set
out the finer detail of how canopy cover will be achieved. Management Plans (khaki
green box with a wavy line underneath) will explain how the elements providing
canopy cover are established, protected and maintained in the long term (see
sectin 3.6). If these documents are not submitted prior to determination a condition
will require them to be submitted and approved in writing prior to commencement.
Further information about these documents is contained within section 3.5.
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Delivery Supervision and monitoring
The lavender coloured boxes show the process and the documentation needed to
show that the retained trees have been properly protected and that new trees and
GI Elements have been properly installed. The documentary evidence showing this
must be submitted and signed off prior to occupation.
Further information about these documents is contained within section 3.7.
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The Canopy Calculator Spreadsheet
The Canopy Calculator Spreadsheet is a tool which provides a consistent method
for understanding and meeting the canopy cover requirements it is best used whilst
iterating and refining site design and layout. It will then need to be submitted with
applications as a key document showing how canopy cover requirements are met.
The Spreadsheet contains seven worksheets, numbered 0-6. The first contains
basic instruction for using the Canopy Calculator, the next four are filled in by the
applicant and checked during consideration (Figures 3, 4, 5, 6). The final two
contain look up tables (Figures 7 & 8) needed for the functioning of the Canopy
Calculator. (A download link for the spreadsheet is contained in Appendix 9).

Calculation Worksheets

Figure 3. (1.) Site Summary Worksheet
• This worksheet contains the summary of site
information and canopy calculations. It is the first
worksheet to be used and is the last to be referred
to in the process before making an application.

Figure 4. (2.) Retained Canopy
Worksheet
• This is used for calculating retained tree canopy in
m2. If there are existing trees on site this worksheet
is the next to be filled in with tree survey
information.

Figure 5. (3.) New Canopy Worksheet
• This worksheet is filled in as landscape design
begins to be is worked out. It predicts the future
canopy value in m2 on the basis of proposed new
tree planting. It also informs the design and layout
of the soil for trees to grow in.

Figure 6. (4.) New Green Infrastructure
Elements Worksheet
• This worksheet is used to calculate canopy value
in m2 of new GI Elements, these elements are only
required if the canopy cover target can not be met
by using trees alone.
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Reference Tables

Figure 7. (6.) Species List
The ‘Species List’ worksheet is based on the Trees and Design Action Group’s
(TDAG) ‘Tree Species Selection for Green Infrastructure: A Guide for Specifiers’ [3].
An extra 111 species were added to the TDAG spreadsheet, so to were additional
columns giving expected height and crown diameter after approximately 25 years.
Columns have also been added for use in calculations for Canopy Cover Value and
required soil volume.
The worksheet functions as a Look Up Table for other worksheets and it can be
used as a reference for tree species selection in the design process.

Figure 8. (7.) Look Up Tables
A user need not refer to the ‘Look Up Tables’ worksheet unless they want to have
an understanding of some of the calculations which take place in the background.

Hierarch of preference to fulfil the Canopy Cover Target
Meeting the Canopy Cover Target will require creative design solutions, developed
through an iterative approach.
There is a three step hierarchy of preference for meeting canopy cover
requirements. Only once one has been exhausted is it appropriate to move on to
the provision of the next:
1. Retain Trees,
2. Plant New Trees,
3. New Green Infrastructure Elements (e.g. green roofs and green walls),
The ‘Site summary’ worksheet should be referred back to as the design process
continues to check on progress towards meeting the target.

9

Overview of the Process Illustrated on Plan
KEY

Figure 9. Site area and exclusions
The Topographic Survey, Ecological Desk Study and
Habitat Survey and Utilities search/survey, are the first
three surveys shown on the Canopy Cover Process flow
chart (Figure 2.). They are initially used to clarify the red
edge site area and areas which should be excluded from it,
when considering the area against which the 25% target is
applied. See section 3.2 for further survey information.
This information is used in the ‘Site Summary’ worksheet of
the Canopy Calculator. See section 2.7 and Figure 13
Figure 10. Retained Canopy
Tree Survey and Categorisation is carried out in line with
BS5837:2012[2] (see para 3.2.2.1 to 3.2.2.7). Tree details
are plotted on a Tree Retention and Removals plan as per
the first orange box in the Canopy Cover Process flow chart
(Figure 2.) (see para 3.4.2 to 3.4.3).
This information is used for calculating the existing and
retained Canopy Cover using the ‘Retained Canopy’
worksheet of the Canopy Calculator (See section 2.8). A
layer containing tree and other constraints can be included
on plans used as a design tool (see section 3.3).
Figure 11. New Canopy
New tree planting can only be determined in coordination
with the wider site layout and design. By referring to the
‘Site Summary’ worksheet, the balance of canopy cover
area which tree planting could provide can be known.
The canopy size at planting and the projected canopy size
must be plotted on plans to aid in calculation of new canopy
cover. This is done on the ‘New Canopy’ worksheet of the
Canopy Calculator, (see section 2.9).
Further details will also be required on plans as per the
second orange box on the Canopy Cover Process flow
chart (Figure 2.) (see section 3.4).
Figure 12. New GI Elements
As per the third orange box on the Canopy Cover Process
flow chart (Figure 2.) the area of GI elements must be
included on a plan (see para 3.4.5 to 3.4.6) if required by
the Hierarch (see section 2.4).
If required, all elements contributing to meeting the Canopy
Cover target must be shown together on a plan.
The ‘New GI Elements’ worksheet of the Canopy
Calculator, is used to calculate the canopy cover value of
the new GI Elements, (see section 2.11).
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Using the Canopy Calculator Spreadsheet
Site Summary worksheet
This sheet is used at the beginning of the process for recording the baseline
information about the site. It can then be revisited through iterations of design and
layout to monitor progress towards the target. Once the design has been finalised it
summarises how well the site has met the policy.

Figure 13. Extract from Canopy Calculator – Site Summary Sheet

Reference information Cells ‘C4’, ‘C5’, ‘F4’ and ‘F5’ (Purple Box)
Information entered into these boxes is automatically copied across to the other
relevant worksheets.
Cell ‘C4’ - The Application Number can only be filled in once application has been
registered and so this will normally be done by the Local Planning Authority.
Cell ‘C5, F4 & F5’– (Date, Site Name/Address & Assessor) will be filled in by the
applicant when they submit the Canopy Calculator.

Baseline site information Cells ‘C8’, ‘C9’ and ‘C10’ (Red Box)
All area values below are to be given in m2.
Cell ‘C8’ – Once the area within the red edge is calculated it will be entered here.
Cell ‘C9’ – The area of the site which is protected habitat (or appropriate buffers
around it) which would not benefit from additional tree planting. See section 3.1.2
for more information about the types of habitat and surveying for them.
Cell ‘C10’ – Other areas excluded from calculations are entered here, e.g. utility
corridors. Further information on these exclusion can be found in para 3.2.15 to
3.2.20.

Baseline Calculations Cells ‘C11’ and ‘C12’ (Blue Box)
Cell ‘C11’ – The net site area is shown in this cell. This is the red edge area, minus
exclusions.
Cell ‘C12’ – This is 25% of the net site area expressed in m2.
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Supplementary Comments Column ‘E’ (Green Box)
The comments boxes should be used to give reference information about the
source of the information used. Other relevant comments can also be made here.

Retained Canopy worksheet
This worksheet can be used as soon as the tree survey information is available to
understand the existing canopy cover of the site. If trees are then proposed to be
removed from the site for arboricultural or design and layout reasons, these trees
can be removed from the calculations by changing column ‘O’ from ‘Retain’ to
‘Remove’.
Information required to support this worksheet is indicated in the first orange box in
the Canopy Cover Process flow chart (Figure 2.). See para 3.4.2 to 3.4.3 for
information.

Figure 14. Extract from Canopy Calculator – Retained Canopy Calculator

Tree Survey Information columns ‘B’ to ‘H’ (Purple Box)
Information derived from the tree survey is entered into cells ‘B’ to ‘H’, see para
3.2.21 to 3.2.22 for more information of tree surveying.
Column ‘B’ is a drop down list to select either ‘Tree’ or ‘Group’.
Column ‘C’ is used for the tree or group reference number which will be a number
preceded by either a ‘G’ or a ‘T’.
Column ‘D’ is a drop down list which includes nearly 400 species/subspecies. If the
list does not contain the surveyed tree or if it is a group with more than one species,
the details of the trees can be typed directly into the cell.
Columns ‘E’ to ‘H’ are used to enter the crown measurements at the cardinal
points for individual trees. These cells are not filled in if it is a group, or if the
canopy of the tree is calculated using a CAD or GIS programme.
Column ‘I’ is the ‘Canopy as Drawn (m2)’. This is automatically calculated if
columns ‘E’ to ‘H’ are filled in. Alternatively, the canopy area can be entered directly
into column ‘I’ it must be demonstrated how this has been calculated in an accurate
and reliable way. The canopy cover area of groups cannot be calculated from
cardinal points and must therefore be calculated elsewhere and entered directly
into cell ‘I’. When the canopy area of groups is calculated in this way, significant
gaps in the canopy between trees must be deducted before the area is entered.
If a tree or group (e.g. Trees T1 – T3 and Group G6) has its canopy entirely within
the site, it does not overlap another tree, will have no planned tree surgery works
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and will not have its Root Protection Area (RPA) encroached in to. The figure
calculated in column ‘I’ will be automatically transposed into column ‘P’ (Canopy
after deductions (m2)).

Figure 15. The Canopy Area as Drawn for trees
T1-T3, and group G6 shown.
Column ‘M’ is used for the Root Protection Area (RPA) of trees, this is an area
derived from trunk measurement calculations. This measurement is not required for
calculations.

Canopy reductions columns ‘K’ to ‘N’ (Red Box)
Columns ‘K’-‘N’ are used where the canopy area needs to have a reduction
applied to it to make it an accurate reflection of what will be retained.
Column ‘K’ is for entering areas of the canopy outside the site which need to be
deducted from its area, this is done irrespective of whether the base of a tree is on,
or off site. The canopy area of the whole tree or group is calculated and then the m2
area, of the portion which is outside the site is entered into Column ‘K’ “Area of
Canopy outside site (m2)”.
Note: for trees based outside the site, they must not be included in calculations if
they are categorised as ‘U’ according to BS5837:2012[2].

Figure 16. Trees T4 and T5 overhang the red edge,
canopy areas inside are included.
Column ‘L’ is for entering areas of the canopy which overlap each other to avoid
double counting.
The overlapping area must be divided between the respective trees.
Here are two examples:
1. The area between T7 and T8 must be divided in two and the area is then
entered into column ‘K’ “Canopy overlap to subtract (m2)”, for each tree.
2. For trees T9, T10 and T11, half the overlap for each pair of trees is added to
a third of the overlap between the three trees, this is entered into column ‘K’
for each respective tree.

Figure 17. Overlapping canopies.
Column ‘M’ is for entering areas of the canopy which will be removed through tree
surgery. Tree surgery can be required for arboricultural reasons or to ensure that a
retained tree can fit with development proposed around it. The exact m2 area of a
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canopy reduction might not be known precisely so it should be estimated as
realistically as possible.
Column ‘N’ is for entering the percentage encroachment into a trees Root
Protection Area (RPA). Damage to tree roots will result in a reduction to the
functioning of the crown and therefore, this percentage is used to reduce the
canopy cover area value of the tree.
Columns ‘M’ and ‘N’ cannot be filled in accurately until designs are fixed and the
Arboricultural Impact Assessment has been produced. Therefore outline
applications may not be able to be definitive about these reductions. Every effort
should be made to give realistic estimates, these can then be refined during
reserve matters.
The areas of retained canopy and any reductions must not only be shown on the
‘Retained Canopy’ worksheet of the Canopy Cover Calculator but also be illustrated
on Tree Retention and Removal plans and included on Masterplans, see para 3.4.2
to 3.4.3 for more detail.

Retain or Remove column ‘O’ (Blue Box)
Column ‘O’ will be set to show ‘Retain’ when the worksheet is first used. As it
becomes apparent that trees will be removed for arboricultural or design reasons,
this can then be changed to ‘Remove’ using the drop down list.

Canopy Totals column ‘P’ (Green Box)
Column ‘P’ will show the canopy area for trees and groups following the
application of any relevant reductions.
The totals for existing, removed and retained trees are shown in cells ‘P4’, ‘P5’ and
‘P6’ respectively.

Comments column ‘Q’ (Orange Box)
Column ‘Q’ is used for making any relevant comments about the tree or group in
question.

Canopy Balance Check
Once retained canopy cover has been calculated the ‘Site Summary’ worksheet
should be referred to. This will show if there is a shortfall in meeting the target in
cells ‘C16 & C17’. If there is a short fall the next step is to look to meet the
requirement through new canopy cover as per the hierarch of preference in section
2.4.

Planning New Tree Planting
The ‘New Canopy’ worksheet should be used alongside the iterative design and
layout process with input from appropriate professionals.
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Landscape Architects, Arboricultural Consultants and SuDS professionals should
make themselves particularly familiar with the following aspects of trees which are
available in the ‘Species List’ worksheet:
1. The projected contribution to achieving canopy cover of different species,
(column ‘X’)
2. The projected crown size and shape of trees and how they will fit in with
existing and proposed above ground structures, (columns ‘AE’, ‘AF’ and ‘L’)
3. The volume of soil which is required for trees to meet their projected size,
(column ‘Z’ once a soil type has been entered into cell ‘Z3’).
Engineers with an understanding of Highways, Utilities and structural requirements
for surfaces must be involved when considering the location of trees in hard
landscapes. TDAGs Trees in Hard Landscapes – A Guide to Delivery [4], should be
referred to.

New canopy worksheet
The ‘New Canopy’ worksheet should be used alongside the iterative design and
layout process with input from appropriate professionals. It is used to calculate the
projected canopy cover value of new trees and also includes a ‘Soil Calculator’
which calculates the required soil volume for each tree on the basis of the soil it will
be planted into.
Information required to support this worksheet is indicated in the second orange
box in the Canopy Cover Process flow chart (Figure 2.). See para 3.4.4 for more
information.

Figure 18. Extract from Canopy Calculator – New Canopy Calculator

New Tree Information columns ‘B’ to ‘D’ (Purple Box)
Information to be shown on the new tree planting plan relates to cells ‘B’ to ‘D’, see
section 3.4.4 for more information on the tree planting plan.
Column ‘B’ is used for the new tree reference number which will be a number
preceded by ‘NT’.
Column ‘C’ is a drop down list which includes nearly 400 species/subspecies. If the
list does not contain the proposed tree, the closest species/subspecies in the list
should be entered and a note should be made in the comments column ‘O’.
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Column ‘D’ uses a look up table to automatically fill in the tree’s canopy cover
radius. This radius is used to draw a circle to illustrate the projected canopy cover
on plans. A smaller circle should also be drawn for each tree illustrating its size at
planting.

Canopy Overlap columns ‘E’ and ‘F’ (Yellow Box)
Column ‘E’ is used to enter canopy overlaps in m2.
By illustrating the projected canopy size on the Tree Planting Plan overlaps of the
projected canopy will become clear.
Where there is an overlap with other new trees, the overlap is divided between the
trees, in the same way as with retained trees (see the description for column ‘L’ in
para 2.5.25 to 2.5.27).

Figure 19. Canopy cover of new trees, at planting and
projected. Also illustrating overlap between projected
canopies.
If the projected canopy of a new tree overlaps with that of retained trees or with the
red edge of the site, the whole overlap is deducted from the new tree.
Column ‘F’ automatically converts the overlap from column ‘E’ to a percentage in
column ‘F’.

Canopy Cover Value columns ‘G’ and ‘H’ and cells ‘H7’ to ‘H9’ (Red
Box)
Column ‘G’ uses a look up table to automatically fill in the tree’s Canopy Cover
value in m2 before overlaps are taken into account.
Column ‘H’ will show the canopy cover value in m2 for new trees, following the
reduction of the value in column ‘G’ by the percentage in column ‘F’.
The totals of the Canopy Cover value of new trees is added together and returned
in cells ‘H7’ and ‘H8’ for ‘New Imported Soil’ and ‘Retained on Site Soil’
respectively. The total Canopy Cover value of all new trees is calculated in cell ‘H9’.

Soil calculator
The right hand side of the ‘New Canopy’ worksheet is used for calculating the
required soil volume for each new tree. This is crucial, as new trees will only ever
grow to their projected size if they are provided with sufficient soil volume. The
calculations in this section of the spreadsheet are based upon the work of Lindsey
and Bassuk in Arboricultural Journal 1992, Vol 16 pp 25-39 [11]. More information
about the resources trees need to grow and the soil calculations can be found in
Appendix 2.
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Soil provision cells ‘K4’ and ’K4’ and columns ‘J’ to ‘L’ (Blue Box)
Cell ‘K3’ – This cell contains a drop down list for selecting ‘New Imported Soil’.
When trees are planted into urban situations, the soil they are provided with to
grown in will usually be new imported soil. It is likely that the same soil will be used
consistently in all new tree soil volumes across a site.
The type of soil is important, as different types of soil have different Available Water
Holding Capacity (AWHC). The type of soil will have an impact upon the total
volume of soil the tree will require. When selecting a soil to use it is important to
check with suppliers to ensure that it is appropriate for the circumstances.
Cell ‘K4’ - This cell contains a drop down list for selecting ‘Retained on Site Soil’.
When trees are planted into open situations, they are usually planted into soil which
is retained on site.
The survey of the existing soil on site (para 3.2.23 to 3.2.27) will inform whether the
soil will be retained, protected and perhaps remediated for new tree planting. How
this will be achieved will be explained in an accompanying report (see para 3.5.10).
It is assumed that the retained soil on site will be a consistent type (and that
protection and remediation will ensure it is suitable for planting).
Column ‘J’ - The ‘Soil Source’ entered can either be ‘New Imported Soil’ or
‘Retained on Site Soil’.
Column ‘K’ - The Available Water Holding Capacity (AWHC) is automatically
entered on the basis of a look up table.
Column ‘L’ – A formula in this cell calculates the required soil volume in m 3
before any reductions are applied.

Shared Soil &/or part of SuDS chain column ‘L’ (Orange Box)
Column ‘M’ – If a tree is planted in a new soil volume and this is either
shared or part of a SuDS chain then it not need quite as much soil volume to be
provided and ‘Yes’ should be entered into the corresponding cell in this column.
It is generally accepted that a tree which is planted into a shared soil volume
with other trees will need approximately 20% less soil volume to grow to its
projected size.
If a tree is properly incorporated into a SuDS chain which ensures that its soil
volume will receive a more significant water recharge when it rains (it must also be
able to drain so the environment does not become anaerobic) it is also appropriate
to reduce its required volume by 20%. It must be understood that not all soil types
will be suitable for use with a SuDS system. (See Appendix 2, Figure 23.)
A reduction of 20% can only be applied once even if it is in both a shared soil
volume and incorporated into a SuDS chain.

Required Soil Volume column ‘N’ and cells ‘J7’ to ’J9’ (Brown Box)
Column ‘N’ will show the required soil volume in m3 for new trees, following
any reduction due to ‘Yes’ being entered into column ‘M’.
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The totals of the required soil volumes of new trees is added together and
returned in cells ‘J7’ and ‘J8’ for ‘New Imported Soil’ and ‘Retained On Site Soil’
respectively. The total Canopy Cover value of all new trees is calculated in cell ‘J9’.

Comments column ‘O’ (Pink Box)
Column ‘O’ is used for making any relevant comments about the new tree in
question.

Canopy Balance Check
Once retained and new canopy cover has been calculated in the ‘Retained
Canopy’ and ‘New Canopy’ worksheets respectively, the ‘Site Summary’ worksheet
should be referred to. This will show if there is a shortfall in meeting the target in
cells ‘C16’ & ‘C17’. If there is a short fall, the next step is to look to meet the
requirement through Green Infrastructure Elements, as per the hierarch of
preference in section 2.4.

Green Infrastructure Elements worksheet
The ‘New GI Elements’ worksheet should be used alongside the iterative design
and layout process with input from appropriate professionals
Green Infrastructure Elements mentioned in Policy DM34 are Green Roofs and
Green Walls. Like trees they result in vegetation being located above ground level
and as they are included on buildings they can be incorporated into a development
without additional land area.
The leaf area per m2 of vegetation to be found on a Green Roof or Green Wall is
less than that of tree canopy cover per m2. This is primarily due to there being a
close relationship between the volume of soil plants have to grow in and their leaf
area. So the Ecosystem Services which Green Infrastructure Elements deliver is
proportionately less than trees.
A factor is used for each type of Green Infrastructure Elements which is multiplied
by the m2 area of the element. This enables the Canopy Cover value to be
calculated.
Information required to support this worksheet is indicated in the third orange box in
the Canopy Cover Process flow chart (Figure 2.). See section 3.4 for more
information.
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Figure 20. Extract from Canopy Calculator – New GI Canopy Calculator

New Green Infrastructure Element Information columns ‘B’ to ‘D’
(Purple Box)
Information to be shown on the new Green Infrastructure Elements plan relates to
cells ‘B’ to ‘D’, see para 3.4.5 to 3.4.6 for more information.
Column ‘B’ is used for the new Green Infrastructure Elements reference number
which will be a number preceded by the letters ‘GI’.
Column ‘C’ is a drop down list which includes a list of 17 Green Infrastructure
Elements.
Column ‘D’ is used to enter the area of the Green Infrastructure Element in m 2.

GI Factor column ‘E’ (Orange Box)
Column ‘E’ - uses a look up table to automatically fill in the GI Factor for the
Green Infrastructure Element chosen.

GI Area Value m2 column ‘F’ (Red Box)
Column ‘F’ – is the product of the area of Green Infrastructure Element in
column ‘D’ multiplied by the GI Factor in column ‘E’.
The total of all the GI Area Values is added together and automatically
entered into cell ‘C10’.

Comments column ‘G’ (Pink Box)
Column ‘G’ is used for making any relevant comments about the GI Element
in question.

Canopy Cover Balance
As designs evolve with iterations and the totals for the Retained Canopy, the New
Canopy and New GI Elements worksheets change, the Site Summary worksheet
keeps track of the Canopy Cover Provided.
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Figure 21. Extract from Canopy Calculator – Site Summary Sheet

Sub totals from worksheets cells ‘C13’, ‘C14’ & ‘C15’ (Blue Box)
Cells ‘C13’, ‘C14’ & ‘C15’ – contain the totals from the ‘Retained Canopy’, ‘New
Canopy’ and ‘New GI Elements’ worksheets respectively.

Total and Balance cells ‘C16’ & ‘C17’ (Red Box)
Cell ‘C16’ – This cell is the sum of above three cells and is the total canopy cover
area which will be provided in the new development.
Cell ‘C17’ – This cell is the balance between the ‘Canopy Cover Area Required’ in
‘C12’ and the ‘Canopy Cover Area Provided’ in ‘C16’. If it is positive this cell will be
coloured green, if it is negative it will turn red.
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3.

Supporting Documents and Processes
The Canopy Cover Process Flow Chart (Figure 2.) shows documents and
processes which have a particular role in fulfilling the Canopy Cover requirement.

Surveys
Surveying is required to collect baseline information which must be properly
assessed when making informed decisions on how the policy will be achieved
through the design and layout of the site. Good survey and assessment will enable
evidence based decisions to be made, and will save time later on.
Different surveys inform different stages of the calculations.

Topographical Survey
A topographical survey is often the first survey to be undertaken on a site, it
provides the baseline for the further surveys and will allow the applications red
edge site area to be plotted and calculated accurately. This is required for cell C8 of
the ‘Site Summary’ worksheet.
Topographical surveying should follow the Royal Institute of Chartered Surveyors
(RICS) guidance: ‘Measured surveys of land, buildings and utilities’ [5].
The topographical survey must also include the detail set out in section 4.2 of
BS5837:2012 [2].
It is recommended that prior to commissioning a topographical survey a discussion
is had with the arboricultural consultant to ensure all necessary information is
gathered.

Preliminary Ecological Appraisal (PEA)
In most instances commissioning a PEA is the most efficient way to establish all the
important habitat information required to determine ecological restrictions on tree
planting. It will also contain information about other ecological opportunities and
constraint relevant to design and layout and inform whether further ecological
surveying is required.
The Chartered Institute of Ecology and Environmental Management’s (CIEEM)
Guidelines for Preliminary Ecological Appraisal (3), should be followed when
carrying out a PEA.
Understanding whether there are habitats, which would not have their special
nature enhanced through the planting of trees, (e.g. chalk grassland) is important
as these areas must be excluded from the red edge site area before calculating the
m2 area required to meet the 25% Canopy Cover target for the site.
The habitat designations of relevance are found in the supporting text for Policy
DM13 of the Development and Site Allocations Document (DSA). They are
reproduced here for convenience:
Sites of national or international importance




Special Areas of Conservation (SAC)
National Nature Reserves (NNR)
Sites of Special Scientific Interest (SSSI).

Sites of local importance
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•
•
•
•
•
•

Local Wildlife Sites (LWS)
Biological Notification Sites (BNS)
Local Nature Reserves (LNR)
Local Geological Sites (LGS)
Ancient Woodland, aged or veteran trees
UK Biodiversity Action Plan (BAP) Priority habitats (Habitats of Principle
Importance).

Note that a desk study will source information about a site from the internet and
from the Buckinhamshire and Milton Keynes Environmental Record Scentre
(BMERC), howvever a desk study alone cannot identify all Priority Habitats nor
aged and veteran trees.
Where the area of these habitats (and appropriate buffers around them), would not
have their special nature enhanced through the planting of trees, their area in m2 is
entered into cell ‘C9’ on the ‘Site Summary’ worksheet of the Canopy Cover
Calculator.

Utility Survey
Existing utilities can sometimes constrain the locations available for tree planting,
due to wayleaves, easements and covenants. These areas must therefore be
excluded from the red edge site area used for calculating the m2 area equating to
25% Canopy Cover for the site.
It may be possible to discover the location of utilities to a sufficient degree of
accuracy through undertaking online searches, however in some instances it may
be necessary to undertake utility surveys.
Utility Surveys should be undertaken in accordance with ‘The Essential Guide to
Utility Surveys Using PAS128:2014 Specification for Underground Utility Detection,
Verification and Location’ [6].
Information from the utilities searches and surveys can also inform the routing of
new utilities, this information must therefore be fed into site design and layout
considerations (see para 3.2.26).
The area covered by such restrictions is to be entered into cell ‘C10’ of the ‘Site
Summary’ worksheet of the Canopy Cover Calculator.

Other Surveys to Inform Exclusions
There may be other restrictions which limit tree planting on a site, these will need to
be accurately surveyed and fully justified with documentary evidence before they
can be excluded from the red edge site area. If they are accepted they will be
added to exclusions in cell ‘C10’ of the ‘Site Summary’ worksheet of the Canopy
Cover Calculator.
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Tree Survey & Categorisation
Tree surveying and categorisation must be undertaken by an Arboricultural
Consultant in accordance with sections 4.4 and 4.5, of BS5837:2012 [2]
The surveying and categorisation informs:




An understanding of the constraints, existing trees present to development of
the site. These constraints are often represented on a Tree Constraints layer
which can be overlaid on plans (in line with section 5.2 and 5.3 of
BS5837:2012[2]), they may be shown with other constraints which are
relevant to new tree planting. This information is used to determine the site
design and layout (see section 3.3).
Calculations of the sites’ existing, and then retained canopy cover using the
on the ‘Retained Canopy’ worksheet of the Canopy Cover Calculator.

Soil Survey
The successful growth of trees is influenced by a range of factors (see Figure 23 of
Appendix 2), one of the most significant and easily influenced at planting, is the soil
in which a tree is planted. Although new trees on development sites will often be
planted into newly imported soil, many trees will be planted into soil which is
retained on site.
It is therefore important to understand the existing soil conditions to inform:




Which areas will be suitable for new planting and should be protected,
Which areas can be successfully remediated to accommodate planting,
Whether soil which might be stripped from areas can be reused for planting
in other areas.

Soil surveying will need to be undertaken in line with section 4.3 of BS5837:2012[2]
and section 4.1 of the ‘Construction Code of Practice for the Sustainable Use of
Soils on Construction Sites’ [7].
Information about the site’s soil should be fed into site design and layout
considerations (see section 3.3).
The soil survey/report must accompany the ‘New Canopy’ worksheet of the Canopy
Cover Calculator, to corroborate the entry into cell ‘K4’ (Retained on Site Soil).
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Iterative Design with Consideration of Constraints and Opportunities
Understanding the constraints and opportunities on a site is of paramount
importance when designing a successful development. A subset of these
constraints and opportunities are equally important to successfully retaining existing
and establishing new trees. Plotting this information on a plan will simplify the
design process.

Existing constraints and opportunities
The information collected from tree, soil, utility, and perhaps other surveys can be
combined on a plan to show the existing constraints and opportunities for planning
new tree planting, as well as other elements of landscape design.

Tree Retention
Trees are categorised when surveyed for their retention value for arboricultural,
landscape and cultural reasons. The category they are given may determine
whether they are to be retained and so too may the design objectives of the
developer.
The position of trees and their current and future size should be considered in
relation to the position of structures and uses. There can be pressure to remove
trees where the juxtaposition is inappropriate, for example when a garden is
completely shaded.
The position of retained trees will influence the where new trees can be planted, as
new trees will not thrive if planted under the canopy of an existing tree and if one is
planted very close to a retained tree its growth will be affected.
Note that some trees may be categorised as ‘U’ and so would be recommended for
removal on arboricultural grounds, however there may be ecological reasons which
make their retention desirable. Tree retention information is used in the ‘Retained
Canopy’ worksheet of the Canopy Calculator, (see section 2.8).

Retained Soil
Retained soil may in some instances be an asset which can be used or reused
directly for tree planting. In some instances soil may be useable following
cultivation or addition of nutrients. However on some sites, especially ex-industrial
sites, soil may be contaminated require removal.

Retained Utilities
Utilities such as gas pipe lines, electrical power lines or fibre optic cables may
restrict the way in which a site can be designed, this includes where new trees can
be planted.

New constraints and opportunities
Elements of new design will create new constraints and opportunities for tree
planting and incorporation of Green Infrastructure Elements.
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New designs have to constantly address conflicts of interest between different
design objectives. Mutually beneficial solutions should always be sought wherever
possible.

Above ground
Above ground, tree canopies can occupy the same space (when seen in plan view)
as other uses, such as car parking or play areas. With the right choices of tree,
these can be mutually beneficial situations, but poor tree choice can cause
unnecessary conflict. The multiple benefits which trees can deliver should therefore
be taken into account when considering where to plant and also which tree species
to plant.
The adage ‘right tree, right place for the right reason’ should be followed.
The ‘Species List’ worksheet in the Canopy Cover Calculator contains a lot of
useful information about tree species to aid design decisions.
There are a range of features which are designed into new developments which
conflict with the position of trees.
Lighting strategies can come into conflict with trees as lighting columns need to be
positioned so that trees do not block a significant amount of their light.
Consideration should be given to what function lighting is performing and if it is
really necessary, whether there are other ways in which it could be provided which
does not create a conflict with trees, e.g. lighting on bollards. It should be noted that
lighting can also adversely affect wildlife, and the enjoyment of the night sky.
Closed Circuit Television cameras (CCTV) can potentially come into conflict with
new and retained trees as it needs clear lines of sight. Research shows that well
treed neighbourhoods have less crime and so trees are likely to have a greater
preventative impact than CCTV. If CCTV is considered absolutely necessary, it is
better to manage trees so there are views underneath them and to position CCTV
cameras to take advantage of the raised canopies.

Below ground
The below ground environment is crucial to how a tree grows, there is a direct
correlation between roots and shoots and yet because the world below ground is
unseen, this is where problems with a trees health often originate from.

Protecting soil
On development sites, the below ground environment is too often considered as
solely serving a function to built structures. For example: hard surfaces require
solid foundations and this is usually achieved through compacting soil to the point
(bulk density) where it is structurally stable.
Compaction also occurs as a consequence of normal development activities if there
has been no planning for the protection of soil, it is therefore necessary to follow
the ‘Construction Code of Practice for the Sustainable Use of Soils on Construction
Sites’.[7]
The process of compaction removes pore space which makes soil impenetrable to
roots and removes its capacity to hold and transport air and water. Therefore,
where trees are to be planted in urban environments, sub surface systems (see
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‘Technical Design Solutions’ in TDAG’s Tree In Hard Landscapes – A Guide to
Delivery (7)) need to be put in place to fulfil any structural requirements whilst
leaving the soil to serve the biological needs of trees planted into it.
The type of soil which is provided is crucial to the growth of trees, see Figure 23 of
Appendix 2 for more information.

Sustainable Drainage Systems (SuDS)
Sustainable Drainage Systems (SuDS) are often designed purely to deal with a
quantity of surface water run-off in an engineered system. However, SuDS should
be seen as multifunctional system which support wildlife and landscape objectives
at the same time.
Where tree soil volumes, are incorporated into a SuDS scheme, they have the
capacity to hold and filter water as it passes through, and support the growth of
trees at the same time.
If trees are not incorporated into SuDS systems there can be a conflict between the
two which creates inefficiencies in the use of space and potentially extra cost.

New Utilities
Underground utilities must be planned alongside tree retention and new tree
planting to maximise the efficiency of the use of space and avoid conflicts. The
details for new tree planting must then be approved at the same time as
underground services and shown together on plans which reveal the position of
those utilities in relation to soil volumes for tree growth.

Documents to support Canopy Calculator submission
Arboricultural Impact Assessment
The Arboricultural Consultant will use information detailed in 5.2 and 5.3 of
BS5837:2012 [2] to produce the Arboricultural Impact Assessment in accordance
with section 5.4 of BS5837:2012 [2].

Tree Retention and Removal Plan
The tree survey (para 3.2.21 to 3.2.27) and design proposals will inform the
production of a Tree Retention and Removals plan. This plan must include:










Tree or group numbers,
The canopy area of trees and groups,
Tree retention category, (using colour and/or letter and number),
Root Protection Areas, the shape of which must be adjusted to reflect known
constraints to rooting,
Trees selected for retention should have their canopy marked with a solid
line,
Trees selected for removal should have their canopy marked with a dashed
outline,
Areas of overlap between tree canopies,
Areas of canopies which hang outside the site,
Areas of tree canopy which are to be removed through tree surgery,

This plan may also show other constraints which trees present such as shading.
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Tree Planting Plan & other constraints
If new trees are to contribute towards the canopy cover requirements of the site
then the following information must be shown on plan prior to a planning decision
being made on the application:











New tree number, as a cross reference to the ‘New Canopy’ worksheet in
the Canopy Calculator,
Canopy size at planting shown as a small circle,
Canopy size of future canopy size as a larger circle (this is derived from the
canopy radius in column ‘D’ of the ‘New Canopy’ worksheet in the Canopy
Calculator, after the species has been selected),
Annotation showing the Canopy Cover Value (m2) after reductions, as taken
from column ‘H’ on the ‘New Canopy’ worksheet in the Canopy Calculator,
The location of where the soil volume will be provided for the tree to grow in.
The depth and volume of soil for tree growth,
The soil type (either to be provided as ‘New Imported Soil’ or to be
protected/remediated as ‘Retained on Site Soil’, as shown in cells ‘H3 and
H4’ in the ‘New Canopy’ worksheet in the Canopy Calculator. Documentary
evidence must be submitted to support the soil type entered into these cells.
Location of constraints to trees above and below ground, (primarily utilities
see section 3.3),
Location of SuDS systems which will be incorporated with tree pits.

Green Infrastructure Elements Plans
Where Green Infrastructure Elements are included, they must be shown on a plan
to be submitted with the Canopy Calculator. This could be a stand-alone plan or the
detail could be incorporated on to the Tree Planting Plan.
The following detail must be included:



The GI Element number, as a cross reference to the ‘New GI Element’
worksheet in the Canopy Calculator,
The GI Area Value in m2.

Where Green Walls are to be incorporated, elevations must be shown.

Technical Design Prior to Commencement
Tree Protection Plan (TPP) and Arboricultural Method Statements
(AMS)
Trees, which are to be retained, will be included Tree Protection Plans and in
Arboricultural Method Statements (in line with section 6 of BS5837:2012 [2]), to
demonstrate how this will be achieved.
Included will be details of any utility installation (see section 5.2 for a list of included
utilities, others may be applicable).
These plans will also include protection of retained areas of soil with fencing etc.
The AMS will in most cases require some specialist supervision and monitoring to
ensure trees are properly protected and through the development process. This is
especially the case when works are planned within the Root Protection Areas of
retained trees.
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The Local Planning Authority must be notified of when works are due to start on
site and before anything is done within RPAs, records must subsequently be kept
throughout the development. This may be secured via condition or through s106
agreements which support tree officer presence on site.

Tree Planting Detail
The design and specification of new trees will need to take into account British
Standard 8545:2014, Trees: from nursery to independence in the landscape –
Recommendations [8] (BS8545:2014).
In areas where hard surfaces are to be constructed over the areas where soil is to
be provided for trees, the Trees and Design Action Group (TDAG) publication:
Trees in Hard Landscapes, A Guide for Delivery [4], will be a particularly useful
reference.
For each new tree it will be necessary to show, not only how the tree will be planted
but also how the soil volume of the tree will be provided.
For trees in hard landscapes the details will include:







Specification of the system which will be used to contain the required soil
volume. Note that some systems use a lot of space to provide a required soil
volume (e.g. the Stockholm System) and this must be taken into
consideration in the design.
Plans and sections through the system to be provided showing:
o How the system will be supported (sub-base),
o How any surfaces will be built up on top of the structure,
o How air and water will interact with system to ensure appropriate
growing conditions,
o How utilities will interact with the system,
o How SuDS will interact with the system,
Details of the tree equipment/furniture i.e. tree grills or guards and support
system.
Details of the tree species, size and production method.

For trees in soft landscaped areas details will include:






The condition and location of retained soil into which trees will be planted:
o Soil type,
o Bulk density,
o Macro and micro nutrients available: N, P, K and others,
o Soil drainage,
o Soil depth,
o Soil contaminants,
Soil remediation what, where and when it will be undertaken,
Details of the tree species, size and production method,
Planting specification including the support system, protection, mulching etc.

The installation of planting solutions will be critical to the successful achievement of
the canopy cover target, (especially those in hard surfaces) and will require
specialist supervision and monitoring.
The Local Planning Authority must be notified of when soil volumes will be installed
in hard landscapes and records of tree installation must be kept. This may be
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secured via condition or through s106 agreements which support tree officer
presence on site.

Green Infrastructure Elements Detail
The details of Green Infrastructure Elements will need to be submitted to prove that
they can provide the canopy cover value shown in the ‘New GI Element’ worksheet.
For Green Roofs it will be necessary to show sections of the roof proposed,
including:





the species to be planted,
depth and type of soil,
details of any SuDS included,
the structure supporting the roof with sign off by a structural engineer that
they are sufficient,

Further details on Green Roofs can be found in ‘The GRO Green Roof Code’ [9].
For Green Walls it will be necessary to show plans and sections of the wall
proposed, including:




location of soil volumes to support the growth of the wall.
plant size, species and location/pattern,
Irrigation system (required for systems where plants are planted above
ground level)

Further details on Green Walls can be found in ‘Living Roofs and Walls – from
policy to practice’ [10].

Management Plans
Management and maintenance is needed for Trees and Green infrastructure
Elements to ensure that they establish properly. This will need to be set out in
management plans which will specify (what, when and by who) maintenance will be
undertaken, for at least the first five years after planting, including detail of how it
will be funded in the long term.
It will be necessary to ensure that these management plans are covered by
condition and that if any tree, or if plants used for green roofs and walls fail to
survive during this period, that they are replaced.

Supervision and Monitoring Reports
Supervision and monitoring is a crucial part of ensuring that retained trees are
properly protected (see para 3.5.4) and new trees (see para 3.5.11) and GI
Elements are properly installed.
The submission of these supervision and monitoring reports will be the method of
sign off for some conditions.
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4.

Glossary
Tree
The Oxford Dictionary definition of a tree is: ‘A woody perennial plant, typically
having a single stem or trunk growing to a considerable height and bearing lateral
branches at some distance from the ground.’

Canopy Cover
Tree Canopy Cover is simply the two dimensional area of trees that cover the
ground when viewed from above. This is the definition which is applied when
considering the retained canopy cover of a site.
Different trees have different shaped crowns and different crown densities, this has
a significant impact upon the tree’s leaf area. The leaf area is a major factor when
considering the ecosystem services a tree provides and also the soil volume a tree
requires to grow. Therefore it is appropriate to use the Leaf Area Index (LAI) as a
factor in the calculations with regards to the canopy cover calculations. This is
included in the Canopy Calculator spreadsheet.
Policy DM34 requires a more expansive view of Canopy Cover than just trees.
Some sorts of Green Infrastructure features can provide similar Ecosystem
Services to trees and as such, can provide a viable alternative to them on sites
where it is difficult to meet the target through the provision of trees alone.
The range of features which are included in the definition of Green Infrastructure is
wide, but those which are considered as suitable alternatives are kept relatively
narrow to ensure that they are most directly comparable with Tree Canopy Cover.
Details of the types of alternative GI and how their value is calculated is in ‘New GI
Elements’ worksheet.

Green Infrastructure
The UK Government website explains that: ‘Green infrastructure can embrace a
range of spaces and assets that provide environmental and wider benefits. It can,
for example, include parks, playing fields, other areas of open space, woodland,
allotments, private gardens, sustainable drainage features, green roofs and walls,
street trees and ‘blue infrastructure’ such as streams, ponds, canals and other
water bodies.’

Ecosystem Services
An Ecosystem is the dynamic complex of plant, animal and micro-organism
communities and their non-living environment interacting as a functional unit.
Ecosystem services therefore are the benefits people obtain from ecosystems.

Utilities
For the purpose of this document utilities include (but are not necessarily limited to)
the following:




Electricity cables below ground and lines above,
Power supply for street lighting,
Gas pipelines,
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Foul water (sewerage) drainage,
Surface water drainage,
Underground SuDS systems,
Telephone Lines,
Fibre optic cables,
Cable TV,
District heating systems,
CCTV,
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6.

Appendix 1 – Context of the SPD
Planning Law
Trees have long been an important consideration in the planning system and this is
embedded into law through s197 of the Town and Country Planning Act 1990:
Trees
General duty of planning authorities as respects trees
197. It shall be the duty of the local planning authority –
(a) to ensure, wherever it is appropriate, that in granting planning
permission for any development adequate provision is made, by the
imposition of conditions, for the preservation or planting of trees; and
(b) to make such orders under section 198 as appear to the authority to be
necessary in connection with the grant of such permission, whether for
giving effect to such conditions or otherwise.

Other ways the government has given a steer.
The Government Forestry and Woodlands Policy Statement, makes it clear that
‘We particularly want to see more trees and woodlands in and around our towns
and cities’, and they have repeatedly offered grants for tree planting in urban areas.
The Government’s document ‘A Green Future: Our 25 Year Plan to Improve the
Environment’ makes repeated reference to urban trees and has a section
specifically devoted to them.

National Planning Policy
The National Planning Policy Framework (NPPF) is less explicit about trees but
trees are crucial in enabling the fulfilment of the NPPFs objectives in relation to
sustainable development for Environmental, Social and Economic reasons.

Wycombe District Council’s Canopy Cover Assessment
In 2016 Wycombe District Council purchased the National Tree map and then
worked with Treeconomics and Forest Research to carry out an Assessment of the
Canopy Cover of Wycombe District.

Local Plan Policy
To aid the council in fulfilling its duty and to help mitigate against urban challenges
on a local level. Planning Policy CP10 of the new Local Plan (adopted on 19th
August 2019) sets out the high level objectives for Green Infrastructure and policy
DM34 sets out more detailed requirements. This includes the provision of Canopy
Cover at a 25% in some developments and for it to be maximised in all others.

Examination testing
During the examination hearings for the Local Plan, the inspector asked for further
testing of the 25% target contained within the policy. The document produced
showed that the target could be reached, but it would be difficult to exceed it at the
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kinds of development densities expected. The inspector accepted the councils test
results and the policy wording with minor modifications to the policies wording.

Interaction with other elements of policy DM43
Policy DM34 also covers other related requirements such as provision of
measurable net gains in Biodiversity, and securing adequate buffers to valuable
habitats. Guidance on these other areas of the policy are not covered by this SPD
but there will be some interaction between the different elements of the policy.
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7.

Appendix 2 - Understanding Trees and Green Infrastructure (GI)
What: Trees and Green Infrastructure (Ecosystem Services)
Trees
The Oxford Dictionary definition of a tree is: ‘A woody perennial plant, typically
having a single stem or trunk growing to a considerable height and bearing lateral
branches at some distance from the ground.’

Green Infrastructure
The UK Government website explains that: ‘Green infrastructure can embrace a
range of spaces and assets that provide environmental and wider benefits. It can,
for example, include parks, playing fields, other areas of open space, woodland,
allotments, private gardens, sustainable drainage features, green roofs and walls,
street trees and ‘blue infrastructure’ such as streams, ponds, canals and other
water bodies.’

Ecosystem Services
An Ecosystem is the dynamic complex of plant, animal and micro-organism
communities and their non-living environment interacting as a functional unit.
Ecosystem services therefore are the benefits people obtain from ecosystems.

Canopy Cover
Tree Canopy Cover is simply the two dimensional area of trees that cover the
ground when viewed from above. This is the definition which is applied when
considering the retained canopy cover of a site.
Different trees have different shaped crowns and different crown densities, this has
a significant impact upon the tree’s leaf area. The leaf area is a major factor when
considering the ecosystem services a tree provides and also the soil volume a tree
requires to grow. Therefore it is appropriate to use the Leaf Area Index (LAI) as a
factor in the calculations with regards to the canopy cover calculations.
Policy DM34 requires a more expansive view of Canopy Cover than just trees.
Some sorts of Green Infrastructure features can provide similar Ecosystem
Services to trees and as such, can provide a viable alternative to them on sites
where it is difficult to meet the target through the provision of trees alone.
The range of features which are included in the definition of Green Infrastructure is
wide, but those which are considered as suitable alternatives are kept relatively
narrow to ensure that they are most directly comparable with Tree Canopy Cover.

Why is this policy needed
Urbanisation intensifies some of the global challenges we face. The extent of green
or natural space reduces as areas become urbanised and reduces further over time
and with increasing densities. A study of the town and cities of Wales has found
that there has been a decrease in tree canopy cover between the years 2009 and
2013 Natural Resources Wales, (2016), and it is thought that this trend is occurring
in many places.
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The urban heat island effect exacerbates the effects of climate change and the lack
of natural habitat impacts negatively on biodiversity and bioabundance. The
interference with natural systems which occurs in poorly designed urban
environments creates environmental, social and economic stresses such as poor
air quality, increased chance of flash flooding and poor mental health.
Trees produce an incredible range of ecosystem services (Davies, Helen, et al.,
2017) which help mitigate many of the environmental and social challenges urban
areas face in a quantifiable way. It does therefore, seem to make sense to mandate
their inclusion in new developments through planning policy.

Climate Change and the Urban Island

Figure 22. The urban heat island effect.
Built up areas create and store heat whereas vegetation such as trees cool their
surrounding environment, this results in a substantial difference between the
temberature of urban and rural areas, Climate change exacerbates this but trees
can help reduce this local difference.

Air Pollution
Trees act as a massive filter to particulate air pollution. The particles are caught as
they pass through the canopy of the tree and are then washed away by rain. TDAG
have produced a useful publication on this subject.

Wildlife
Trees provide very important wildlife habitat for a wide range of species. The
provide food in their nectar, pollen, fruit and leaves, they provide a home for birds,
bats, insects, and more and they provide the shelter and green infrastructure which
wildlife moves through. This is only a small sample of the interactions.

SuDS
Trees can provide a useful component of a SuDS. Their canopy intercepts rain and
allows much of it to evaporate before reaching the ground. When the canopy
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becomes saturated water flows down the twigs, branched and trunk where it is
flows more easily into the ground along the roots. This reduces surface runoff.
When trees are planted in soil cells, this can act as slow draining storage capacity
within a larger SuDS chain and this also cleans the water as it flows through.

Attractive development
The visual amenity value of trees has long been recognised and is the foundation
for making Tree Preservation Orders. The enjoyment people get from being near
trees is now being better understood, it has been measured how they help calm us,
reducing our blood pressure and it is also known how we value the attractiveness
of trees through the increased price houses sell for in tree lined streets.

Other benefits
There are a wide range of other benefits which trees provide from cooling the air,
blocking out ugly sights, capturing carbon, providing us with fruit and more

How: standards for Canopy Coverage
More trees equate to more benefits
Functionally, trees provide many of their benefits through their leaves and as their
growth structure is like a fractal, the number of leaves a tree has increases
logarithmically with increases in its size. As the leaf area increases, so does the
benefits associated with leaf area.
As leaves transpire they cool the air, and therefore more leaves means more
cooling. Particulate air pollution sticks to leaves, and so more leave means more
pollution removed.
Rain water lands on the leaves of a tree and either evaporates or runs down the
branches and the trunk and follows the roots into the ground, so the bigger the tree
the more rain is captured, slowed and infiltrated into the soil, therefore reducing
flash flooding.
Invertebrates live in trees and eat leaves and these are in turn they are eaten by
other invertebrates and birds which nest in the trees and so the web of wildlife
expands with the tree.

Fulfilling a tree’s needs, so it can provide benefits.
There is a requirement for reasonably accurate predictions to be made, on how
trees will grow in the future. So determining future canopy cover can only be
achieved if it is understood what factors determine future tree growth. It will never
be possible to know this with absolute certainty, but the key factors determining
future growth are: (1) Available growing resources, (2) Time, (3) Genetic Potential.
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1. Available growing resources. These affect the survival, rate of growth and
ultimate size of the tree.
Figure 23.
Liebig’s law of the minimum. Growth is
dictated, not by total resources, but by
the scarcest resource, or limiting factor.
Liebig’s barrel is an analogy which
elegantly illustrates how the shortest
stave limits the barrels capacity, like the
shortest resource limits a trees growth.
Water is the most important limiting
factor in urban situations and as the tree
gets its water from the soil, the volume
of soil the tree has to grow in is critical.
Lindsey and Bassuk [11] devised a way to
calculate the required soil volume based
on the size of the tree, the local
conditions and the type of soil. The Soil
Calculator in the ‘New Canopy’
worksheet uses these calculations.
The soil type is crucial in this calculation
as different soil types vary greatly in
their Available Water Holding Capacity
(AWHC). If the soil volume is to be part
of a SuDS system there will be different
soil requirements to consider.
2. Time. Trees grow and then decline over time at different rates depending on
resources and the genetic potential of the species.
Figure 24.
The growth and life potential of different
species is dependent upon their genetics and
the strategies they have evolved to survive.

3. Genetic potential. Some trees are adapted to grow large (e.g. English Oak)
whilst others are adapted to stay relatively small (e.g. Hawthorn).
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Figure 25.
Irrespective of time
and resources,
different species
will grow to
different sizes.

To be able to make predictions of future canopy size, it is necessary to control the
assumptions about the key factors mentioned above.
1. If all the controllable limiting factors, relating to the growth resources can be
removed, then, over time, a tree should be able to reach its genetic potential
(baring confounding factors e.g. disease, damage and disorders). A
competent Chartered Arboriculturist or Landscape Architect should be able to
design planting conditions and management prescriptions to reduce or
remove the majority of these limiting factors.
2. As different species reach maturity as different points in time, and because
some species, (such as an English Oak) might not reach maturity for 200
years, it is appropriate to set a point in the future at which tree size should be
reasonably predictable, e.g. 25 years.
3. With fixed conditions and a fixed time span, measurements and experience
should allow the size of any species to be predicted. Foresters use annual
increment tables to make predictions, Chartered Arboriculturist and
Landscape Architects can use amenity tree books and nursery catalogues to
aid their predictions e.g. The Hillier Designer’s Guide, predicts size at 25
years.
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8.

Appendix 3 – Town Centre Maps

Figure 26. Princes Risborough Town Centre
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Figure 27. High Wycombe Town Centre
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Figure 28. Marlow Town Centre
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9.

Appendix 4 – Canopy Calculator Spreadsheet
The Canopy Calculator Spreadsheet is integral to the process of fulfilling canopy
cover requirements. This link will download the Canopy Calculator Spreadsheet
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