ooooooooooo
eeeeeeeeeeeeee

-conomic Valuation of the {%5}?5‘898
North's Urban Greenspaces

Technical Report

August 2023

lan Dickie
Sophie Neupauer
David English




Contents

1. Introduction

2. Method

3. Value of current benefits

4. Value of different improvement actions

 Case studies
« Regional uplift

5. Key findings
6. Conclusions
Appendix 1: Sources

Appendix 2: Detail benefit methodology




INtroduction




Aims and objectives

» The objectives of this project are to:
- (i) value the current benefits provided by urban green spaces in the North; and

- (ii) to understand how these values will change as a result of different improvement
actions.

* The project will provide baseline evidence on the size and distribution of the value
that natural capital provides in Northern Cities in England.

* The evidence from (i) was used in some stakeholder engagement activities,
feedback from which will help refine the baseline evidence (i), and specify potential
improvement actions (ii).
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Natural Capital Accounting

* A natural capital accounting framework is used to access the value of current benefits and the impact
of improvement actions, supported by logic chains that link together improvement actions, natural
capital and the associated benefits.

* Natural capital is “the stock of renewable and non-renewable natural resources (e.g., plants, animals, air,
water, soils, minerals) that combine to yield a flow of benefits to people”.

« The accounts combine a variety of different data on stocks of natural capital assets (e.g. public green
spaces) and flows of benefits to estimate their value in physical and monetary terms. Using the same
approach enables impacts of different improvement actions (e.g. new green space or enhancing
existing spaces) to be estimated in a consistent and comparable way.




Natural Capital Accounting

+ Key questions:

1. What assets do we own and/or manage?
(natural capital assets)
> Natural capital asset register

2. What benefits do they provide and to
whom? (ecosystem services)

> Physical flow account

3. What are these benefits worth? (benefits)
> Monetary flow account

4. What are these benefits worth over time?
> Natural capital asset account

« Accounting can also consider the costs of

managing natural capital, but these are outside
the scope of this project.

Conceptual relationship between natural capital assets, ecosystem
services and final benefits

External pressures

Natural capital Ecosystem Benefit
asset — service —p (e.g. avoided health
(e.g. woodlands) (e.g. air filtration) impact)
I I
Extent Beneficiaries
Condition
Location

A logic chain framework that shows the links between the assets (i.e. habitat),
ecosystem services and final benefits in provided.




Accounting process

» The natural capital accounting process takes data inputs, processes this data to produce intermediate results which are used to compile
the main output, the natural capital asset account

Inputs Accounting Process R Output

4 A
Stakeholder
data Natural
Benefit capital .
Assessment asset Natural 'Ca pital

account accountlng process

\ J

- Stakeholder data: the priorities of the organisation managing the assets, and its partners (e.g. Thinks' survey work).
Other data comes from external guidance, tools, and published literature on economic valuation.

- presents the natural capital assets (quality and quantity) in the boundary of the account.

- reviews the major natural capital assets and identifies the benefits they provide that are significant.
Benefit assessment the most appropriate methods for evaluating benefits are used to produce results.
Physical account records the bio-physical amount of each benefit (e.g., number of recreational visits to a site).
Monetary account records the monetary value of benefits (e.g., value assigned to recreational visits).

Natural capital asset account presents the asset values over a specified time period.




Value of current
benefits




Scope
Baseline

The scoping stage defines the spatial and temporal boundary of the account, the data sources available and the benefits covered.

« Accessible greenspace within urban LSOAs in the North of England (North West,

Spatial North East and Yorkshire & The Humber)

* Results are provided in annual terms and present value over a 60-year time
period in 2022 prices.

« Adiscount rate of 3.5% is applied in the present value calculations for all benefits.

* Where possible, future values take into account expected trends in the quantity
and/or value of the benefit. Where this information is not available, renewable
benefits are assumed to be constant over time.

Temporal

+ National and regional datasets are the initial source for evidence and
Data sources assumptions. Sources used are in line with Defra’s Enabling a Natural Capital
Approach (ENCA) guidance (Defra, 2020).

« Initial list from ENCA guidance.
Benefits + Materiality assessment used to scope benefits in or out.
« Cover priorities expressed by local communities.

All sources are provided in Appendix 1
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Natural Capital Asset Register

Baseline

* The extent account records the size and
location of the areas of natural capital
assets, based on identifiable habitats
and land uses.

* Thereis around 63,000 ha of accessible
greenspace within urban LSOAs in the
North of England.

» Alarge portion of this is made up of
woodland (42%), followed by semi-
natural grassland (23%) and enclosed
farmland (19%).

Source: GIS analysis performed by Nature North using Living England data

- The North's Urban LSOAs

Extent account

Urban Other
1%

Coastal

margins _
4%

2% Enclosed

farmland
19%

Total area:
63,297 ha

Woodland
42%

Semi-natural
grassland
23%

Mountain,
moor and
heathland
2%

Freshwater
7%
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less than the English average (38%) 2.

Natural Capital Asset Register - The North's Urban LSOAs

Baseline o
Condition account
The condition account records Water quality
information on the quality of the natural Water Frame Directive status Rivers (km) Lakes (ha)
capital assets, such as designations or High _ _
asset quality (e.g. water quality). Good 84 70
_ o Moderate 2,611 1,015
Most rivers and lakes W|t'h|r_1 the Poor 305 )8
accessible greenspace within urban Bad -7
LSOAs in the North of England are in |
derate condition, 85% and 90% Tota 3078 113
mo t' | F th ! | th 3(y f GIS Analysis performed by National Trust. Data sourced from Natural England (see Annex 1)
el furten e e
. 8 o . Sites of specific interest (SSSI) Area (ha)

approximately ~ 16% of rivers in England iy

Favourable condition 1,522
are classed as good". _ »

Unfavourable recovering condition 3,278
Around 30% of SSSI's that fall within U”;av"“ras:e 20 Cl,hfi‘”ge " 24
assessable greenspaces in the North are Unfavourable declining condition 370
in favourable condition. This is slightly Destroyed 4

Total SSSI area 5,728

GIS Analysis performed by National Trust. Data sourced from Environment Agency (see Annex 1)

Thttps://jncc.gov.uk/our-work/ukbi-b7-surface-water-status/
2 https://www.gov.uk/government/statistics/england-biodiversity-indicators/1-extent-and-condition-of-protected-
areas#:~:text=Nationally%20important%20SSSls%20are%20designated,for%20the%20features%200f%20interest.
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Materiality assessment

* ‘Materiality’ - when something is potentially
important enough to change a decision.

» The assessment has been undertaken using a
service-asset attribute matrix which aims to
show:

- Which ecosystem services are material for
each asset within the North boundary;

- Of these material ecosystem services,
which benefits have been assessed and
how; and

- Which have not been possible to measure
in biophysical units or value in monetary
terms and why (see next slide).

service )
Benefits

Natural Capital Assets

Allotment

Woodland

Food provision

Il accessible
habitats

7//////////////////////

Regulating [ J ////////
Regulating Air quality regulation [ )

Regulating Local climate regulation [ [ ) [ ]
Regulating Noise regulation (@) O @)
Regulating Flood regulation (@) O O
Cultural Recrea tion o o ()
Cultural Physical health ) [ ) [ ]
Cultural Mental health [ ) [ ] [ )
Bundled Amenity @) (@) @)
Bundled Biodiversity @) (@) O

|

13




Materiality assessment

« The following benefits are considered material but have not been measured in these accounts:

- Flood regulation: It is difficult to quantify the benefit provision without more detailed modelling (e.g. identifying
flood risk areas and natural capital assets providing flood risk management benefits).

- Noise mitigation by trees: This benefit may have significant health value (through reduced stress/ sleep loss) in
urban areas, but evidence for this effect still has a high level of uncertainty.

- Biodiversity: The monetary valuation of biodiversity is complex and, in many contexts, contentious. A portion of this
value is indirectly captured in the biodiversity indicators presented in the account for area of SSSIs, as well as through
the value of other benefits to which biodiversity contributes (e.g., contribution to recreational benefits).

- Amenity & property values: A well-designed and maintained green space can add to the aesthetic setting of an
area, impacting its attractiveness to prospective residents and businesses. In this way, green infrastructure has been
shown to positively impact property values, as properties near green space benefit from this improved setting. This
improvement will increase user demand for the property, for example to buy/rent for residential or commercial
purposes. Some of the value reflected in these property premiums will double count with recreation value and health
benefits - users may be willing to spend more on a property near greenspace which may be indicative of the extra
recreation value and physical health benefits that the buyer might expect to receive in future.
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Measuring and valuing benefits

The table below provides an overview of the benefits included in the accounts and the indicators used to evaluate them. A longer list of benefits
was considered for inclusion in the account, based on Defra’s natural capital guidance. Some material benefits are not quantified (amenity,
biodiversity, flood regulation, biodiversity) and are noted accordingly in the results.

Ecos stem
Final benefit Physical indicator Monetary indicator

Food from
allotments

Local climate
regulation

Carbon
sequestration
Air quality
regulation

Recreation

Physical
health
(through
recreation)

Mental health

Food for human consumption

Reduced labour productivity losses and
air conditioning costs

Mitigating climate change

Reduced health impacts and associated
cost of treatment and productivity and
welfare loss

Welfare values to individuals visiting
outdoor recreational sites

Reduced health impacts and associated
cost of treatment and productivity and
welfare loss

Personal interaction with and exposure to
green space resulting in health sector cost
savings and increased economic output

Tonnes of food (tonnes/yr)

Area of urban wetland created
(m2)

Carbon sequestered in woodland
(tCO,elyr)

PM2.5 removed by woodland
(kg/yn)

Number of recreational visits
(visits/yr)

Total active visits (which resultin
Quality-adjusted Life years QALYs
saved) (active visits/yr)

Avoided MHC cases from visits to
nature (no. avoided cases/yr)

Resource rent

Costs avoided from
temperature regulation

Marginal abatement cost

Avoided cost (treatment and
productivity) plus welfare
value

Total welfare value
generated by recreation

Avoided treatment costs per
visit (based on costs saved
per QALY)

Costs avoided from avoided
MHC cases

Urban population
Urban population, local
businesses

Global society

Urban population, health
sector

Visitor population

Visitor population, health
sector, local businesses

Visitor population, health
sector, local businesses
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Confidence in the data

» Data and approaches used follow standard
rules and practices

 Confidence ratings have been assigned to
physical and monetary flow estimates

- Ratings also reflect assumptions made and
methods applied

Level of
confidence

Medium

Symbol

Description of confidence

Evidence is partial and significant assumptions are made
so that the data provides only order of magnitude
estimates of value to inform decisions and spending
choices.

Science-based assumptions and published data are used
but there is some uncertainty in combining them, resulting
in reasonable confidence in using the data to guide
decisions and spending choices.

Evidence is peer reviewed or based on published guidance
so there is good confidence in using the data to support
specific decisions and spending choices.

Confidence rating key used in Natural Capital Accounts
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Annual Physical and Monetary Benefits - The North'’s Urban LSOAs

Baseline - Total annual benefit from urban green space for the North is approximately £2,600 million in 2022 prices.

Produced at: August, 2023

Physical flow

Monetary value*

Physical indicator Baseline (2022) Confidence Valuation metric \ Baseline (2022) Confidence
Key monetised benefits
) Allotment food production )
Food production (tonnes/yr) 35,600 Market price 8
Area of urban greenspace Avoided costs avoided of
i i roviding cooling benefits Vol Vol
Local climate regulation Fha/yr) g g 46,000 temperature regulation 4
) CO2e sequestered by
Carbon sequestration woodland (tCO2e/yr) 137,300 Abatement cost 36
. ) . PM2.5 removal by woodland Avoided cost and welfare
Air quality regulation (PM2.5 removed/yr) 141,900 H value 75 H
Recreation Adult recreation visits 442 million Welfare value 1,693
Physical health Active visits 199 million Avoided treatment cost 701
Visitors who receive mental Avoided treatment cost 40 L
. L
Mental health health benefits 20,600 Avoided productivity cost 39 L
Total 2,595

Key non-monetised benefits

Flood regulation

Noise mitigation

Biodiversity

Amenity and property values

*Natural capital estimates should be interpreted as the minimum value of the services provided by the natural capital assets, as a number of

services, such as noise regulation, flood regulation and biodiversity are not currently measured.

17




Natural Capital Asset Account - The North’s Urban LSOAs

Baseline present value over 60 years, £m
The total present value for the public benefits of from urban green space over 60 years is nearly £80 billion.

Produced at: August, 2023

Valuation metric

Value to Businesses

Value to the rest of

Total value (PV60, £m)

(PV60, £m) society (PV60, £m)

Key monetised benefits
Food production Market price - 204 204
Local climate regulation fg/glijtlj;[(i:lozosts avoided of temperature 105 - 105
Carbon sequestration Abatement cost - 1,303 1,303
Air quality regulation Avoided cost and welfare value - 2,100 2,100
Recreation Welfare value - 44,395 44,395
Physical health Avoided treatment cost - 28,327 28,327
Mental health Avoided treatment cost - 1,053 1,053

Avoided productivity cost 1,028 - 1,028
Total 1,133 77,382 78,515

Key non-monetised benefits

Flood regulation

Noise mitigation

Biodiversity

Amenity and property values

Present value’ (or asset values) estimates that reflect an expected flow over many years with a discount rate applied to future values (HM Treasury,
2022) - highlights that action is needed to maintain assets and sustain these benefits over time. The natural capital estimates should be interpreted
as the minimum value of the services provided by the natural capital assets, as a number of services, such as noise regulation, flood regulation and

biodiversity are not currently measured.
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Value of different
improvement
actions




Introduction

* The assessment of natural capital benefits as a result of different improvement
actions is framed by a natural capital accounting approach.

» To meet Objective ii, four cases studies have been selected chosen to be reflective
of a range of locations and scales of improvements, in order to demonstrate the
range of natural capital benefits of different actions. Results from these case
studies were extrapolated to generate an overall regional (The North) uplift value.

* The natural capital accounting structure set out and applied to each case study is
consistent with the broad principles outlined in the recent Defra (2020) Enabling a
Natural Capital Approach (ENCA) Guidance.

* It is not currently possible to value the changes for all natural capital benefits.
Therefore, the estimates should be interpreted as the minimum value of the
services provided by the natural capital assets, as a number of services, such as
water quality, amenity, noise regulation, flood regulation and biodiversity are not
currently measured.
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Method

The impact of the improvement actions was
estimated by:

1. Modelling the expected habitat
change (i.e. change in the quantity or
quality of natural assets);

2. Making assumptions about the
subsequent change in the provision
of ecosystem services, and

3. Making assumptions about the
monetary value of this change in the
provision of final benefits over time.

Conceptual framework

External pressures

Natural capital Ecosystem Benefit
asset — service — (e.g. avoided health
(e.g. woodlands) (e.g. air filtration) impact)

Extent Beneficiaries
Condition

Location

Improvement
action (e.g. tree
planting)

»

Dependency

The expected changes in habitat and ecosystem provision are established using
a logic chain framework that shows the links between each improvement
action, the assets (i.e. habitat), ecosystem services and final benefits.
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Measuring and valuing a change in benefits

« The table below shows how the natural capital assets are changed under the case studies, and the subsequent
changes to ecosystem services and benefits.

Benefit Change in natural capital asset s A
_ fazantioandayality rysieal indleator

Food production Increased allotment area Additional food production Additional value from food production

Local climate Increased woodland area Additional urban cooling benefit Additional avoided costs avoided of

regulation temperature regulation

Carbon sequestration Increased woodland area Additional CO2e sequestered by woodland Additional marginal abatement cost

Air quality regulation Increased woodland area Additional PM2.5 removal by woodland Additional avoided cost and welfare value

Recreation Increased accessible greenspace New visits to greenspace Additional welfare value as a result of the
area new visits

Physical health Increased accessible greenspace New active visits to greenspace Additional avoided treatment cost as a
area result of the new visits

Mental health ;nrce;eased accessible greenspace El:r\:\;}/i[[?tors who receive mental health Additional avoided treatment and

productivity cost as a result of the new visits

See Annex 1 for the sources used to estimate each benefit. Annex 2 provides more detail about the methodology.
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Case study descriptions

« Changes in the provision of ecosystem services and the final benefit due to implementing different
improvement actions were estimated for four case studies:

1. Case study 1: Create new accessible greenspaces in Gateshead

2. Case study 2: Improve the quality of an existing accessible greenspace in Shipley, Bradford
3. Case study 3: Improve connectivity on the outskirts of Northern moor, Manchester

4. Case study 4: Maintain quality of existing accessible greenspace in Speke, Liverpool

* The case studies look at different improvement actions in order to inform conclusions across the North

region. They are not specific recommendations for these areas - in practice a suitable mix improvements
would be planned in each area.

* The results show how the change in natural capital quantity impact provision of ecosystem services and the
final benefits as a result of different improvement actions.

* The next slides outline the key characteristics and detailed improvement actions for each case study and
regional uplift.
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Ey characteristics for each study area and The North

% area that doesn't have access Average Total Total area in Current area
Number of | population s of accessible
Case study Doorst N population in| urban LSOAs A
Local Neigchbourhood | urban LSOAs | densityin greenspace in
4 urban LSOAs (GE))
urban LSOAs T ERTGE))

1. Gateshead

e 117 4193 186,728 9,294 806
2. Shipley,

Bradford 75 100 91 4 2,586 6,859 332 105
Urban greenspace

3. Northern moor,

Manchester 17 11 0 3 27999 5,593 210 109
Fringe urban

greenspace

4. Speke, Liverpool g 41 13 5 2,842 8,067 285 86
Coastal greenspace

The North 64 74 48 8,123 4,015 12,867,343 763,642 63,297

Source: Data obtained from Workstream 1
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Improvement actions

1. Gateshead
Local authority

2. Shipley,
Bradford

Urban greenspace

3. Northern
moor,
Manchester
Fringe urban
greenspace
4. Speke,
Liverpool
Coastal
greenspace

The North
Regional uplift

Create new accessible greenspaces

Increase the area of accessible greenspace by 5% (42 ha):

» 25 ha of woodland (10% of current woodland area)

« 15 ha of natural grassland (40% of current grassland areaq)
« 2 ha of allotment (20% of current allotment areaq)

Improve the quality of an existing accessible greenspace
Increase the diversity of accessible greenspace:

*  Managed grass - from 14 ha to 6 ha

«  Woodland - from 21 ha to 23 ha

» Natural grassland - from 0 ha to 6 ha

Improve connectivity
Creation of a new walking path on the outskirts of the city:
« 1.1 km footpath, with natural grassland and woodland along the side.

Maintain quality of existing accessible greenspace

Reduce the quality of accessible greenspace:

« All current accessible greenspace along the coast turns into cemeteries
(a proxy used as a less attractive type of land use).

Create new accessible greenspaces

Increase the area of accessible greenspace by around 20% in all regions -
5% increase of allotments, 25% increase in woodland and natural
grassland area.

“Increasing the area of green space in the urban area through land use
change (brown - green and brown and green) including retro fitting.” -
2040 visions, Workshop 2

Around 27% of respondents wanted to see more wildflowers in parks and
more woodland - Quantitative survey

“Where participants do see room for more significant change, however, is
in relation to how green spaces are managed, developed and
maintained.” - Thinks Phase 1 summary note

30% of respondents wanted to see more walking trails on the edge of
towns and cities - Quantitative survey

“Funding and sustained funding is the key issue for all of the ideas. Key
problem is that funding often comes with the stipulation to 'create new'
not maintain existing green spaces and is all capital. Areas need

revenue.” - 2040 visions, Workshop 1.

As above
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Scope

The scoping stage defines the spatial and temporal boundary of the account, the data sources available and the benefits covered.

Varies between each case study (see specific case study sections for this)

NeEIE]

Results are provided in annual terms and present value over a 60-year time
period in 2022 prices.

A discount rate of 3.5% is applied in the present value calculations for all benefits.
Where possible, future values take into account expected trends in the quantity
and/or value of the benefit. Where this information is not available, renewable
benefits are assumed to be constant over time.

Temporal

« National and regional datasets are the initial source for evidence and
Data sources assumptions. Sources used are in line with Defra’s Enabling a Natural Capital
Approach (ENCA) guidance (Defra, 2020).

+ Uses list of benefits from baseline.
Benefits + Specific benefits vary between each case study (see specific case study sections
for this).

All sources are provided in Appendix 1
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1. Gateshead
Local authority

/



Case study 1 - Scope
Create new accessible greenspaces in Gateshead
« The scoping stage defines the spatial boundary of the account and the improvement actions.

K All urban LSOAs in the local authority of Gateshead.

Spatial ‘*\

AN

r;\

Improve the quality of an existing accessible greenspace
Increase the area of accessible greenspace by 5% (42 ha split between two 21 ha sites):
Improyement » 25 ha of woodland (10% of current woodland area)

action » 15 ha of natural grassland (40% of current grassland area)
» 2 ha of allotment (20% of current allotment area)

Benefits Provisioning (food production), regulating (carbon sequestration and air quality regulation),
and cultural (recreation, physical health and mental health)
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Case study 1 - Natural capital extent and condition
Create new accessible greenspaces in Gateshead

+ In this case study, 42 ha of additional accessible greenspace is created, split between two sites (each 21 ha).

+ The total area with the improvement action included is 848 ha, with 15 ha of semi-natural grassland, 25 ha of
woodland and 2 ha of allotment created.

» The accessible greenspace area has increased by 5%.

Extent account

Habitat Baseline (ha) Improvement action (ha) Difference (ha)
Enclosed farmland 201 201 0
Semi-natural grassland 73 88 15
oy moor e s s

Freshwater 18 18

Woodland 484 509 25
Coastal margins 0 0

Urban 9 11

Other 8 8

Total 806 848 42

29



Case study 1 - Natural Capital Asset Account
Create new accessible greenspaces in Gateshead

« The creation of two 21 hectares parks within urban LSOAs generates an additional £13 million (over 60 years).
« The majority of this is driven by the additional recreation value (£7 million) and physical health benefits (£4

million).

Produced at: August, 2023 | Valuation metric Baseli£n:1)(PV60, V:ﬂ:;:‘g,r\%: r:;r;t Differe:::; (PV60,

Key monetised benefits

Food production Market price 2.6 2.8 0.2

Carbon sequestration Abatement cost 24 25 1

Air quality regulation Avoided cost and welfare value 14.1 14.7 0.6

Recreation Welfare value 660 666

Physical health Avoided treatment cost 435 439 4

Mental health Avoided treatment cost 19.1 19.3 0.2
Avoided productivity cost 18.6 18.9 0.2

Total 1,173 1,186 13

Present value’ (or asset values) estimates that reflect an expected flow over many years with a discount rate applied to future values (HM Treasury,

2022) - highlights that action is needed to maintain assets and sustain these benefits over time. The natural capital estimates should be interpreted
as the minimum value of the services provided by the natural capital assets, as a number of services, such as noise regulation, flood regulation and
biodiversity are not currently measured.
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2. Shipley, Bradford
Urban greenspace

/



Case study 2 - Scope
Improve the quality of an existing accessible greenspace
« The scoping stage defines the spatial and temporal boundary of the account and the improvement actions.

Spatial

Improvement
action

Benefits

/ A single site (41 ha) Wlthln Bradford (near Shlpley) that faIIs across four \
urban LSOAs: o <7

AN

4 Improve the quality of an existing accessible greenspace
Increase the diversity of accessible greenspace (a proxy used as a more attractive attractive site
to visitors):
* Managed grass - from 35 ha to 27 ha
* Woodland - from 42 ha to 44 ha
\_* Natural grassland - from 20 ha to 26 ha J

Provisioning (food production), regulating (carbon sequestration and air quality regulation),
and cultural (recreation, physical health and mental health)
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Case study 2 - Natural capital extent and condition

Improve the quality of an existing accessible greenspace

Under this case study, the total extent remains the same, only the composition of habitats has changed.

« The area of enclosed farmland has fallen by 16 ha, while the area of semi-natural grassland and woodland

have increased by 12 ha and 4 ha, respectively.

Extent account

Habitat Baseline (ha) Improvement action (ha) Difference (ha)
Enclosed farmland 35 19 -16
Semi-natural grassland 20 32 12
oty moor e : : :
Freshwater 6 6 0
Woodland 42 46 4
Coastal margins 0 0 0

Urban 1 1 0

Other 0 0 0

Total 105 105 0
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Case study 2 - Natural Capital Asset Account

Improve the quality of an existing accessible greenspace
« An additional £4 million (over 60 years) has been generated as a result of altering the land cover of the current site
(an increase of 4% from the baseline).

* As before, the majority of this is driven by the additional recreation value (£2 million) and physical health benefits (£1

million).

« The value of carbon sequestration has the largest change from the baseline with an increase in value of 10%.
Produced at: August, 2023 Valuation metric Baseline (PV60, £m) V:':::(;:‘g,?g: r::;r;t Differe::s (PV60,
Key monetised benefits
Food production Market price 0.6 0.6 0
Carbon sequestration Abatement cost 2.1 2.2 0.1
Air quality regulation Avoided cost and welfare value 2.2 23 0.1
Recreation Welfare value 47 49 2
Physical health Avoided treatment cost 35 36 1
Mental health Avoided treatment cost 1.04 1.09 0.05

Avoided productivity cost 1.02 1.07 0.06
Total 89 93 4

Present value’ (or asset values) estimates that reflect an expected flow over many years with a discount rate applied to future values (HM Treasury,

2022) - highlights that action is needed to maintain assets and sustain these benefits over time. The natural capital estimates should be interpreted
as the minimum value of the services provided by the natural capital assets, as a number of services, such as noise regulation, flood regulation and
biodiversity are not currently measured.
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3. Northern moor,
Manchester

Fringe urban g/’eenspace‘
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Case study 3 - Scope
Improve connectivity
« The scoping stage defines the spatial and temporal boundary of the account and the improvement actions.

/ A path created across three urban LSOAS in Manchester (near Northern \
moor): i ‘ " X pE

Spatial

Improvement Creation of a new walking path on the outskirts of the city:
action « 1.1 km footpath, with natural grassland and woodland along the side.

Benefits Cultural (recreation, physical health and mental health)
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Case study 3 - Natural capital extent and condition
Improve connectivity

« Under this case study, an additional footpath (1.1km) has been created - this increases the level of access from
the baseline.

« There are no significant changes in habitat but the small increase in grassland and woodland would allow more
connectivity between existing habitats.

Extent account

Habitat Baseline (ha) Improvement action (ha) Difference (ha)
Enclosed farmland 19 19 0
Semi-natural grassland 25 25 0
oy moorond : : :
Freshwater 0 0 0
Woodland 60 60 0
Coastal margins 0 0 0
Urban 1 1 0
Other 4 4 0
Total 109 109 0
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Case study 3 - Natural Capital Asset Account

Improve connectivity

« An additional £4 million (over 60 years) has been generated as a result of creating a single new path (green
corridor).

« As before, the majority of this is driven by the additional recreation value (£2 million) and physical health

benefits (£1 million).
Baseline (PV60, |With improvement Difference (PV60,

Produced at: August, 2023 | Valuation metric £m) action (PV60, £m) £m)
Key monetised benefits
Recreation Welfare value 121 123 2
Physical health Avoided treatment cost 87 89 1
Avoided treatment cost 3.8 3.9 0.1
Mental health
Avoided productivity cost 3.7 3.8 0.1
Total 217 220 4

Notes:
Present value’ (or asset values) estimates that reflect an expected flow over many years with a discount rate applied to future values (HM Treasury,

2022) - highlights that action is needed to maintain assets and sustain these benefits over time.
The natural capital estimates should be interpreted as the minimum value of the services provided by the natural capital assets, as a number of
services, such as local climate regulation, noise regulation, flood regulation and biodiversity are not currently measured.
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4. Speke, Liverpool
Coastal greenspace
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ase study 4 - Scope

Lack of Maintenance - deterioration of quality of existing accessible greenspace

« The scoping stage defines the spatial and temporal boundary of the account and the improvement actions.

K A 30 ha sites across one LSOA in Liverpool (near Speke): \

'\V{}t\\\:@\ i\ '?P\lgg?.g-
Spatial i 5 “f

5
-(@‘(
'
\f}

_ . Y

Maintain quality of existing accessible greenspace
Improvement Reduce the quality of accessible greenspace:

action « All current accessible greenspace along the coast turns into cemeteries (a proxy used as a
less attractive site).

Benefits Cultural (recreation, physical health and mental health)
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Case study 4 - Natural capital extent and condition

Lack of Maintenance - deterioration of quality of existing accessible greenspace

« Under this case study, the total extent remains the same (30 ha).

* Itis assumed that the quality of all habitats within this area have decreased.
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Case study 4 - Natural Capital Asset Account

Lack of Maintenance - deterioration of quality of existing accessible greenspace

« There is a loss of £3 million (over 60 years) as a result of not maintaining the quality of the park.

« The majority of this is driven by the loss of recreation value (£2 million) and physical health benefits (£1

million).

Produced at: August, 2023 | Valuation metric Baseli:rt:])(PVGO, Vg::ttr:c:?g,vg: rz;r;t Differe:r('::; (PV60,

Key monetised benefits

Recreation Welfare value 71 69 2

Physical health Avoided treatment cost 40 39 1

Mental health Avoided treatment cost 1.5 1.5 -0.1
Avoided productivity cost 1.5 1.4 -0.1

Total 114 110 -3

Present value’ (or asset values) estimates that reflect an expected flow over many years with a discount rate applied to future values (HM Treasury,

2022) - highlights that action is needed to maintain assets and sustain these benefits over time. The natural capital estimates should be interpreted
as the minimum value of the services provided by the natural capital assets, as a number of services, such as noise regulation, flood regulation and
biodiversity are not currently measured.

42




Case study summary

* The table below provides a summary of the case studies reviewed, the types of improvement actions introduced, and the benefits provided
over time (or the benefits potentially lost, in the case of the Liverpool case study).

« The results for each case study are largely driven by the size of the greenspace created or enhanced, which is fairly small across the case
studies.

+ These case studies were selected to represent different regions in The North of England, types and sizes of greenspace, and types of
improvement actions introduced.

« Across these case studies, the majority of the value realised (or lost) is due to impacts on recreation, physical health and mental health.

» The natural capital estimates should be interpreted as the minimum value of the services provided by the natural capital assets, as a
number of services, such as noise regulation, flood regulation and biodiversity, are not currently measured.

Changes in natural capital Types of benefits PV 60 uplift

Creating new sites: Case study + 25 ha of woodland created Food production, local climate regulation, carbon £13m
1 - Gateshead « 15 ha of natural grassland created sequestration, air quality regulation, recreation,

« 2 ha of allotment created physical health and mental health
Improving existing sites: Case - Reduce the area of managed grassland from 14 Local climate regulation, carbon sequestration, air £4m
study 2 - Shipley, Bradford ha to 6 ha; quality regulation, recreation, physical health and

» Increase area of woodland from 21 ha to 23 ha mental health
« Increase area of natural grassland from 0 ha to

6 ha
« Improve greenspace access
Path creation: Case study 3 - - Creation of a 1.1km path which links several ~ Recreation, physical health and mental health £4m
Northern moor, Manchester greenspaces.
Lack of maintenance: case « No changes in area; examines the impacts on  Reductions in recreation, physical health and mental (E3m)
study 4 - Speke, Liverpool greenspace access if greenspace is no longer  health benefits due to reduced access

maintained.




Regional uplift




Egional uplift - Scope

« The scoping stage defines the spatial and temporal boundary of the account and the improvement actions.

Spatial

o
E

Create new accessible greenspaces

AN

Improvement Increase the area of accessible greenspace by around 20% in all regions (5% increase of
actions allotments, 25% increase in woodland and natural grassland area) across the following sized
sites: 850 10 ha sites, 850 2ha sites and 850 0.5 ha sites
\ /

Provisioning (food production), regulating (carbon sequestration and air quality regulation),

Benefits and cultural (recreation, physical health and mental health).
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S_caling up the results to The North

 The uplift value for food provision, local climate regulation, air quality regulation and carbon sequestration was estimated
using the same approach as the baseline - the per hectare values for the physical and monetary flow were applied to the
estimated change in allotment or woodland habitat area.

» The approach from case study 1 (i.e. estimating site creation in ORVal) was used to estimate the regional uplift to estimate
the uplift value for recreation, physical and mental health (cultural values).

* The table below provides the change in recreation visits and value per site across The North. The average values for the
North are based on a selection of sites created across York, Bradford, Gateshead, Manchester, Leeds and East Riding of
Yorkshire.

» The change in recreation visits per site (and value) is the greatest for the 10 ha site. That said, the per hectare value is
significantly less for a 10 ha site compared to a 0.5 ha site (£10,000 per ha vs £100,000 per ha, respectively). There is a
diminishing marginal benefit when creating new habitats - adding additional hectares of open greenspace results in smaller
(but at this scale still significant) increases in the number of visits.

Site area (ha) Change in recreation visits per site Change in recreation value per site (£)

10 ha 24,871 105,845
2 ha 15,487 70,552
0.5 ha 10,611 51,060

* Itis assumed the new sites created are spread across the Northern urban areas. In this way, there isn't any risk of double-
counting and overestimation of impact.

See Annex 2 for details on the method




S_caling up the results to The North

» The change in recreation visits and value per site (outlined on the previous slide) have been used to estimate the total uplift
value of recreation in The North. The change in recreation visits and value per site are multiplied by the assumed number of
sites created (850 in total for each site size).

* The table below provides the aggregated change in recreation visits and value per year across urban areas in the North.

Site area (ha) Number of sites created Total area created (ha) c\rl‘lasrtieplgr';:;f?rtr:()m c\:‘;::gep;nr ;eec;f?;'g;]

10 ha 8500

2 ha 850 1700 13 £60
0.5 ha 850 425 9 £43
Total 2550 10,625 43 £193

* The change in recreation visits provides the basis for the physical change (humber of recreation visits) in physical and mental
health benefits.

» These annual visits and values have been used to estimate the present value (or asset values) shown in the Regional Uplift
Natural Capital Asset Account. This value estimate reflects an expected continuation of benefits over 60 years, with a

discount rate applied to future values.
See Annex 2 for details on the method




Regional Uplift - Natural Capital Asset Register

Extent account

« An additional 10,063 ha of Habitat Baseline (ha) Improvement action (ha) Difference (ha)
accessible greenspace Is crea.ted Enclosed farmland 11,989 11,989 0
across three different sized sites -

(10 ha, 2 ha and 0.5 ha). Semi-natural 14.322 17.902 3,580
grassland ' '

« The area of semi-natural Mountain, moor and 1165 1165 0
grassland has increased by 25%, heathland ' '
the woodland area has Freshwater 4173 4,173 0
increased by 25% and the urban Woodland 26 699 3101 6402
area (which includes allotments) oodian ' ' '
has increased 5%. Coastal margins 2,514 2,514 0

) Urban 1,627 1,708 81

+ Overall, the accessible o 207 207 0
greenspace area has increased ther
by 16%. Total 63,297 73,360
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@gional uplift - Natural Capital Asset Account

Uplift present value over 60 years, £m

Using this approach, an additional £11 billion (over 60 years) has been generated as a result of creating new accessible
greenspaces within urban areas in The North (an increase of 14%).

The majority of this is driven by the additional recreation value (nearly £7 billion) and physical health benefits (£2.5 billion).

With improvement

Produced at: August, 2023 Valuation metric Baseline (PV60, £m) action (PV60, £m) Difference (PV60, £m)
Key monetised benefits
Food production Market price 204 253 50
Local climate regulation Avoideq costs avoided of temperature 105 122 16
regulation
Carbon sequestration Abatement cost 1,303 1,571 268
Air quality regulation Avoided cost and welfare value 2,099 2,589 490
Recreation Welfare value 44,395 51,570 7,176
Physical health Avoided treatment cost 28,327 30,902 2,575
Mental health Avo?ded treatmeh'F cost 1,053 1,187 134
Avoided productivity cost 1,028 1,136 107
Total 78,513 89,330 10,816

Key non-monetised benefits
Flood regulation

Noise mitigation

Biodiversity

Amenity and property values

Present value’ (or asset values) estimates that reflect an expected flow over many years with a discount rate applied to future values (HM Treasury,

2022) - highlights that action is needed to maintain assets and sustain these benefits over time. The natural capital estimates should be interpreted
as the minimum value of the services provided by the natural capital assets, as a number of services, such as noise regulation, flood regulation and
biodiversity are not currently measured.
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Targeting investment based on current accessibility

Using The North estimates for the recreation benefits, it is estimated the total number of visits per person is ~ 3.5 per person per
year and the total value of this visit is ~£15 per person per year (approximately 12 million people live within urban areas in the
North).

The table below aggregated these unit values for recreation to the population at risk of not meeting the three different ANGSt
criterion (doorstop green space, local natural greenspace and neighbourhood natural green space) in four local authorities. These
local authorities were selected as they represent local authorities in the top and bottom quartile of population at risk of all the
ANGST standard criteria and have similar population sizes.

% of population at risk Change in recreation visits per year | Change in recreation visit value per year

Current Local Urban

. X Neighbour Neighbou Neighbou
GCCess authority population Doorstop Local -hood Doorstop Local r-hood Doorstop Local r-hood
natural natural natural
natural natural natural
East Riding
Lower ) 197,232 79% 92% 78% 526,800 609,600 517,300 2,350,700 2,720,600 2,308,800
of Yorkshire
Higher Gateshead 186,728 53% 66% 37% 332,100 417,500 234,600 1,482,200 1,863,200 1,046,700
Lower Doncaster 267,880 71% 88% 71% 644,500 790,800 642,700 2,876,200 3,529,000 2,868,200
Higher L’:‘;‘J"ﬁ;ﬂi 278,418 51% 58% 34% 479,200 543,400 317,100 2,138,700 2425200 1,415,200

The results show, by targeting investment in areas with lower current access, the change in visits and new value will be higher
than targeting areas with current higher access.
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Key findings




Key findings
« Total current annual benefit value from accessible urban greenspaces in the North is approximately £2,600 million in 2022 prices.

- Recreation (£1,700 million) and physical health (E701 million) benefits hold the highest values, contributing 60% and 30%
respectively to the total baseline value.

- Air quality regulation contribute approximately £75 million per year and carbon sequestration contributes £40 million to the
total baseline value.

- The total present value for the public benefits of natural capital assets over 60 years is nearly £80 billion.

* Improvement actions across the region could increase the value of benefits by 14% (by £10 billion, over 60 years).

- Generally, creating new sites generates higher additional visits and welfare value associated with these visits for recreation
compared to improving sites. That said, improving sites still generates notable additional visitors and values to the current
sites.

- Neglect of urban greenspaces can result in a reduced number of visits to the site, subsequently reducing the overall value for
recreation, physical and mental health.

« All benefit assessed are public goods which underlies the need for investment to be motivated by returns to wider society, rather
than commercial objectives.

* The results presented are equitable - impacts are valued between all beneficiaries equally.

* The results give insight into breakdown of benefits - some are for individual welfare (e.g. recreational benefits), while others are
for societal costs (for example reduced NHS costs).
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Conclusions




Summary

* A natural capital approach was used to assess the baseline value of natural capital benefits from urban
accessible greenspaces in the North, and assess the impact of different improvement actions.

* Four case studies were used to showcase the impact of four different improvement actions - creating new
greenspace, improving the quality of existing greenspace, improving connectivity and maintaining the quality of
existing greenspace.

* A regional uplift was estimated to reflect improvements actions for accessible greenspace across The North.

* A natural capital approach, including monetary valuation, is a useful way to frame and measure the impacts of
improvement actions, including the multiple benefits of actions.

* The results can be used to as part of the case for investing in greenspaces in the North.
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Recommendations

« A natural capital approach can demonstrate both the current baseline of natural capital benefits and the scale
of potential impact from different improvement actions.

* Planning and assessment for improvement actions should generally occur at a larger scale (e.g. local authority)
to demonstrate meaningful impact with a reasonable level of confidence.

« Site-specific interventions and spatial planning should further investigate the local context before
implementation, either through detailed modelling or other spatially explicit approaches.

» Improvement actions should consider not only the benefits, but also assess the cost of maintaining, enhancing
or creating natural capital assets, including spending levels and actions needed in response to future
pressures, e.g. from climate change. At the North scale this would require buy-in from key public and private
stakeholders who manage the majority of relevant spending and their willingness to provide such data (see
next slide).
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Cost of maintaining, enhancing or creating natural capital assets

 Natural capital maintenance costs are associated with activities that are required to maintain natural assets, at
least in their current condition (or restore or enhance where necessary) and so sustain their benefits in the
long term. These costs include spend on conservation sites, maintaining soil condition, and woodland
maintenance. The key question, in this step, is what maintenance activities are undertaken and whether they
are sufficient. This will require a planned level of maintenance that also allows for future pressures of climate
change and the associated risks it may pose for natural capital:

- Drought risks from a drier climate and increased chances of long periods of low precipitation;
- Invasive species and pathogens on natural assets and food production, and
- Impacts of higher temperatures and drier spells on woodland fires.

» Typical natural capital aspects that require maintenance are maintaining or improving public access, improve
water quality, tree thinning or general greenspace maintenance.

* At present, there is less standardisation on types of natural capital maintenance costs; unlike for benefits, a
repository of cost data does not exist. Therefore, direct contact with relevant stakeholders are needed to
unpick the natural capital liabilities within their financial accounts. At the urban North scale this would require
buy-in from an impractically large number of key public and private stakeholders who manage the majority of
relevant spending and their willingness to provide such data.
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Local economy benefits

* Local economy benefits can be assessed in terms of the level of economic activity in the North that can be
attributed to use of, and visits to, urban accessible greenspaces. The assessment would rely on a combination
of national, regional and local level assumptions and datasets. The scope of ‘local economy’ would also need to
be define (e.g. 2km buffer from each park within urban spaces in the North), along with the nearest populated
area (e.g. town or village) within which it is situated.

* Local economy benefits can be calculated from estimates of expenditure by park users and visitors, accounting
for the direct income to local businesses. The analysis would need to take into account a range of parameters
including:

- (i) risk of non-additional benefits - for example where visitors might have spent money regardless of
whether they were visiting a park;

- (ii) leakage - where visitor spend does not stay in the local area; and

- (iii) multiplier effects - where visitor spend benefits the supply chain and/or local employees, thereby
increasing spending power from residents or businesses in the local area.

* Measures of local economic activity (expenditure/income, GVA, FTE) would not be additive to economic welfare-
based values (e.g. health outcomes). Rather, they should be interpreted as different perspectives, with: (i) the
economic activity measures reflecting the importance of the use of parks to the local economy (i.e. businesses,
employment); and (ii) resource cost and welfare-based values, reflecting the net social welfare benefits that
stem from the use of urban parks.
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How can different sectors use the natural capital values generated?

* Healthcare sector can use the health-related data in the account (air quality regulation, physical and mental
health) to identify areas with higher natural capital values, as they can contribute to improved mental health,
reduced stress, and enhanced physical activity. Such insights can guide resource allocation and urban planning
efforts that prioritise the creation and maintenance of parks, green spaces, and clean air, thereby benefiting
the well-being of the local population.

« Urban planning and local Government can use the results to inform decisions about land use and
infrastructure development. For example, data highlighting the difference in natural capital values of certain
areas can guide the placement of parks, paths, and pedestrian-friendly zones.

» Advocacy groups can use the natural capital values to raise awareness about environmental conservation,
which in turn can foster public support for policies and initiatives that protect green spaces.
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Appendix 1-
Sources used




Natural Capital Asset Register

* Extent:

- GIS Analysis performed by Nature North. Data sourced from Natural England (2022)
Living England: https://naturalengland.blog.gov.uk/2022/04/05/living-england-from-
satellite-imagery-to-a-national-scale-habitat-map/

* Condition

- SSSI: GIS Analysis performed by Nature North. Data sourced from Natural England
(2022) Sites of Special Scientific Interest Units (England). Available at:
https://naturalengland-defra.opendata.arcgis.com/datasets/Defra::sites-of-special-
scientific-interest-units-england/explore?location=54.331325%2C-0.277575%2C7.80

- WED: GIS Analysis performed by Nature North. Data sourced from Environment
Agency (2021) Classifications. Available at:
https://environment.data.gov.uk/catchment-planning/



https://naturalengland.blog.gov.uk/2022/04/05/living-england-from-satellite-imagery-to-a-national-scale-habitat-map/
https://naturalengland.blog.gov.uk/2022/04/05/living-england-from-satellite-imagery-to-a-national-scale-habitat-map/
https://naturalengland-defra.opendata.arcgis.com/datasets/Defra::sites-of-special-scientific-interest-units-england/explore?location=54.331325%2C-0.277575%2C7.80
https://naturalengland-defra.opendata.arcgis.com/datasets/Defra::sites-of-special-scientific-interest-units-england/explore?location=54.331325%2C-0.277575%2C7.80
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Benefits
I I I T I S

Food
production

Local climate
regulation

Carbon
sequestration

Air quality
regulation

Allotment food
production
(tonnes/yr)

Area of urban
greenspace
providing cooling
benefits (ha/yr)

CO2e sequestered
by woodland
(tCO2e/yr)

PM2.5 removal by
woodland (PM2.5
removed/yr)

Area of allotments from asset register

ONS (2019). UK natural capital: urban account. Available at:
https://www.ons.gov.uk/economy/environmentalaccounts/b
ulletins/uknaturalcapital/urbanaccounts#provisioning-
services

eftec (2018) Scoping UK Urban Natural Capital Accounts -
Extension to develop temperature regulation estimates.
Available at:
https://randd.defra.gov.uk/ProjectDetails?Project|D=20065&
FromSearch=Y&Publisher=18&SearchText=urban

Area of woodland from asset register

Forestry Commission (2022). Woodland Area, Planting and
Publicly Funded Restocking. Available at:
https://cdn.forestresearch.gov.uk/2022/09/Ch1_Woodland_2

022.pdf

ONS. (2022). UK natural capital accounts: 2022. [online].
Available at:
https://www.ons.gov.uk/economy/environmentalaccounts/b
ulletins/woodlandnaturalcapitalaccountsuk/2022

Area of woodland from asset register

eftec and CEH. (2019). Pollution removal by vegetation.
[online]. Available at: https://shiny-
apps.ceh.ac.uk/pollutionremoval/

Jones et al. (2017) Developing Estimates for the Valuation of
Air Pollution Removal in Ecosystem Accounts. Available at
http://nora.nerc.ac.uk/id/eprint/524081/7/N524081RE.pdf

Market price

Avoided costs avoided of
temperature regulation

Abatement cost

Avoided cost and welfare value

ONS (2019). UK natural capital: urban account. Available at:
https://www.ons.gov.uk/economy/environmentalaccounts/
bulletins/uknaturalcapital/urbanaccounts#provisioning-
services

eftec (2018) Scoping UK Urban Natural Capital Accounts -
Extension to develop temperature regulation estimates.
Available at:
https://randd.defra.gov.uk/ProjectDetails?ProjectID=20065
&FromSearch=Y&Publisher=18&SearchText=urban

BEIS. (2021). Valuation of greenhouse gas emissions: for
policy appraisal and evaluation. Available at:
https://www.gov.uk/government/publications/valuing-
greenhouse-gas-emissions-in-policy-appraisal/valuation-of-
greenhouse-gas-emissions-for-policy-appraisal-and-
evaluation

eftec and CEH. (2019). Pollution removal by vegetation.

apps.ceh.ac.uk/pollutionremoval/

[online]. Available at: https://shiny- |


https://cdn.forestresearch.gov.uk/2022/09/Ch1_Woodland_2022.pdf
https://cdn.forestresearch.gov.uk/2022/09/Ch1_Woodland_2022.pdf
https://shiny-apps.ceh.ac.uk/pollutionremoval/
https://shiny-apps.ceh.ac.uk/pollutionremoval/

Benefits

P _ S _

Recreation Adult recreation
visits

Physical Active visits

health

Mental health Visitors who
receive mental
health benefits

Day, B. H., and G. Smith (2018). Outdoor Recreation Welfare value
Valuation (ORVal) User Guide: Version 2.0, Land,
Environment, Economics and Policy (LEEP) Institute,

Business School, University of Exeter.
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Other sources

* Defra. (2020). Enabling a Natural Capital Approach (ENCA). [online]. Available at:
https://www.gov.uk/guidance/enabling-a-natural-capital-approach-enca

* HM Treasury. (2023). GDP deflators at market prices, and money GDP, December
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Food from allotments

Baseline

To estimate the quantity of food from allotment produced, the total area of allotment within urban LSOAs (Brett and Day, 2016)
was multiplied by the estimated output (tonnes) per hectare (ONS, 2019), assuming average area allotment yield applies. Land used
allotment use was assumed to have typical allotment yields of its kind and all food from allotment produced are sold for human
consumption.

To estimate the food allotment value, the total resource rent value (ONS, 2019) was divided by the total allotment area in the UK
(ONS, 2019). This unit value (£/ha) multiplied by the area of allotment in the North. The resource rent estimates are assumed to be
constant over time.

Improvement action
The same approach as in the baseline account was used for the area used for food allotment production after the improvement

actions were implemented. The per hectare values for the physical and monetary flow were applied to the estimated gain of
allotment area for each case study and the regional uplift.




Local climate regulation

Baseline

Green and blue spaces in and around urban areas regulate temperature and humidity including ventilation and transpiration. This
mitigates the heat island effect in urban areas by providing urban cooling through the temperature regulating services of green
and blue spaces. The urban cooling benefit is measured according to the area of habitats located around 11 city regions and the
temperature change provided by these wetland areas. The cooling effect is monetised as the cost savings from air conditioning and
the avoidance of labour productivity loss due to heat (eftec, 2018).

The eftec (2018) study measured the urban cooling benefits provided by five different habitat types (namely woodland, park/grass,
gardens, rivers/canals, and lakes/ponds) in 11 city regions (Cardiff, Edinburgh, Glasgow, Greater Manchester, Liverpool, London,
North East, Sheffield, West Midlands, West of England, West Yorkshire). The eftec (2018) study measured the temperature change
(in degrees Celsius) provided by each type of habitat in each of the city regions based on the total area of that habitat type in the
city region.

The eftec (2018) study estimated the monetary value of the temperature changes in each city region based on the air condition (AC)
cost savings and the avoidance of labour productivity loss from heat (eftec, 2018). The estimated monetary value in each city region
was allocated to each habitat type based on the contribution of each habitat type to temperature changes per area of that habitat
type in a city region. The estimated monetary value of each habitat type in each city region was then divided by the area of that
habitat type in each city region to estimate a unit value (i.e. £/m2). This unit value was uplifted using a GDP deflator to 2022 prices
and multiplied by the area of urban greenspace created in each city region.

Improvement action

The same approach as in the baseline account was used for the area used for food allotment production after the improvement
actions were implemented. The per hectare values for the physical and monetary flow were applied to the estimated gain of
allotment area for each case study and the regional uplift.
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Carbon sequestration

Baseline

Carbon sequestration rates have been estimated for woodland within the accounting boundary. This benefit is estimated using the
sequestration rates for each habitat (tonnes CO2 equivalent per hectare) and the non-traded price of carbon.

The total amount of CO2 equivalent sequestered is estimated by multiplying these per hectare rates with the total hectares of the
woodland, as recorded in the Asset Register. The carbon sequestration by woodland was assumed to be the England average,
estimated by dividing the total carbon sequestration by woodlands in England by the total area of woodland (ONS, 2022; Forestry
Commission, 2022).

The amount of CO2e sequestered is then valued following the BEIS (2021) for the non-traded central price, £259 per tonne of CO2e
in 2022. This is multiplied by the estimated tonnes of CO2e sequestered. Future flows of carbon are valued using the BEIS (2021)
carbon values series until 2050. Following BEIS (2021) advice, a real annual growth rate of 1.5% is then applied starting at the most
recently published value for 2050 and into the future.

Improvement action

The same approach as in the baseline account was used for used to estimate the carbon sequestration rate per hectare over the
time period. It was assumed the trees take 10 years to reach full maturity for carbon sequestration, and therefore the full carbon
sequestration value The same approach was used as in the baseline (i.e. multiplying per hectare carbon sequestration rates with
the areas of woodland). The same approach as in the baseline account was used to estimate the economic value of carbon
sequestration.
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Air quality regulation

Baseline
Air quality benefit arises from the ability of different types of vegetation to remove pollutants from the air. This benefit is estimated for the amount of PM2.5
removed by woodland (which makes up more than 70% of this benefit in the UK (Jones et al., 2017) and the human health benefits of this removal.

Jones et al. (2017) modelled this benefit for the UK national accounts reflecting the variety of different levels of PM2.5 concentration, types and extent of
vegetation and density of human population across the country. An update to this study has produced estimates of PM2.5 removal per hectare of woodland
by local authority. The kilograms PM2.5 removed by hectare of woodland (eftec and CEH, 2019) is multiplied by the total woodland area in a given local
authority in each reporting area. For the national character areas and the PDNP, the total woodland area is broken down by local authority to allow the local
authority specific PM2.5 removal rate to be applied. The PM2.5 removal per ha of mature (i.e., existing) woodland is falling over 2015-2030 based on the
assumption about emissions and concentrations falling over time.

The economic value of this service is estimated through the resulting avoided healthcare cost at local authority level (eftec and CEH, 2019). The account
shows the benefits as the result of: £ per ha of woodland (in terms of avoided health care cost due to PM2.5 removed) for a given local authority area (eftec
and CEH, 2019), which is multiplied by the total woodland area in that area (as produced by further GIS analysis). This produces the annual value of PM2.5
removal by woodland. Future benefits decline in line with lower emission / concentration assumption mentioned above but are discounted at lower levels
using the lower health discount rates (HM Treasury, 2022).

Improvement actions

For the improvement actions, it was assumed the trees take 40 years to reach full maturity, and therefore the full air quality regulation value. The same
modelling (eftec and CEH, 2019) used in the baseline is used to estimate the change in value as a result of tree planting.

The PM2.5 removal rate and associated value per hectare was multiplied by the area of new tree planting to produce the ‘full’ annual PM2.5 removal and
value of PM2.5 removal by woodland. The values were modelled as a linear increase from 0 in year 0 to the full value in year 40, after which are
assumed to remain constant.
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Recreation (1)

Baseline

Recreational benefit is measured in terms of number of visits to accessible greenspaces, and the average welfare value associated
with these visits.

The ORVal tool is used to estimate the number and welfare value of visits to the accessible open spaces in the account boundary.
ORVal also breaks down the estimated number of visits and associated welfare value by socio-economic group. Estimates can be

produced for various spatial breakdowns including local authorities and Middle Layer Super Output Area (MSOA). The number of
visits and value for each urban LSOA are derived by summing the visits/value in each MSOA within the national character area.

It should be noted that the data from ORVal takes into account the location of the recreation asset, surrounding population, habitat
type(s) and local alternatives, but makes the assumption that accessible green space is in average condition for its type. Where this
is not the case, green space with better/ worse condition than average will likely have higher/lower values for number and welfare
value of visits. Similarly, as the model underlying ORVal is based on MENE data, it does not take into account visits by children or
overseas visitors to the UK.

Therefore, as ORVal captures all domestic visits by adults. To adjust the visit numbers to reflect recreation visits under three hours,
the MENE cross-tabulation viewer was used to determine the number of visits across England that were over and under 3 hours
(Natural England, n.d.) . 78% of visits across England were under three hours, this percentage is applied to the estimated total
annual visits in each reporting area. The annual visits under three hours are multiplied by the estimated average welfare value per
visit for that reporting area. The unit monetary value (i.e., £ welfare value per visit) is assumed to remain constant over time.
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Recreation (2)

Improvement action - site creation

The value heatmap function in ORVal (Day and Smith, 2018) was applied to estimate the number of new visits and
associated value for the change in habitat areas as a result of the improvement actions. This feature returns the
number of visits and welfare value for a grid of 25 possible site locations around the point specified by the user. This
allows for average values to be taken if the general location of the areas is known. The visits and value for the whole
of the North was derived as the average value of eight selected locations across the North.

There is a non-linear relationship between the size of an open greenspace and the number of visits/value - adding
additional hectares of open greenspace results in smaller increases in the number of visits. The size of the new
habitat created needs to be accounted for to consider this diminishing marginal utility effect. To obtain a unit value
from ORVal (Day and Smith, 2018) for valuation, it was assumed that the average size of newly accessible greenspace
was either 10 ha, 2 ha or 0.5 ha (to align with the ANGSt standard definitions).

The number of new visits and the associated welfare value for sites were estimated for creating woodland, grassland
and allotment. It was assumed 850 of each size was created across the North. The visits/value remain constant over
the time period and there is a two-year time lag until the benefits reach full value.
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Physical health

Baseline

In addition to improving the general welfare of visitors, if people are active during their visits, recreation can also have measurable
physical health benefits. White et al. (2016) estimate that 51.5% of recreation visits are ‘active’, where an ‘active visit' is defined as
those who met recommended daily physical activity guidelines either fully, or partially, during visits.

The White et al. (2016) proportion of active visits is applied to the annual visits to greenspaces within the account boundary,
producing the number of annual active visits which is assumed to remain constant over time.

The benefit is valued as the health benefits of active recreation (in terms of improvements in Quality Adjusted Life years - QALYs )
and the economic value of health improvement (in terms of the avoided health cost due to improvement in QALY). Beale et al.
(2007) analysed Health Survey for England data, estimating that 30 minutes a week of moderate-intense physical exercise, if
undertaken 52 weeks a year, would be associated with 0.0106768 QALYs per individual per year. Beale et al. (2007) assume this
relationship between physical activity and QALYs is both cumulative and linear. Claxton et al. (2015) estimate a cost-effectiveness
threshold of a QALY to be roughly £12,900/QALY in 2008 prices. This figure is used as a proxy for health costs, reflecting the
avoided health costs when QALY is improved by one unit. The monetary unit value is assumed to remain constant over time.

Improvement actions

The same approach as in the baseline account was used to estimate the number of active visits. The only deviation is that the
assumption that 51.5% of recreation visits are active was applied to the new visits to newly created or enhanced habitats (rather than
the total visits). The same approach as in the baseline account was used to estimate the value of physical health (avoided treatment
costs per visit).
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Mental health (1)

Baseline

The mental health benefit from visits to urban accessible greenspaces is estimated according to the number of avoided cases of mental
health conditions (MHCs) from visits to nature and the value associated with avoided treatment costs and avoided productivity loss from
these avoided cases of MHCs.

The number of new visits to urban accessible greenspaces has been estimated using ORVal, as detailed above in the calculation of
recreation benefits from visits to urban accessible greenspaces. The number of visits to urban accessible greenspaces have been
adjusted according to the proportion of wetlands being created on existing accessible greenspace. This adjustment ensures that the
number of visits are additional (See Physical Health, above) and therefore the benefits associated with those visits are also additional.
Visits to outdoor greenspace of 30 minutes or more per week could reduce the prevalence of MHCs by 7% (Shanahan et al., 2016). This
reduction in the prevalence of MHCs is assumed to be the same for visits to urban accessible greenspaces.

The proportion of visits to natural environments which last more than 30 minutes at least once per week have been estimated to
account for 55.4% of all visits to nature (White et al., 2016). To convert the number of visits into the number of visitors it has been
assumed that 52 visits per year account for one visitor given that a visitor must be visiting at least once per week, as there are 52 weeks
in a year. The proportion of visitors with the three commonest MHCs (namely depression, anxiety, and CMD-NOS) are assumed to be the
same as the proportion of the population with MHCs. According to ONS data, 3.3% of the population has been diagnosed with
depression, 5.9% has been diagnosed with anxiety, and 7.8% has been diagnosed with common mental health disorder not otherwise
specified (CMD-NOS).
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Mental health (2)

Baseline (continued)

These proportions of prevalence of MHCs have been adjusted in two ways. Firstly, the numbers are regionally based on UK regional mental health
data. For example, the north east of England has 14% higher prevalence of antidepressant prescribing than the rest of the UK, so the prevalence of
depression increases from 3.3%, which is the national average, to 3.8% in the north east. Conversely, London has prevalence of antidepressant
prescribing which is 14% lower than the national average, which therefore means that the rate of depression in London is 2.8%. Secondly, it has
been estimated that approximately 26% of mental health conditions co-occur, meaning that a single person may be diagnosed with multiple MHCs.
The estimated number of MHC is therefore adjusted to account for this co-occurrence. The rate of each MHC in each region are multiplied by the
number of visitors to urban accessible greenspaces. The number of visitors to urban accessible greenspaces with MHCs is then multiplied by the
proportion of these people that are likely to benefit from visiting nature, which has been estimated to be 7% of MHC cases (Shanahan et al., 2016).
This generates the number of avoided MHC cases from visits to urban accessible greenspaces.

The value of these avoided MHC cases is estimated based on the avoided treatment costs of MHCs (i.e. treatment-based costs) and the avoided
productivity loss from a reduction in MHC cases (i.e. employment related costs). Treatment-based and employment-based costs estimate the costs
of treating a single MHC diagnosis in a single patient. They therefore need to account for the co-occurrence of MHC mentioned above (Saraev et al.,
2021). Treatment-based costs have been adjusted by Saraev et al. (2021) based on the percentage of individuals with depression, anxiety, and CMD-
NOS that actually seek and receive treatment for their MHCs. Treatment-based costs include the cost of visits to GPs, prescribed drugs, inpatient
care, supported accommodation and social services, as well as contact with a range of professionals and other costs (Saraev et al., 2021).
Employment-based costs are estimated according to the average annual working days lost from individuals with depression or anxiety (Saraev et al.,
2021). The treatment-based and employment-based costs are then added, and multiplied by the number of avoided MHC cases to estimate the
total avoided costs from visits to urban accessible greenspaces.

Improvement actions

The same approach as in the baseline account was used to estimate the number of avoided MHC cases for new visits. The same approach as in the
baseline account was used to estimate the value of mental health.
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