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Forewor d

Engl andés National Nat ur e Re s efouramatural hEritaes Theyare e

some of our most important sites for wildlife and geology in England. They conserve biodiversity and
geodiversity, and provide 6outdoor | aboratori
enjoy and engage with our natural heritage. They also provide a much wider range of benefits to
society. This makes the NNRs important natural capital assets. We need to understand them to
ensure they are resilient, because we want them to continue to provide benefits for generations to
come.

In this report, we have developed an innovative approach to Natural Capital Accounting (NCA). Our
new approach documents the full range of benefits that the NNRs provide. We have built on our
ground-breaking Natural Capital Indicators report and sought to understand:

A the state of our assets;

A what ecosystem services they provide;
A what the benefits are,

A and the economic value of the benefits.

Importantly, we report across all these components, side by side. This is to inform comprehensive
decision-making and avoid the recognised pitfalls of partial accounts. | believe that these accounts
demonstrate not only how important NNRs are, but also how a more inclusive approach to NCA is
essential if we are to invest in, and manage, our natural capital for the full suite of benefits that they
offer.

Tim Hill, Chief Scientist, Natural England
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Executi ve Summary

Introduction

This report is a Natural Capital Account for the National Nature Reserves (NNRs). NNRs protect

someof Englandé s most i mportant habi Thaytesihodyouy eatuialeisersiyn d g e
from multi-layered geology to ferny woodlands, ancient grasslands and heaths, wetlands, moorlands

and wild coasts. They also support research, education and recreation. They cover approximately

0.7% of Englanddés | and surface.

We have taken an innovative approach to Natur al Ce
extended balance sheet, which displays the state of our assets, services, benefits and their economic
vauenext to each other. Our account is grounded 1in

evidence gaps and confidence intervals. This is all essential to support transparent decision-making.
Natural Capital

The natural environment provides a wide range of benefits to people. These include food, water,
flood alleviation, thriving wildlife and places to enjoy. The Natural Capital Committee (NCC) has
defined natural capital as:

Afthe el ements of nature that dir eincludingecasystemsn di r t
species, freshwater, |l and, minerals, the air a

(Natural Capital Committee 2017).

ect |
nd
The concept of natural capital is broad. It includes the living and non-living parts of nature, and the

systems they make up. These systems sustain life on Earth. If properly managed, natural capital

can provide benefits indefinitely. Some benefits of natural capital can be measured and valued, but

many are difficult to define and quantify. These are therefore often invisible in decision making. This

can result in natural capital being inadvertently degraded or destroyed. The solution is therefore to

include information about the benefits of natural capital in decision making. Our ability to do this is
improving rapidly, but is still a developing area.

Natural Capital frames the environment as a productive asset, in order to include it in economic
decision-making. So it asks the same questions about land that we might ask about machinery i
such as a tractor (figure 1). For example:

What benefits does it provide?

For how long?

1

1

1 How well?
1 What state is the asset in?
1

What maintenance and investment is required?

iv Natural England Research Report 078



Figure 1 We can ask the same questions about our natural assets as we can of our tractor

Logic chains to aid the understanding of natural capital

A natural capital approach sees the natural environment as a stock of assets. These assets enable a
flow of ecosystem services to people, who benefit from them, and therefore value them.

Figure 2 Natural England Natural Capital Logic Chain

Pressures and Drivers of Change

Management Intervention

Ecosystem

asset Ecosystem
services

Other capital inputs
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Figure 2, above, shows this flow of services from natural capital assets to people. The core of the
diagram shows the flow from asset, to service, benefit and value. To give a simple example, an NNR
might provide a hay crop. This can be used for animal fodder and has a market value. The three
white boxes show three properties of the asset which are critical to delivery of benefits. These are
quantity, quality and location. In our example, the value of hay produced will be affected by the
quantity of NNR farmed for hay but also the quality of the land. Location is not critical for hay
farming, but is critical for some other ecosystem services. For example recreation land is much more
valuable near centres of population.

The bars on the top and bottom of the diagram illustrate factors which influence this logic chain.
Starting at the top, the natural environment is subject to many pressures and drivers, such as climate
change, which can alter assets and resulting services. Environmental assets are managed, and
changes in management will also impact our logic chain. Finally, realising the benefits normally
requires inputs of manufactured, human or social capital. For example footpaths to provide access.

This logic chain is a simplification of a highly complex system. Often many assets are contributing to
each ecosystem service. Similarly, many services may be contributing to each benefit. There are
synergies and trade-offs which are not captured in this logic chain. However, this simplification helps
us systematically identify important relationships and asset attributes.

The work in these accounts has built on careful identification of key attributes and indicators of each
part of the logic chain (see Lusardi et al. 2018 Natural Capital Indicators: for defining and measuring
change in natural capital NERRQO76). Figure 3, below, illustrates the key attributes of the quality of
our natural capital in the roots that enable the flows, benefits to society and values in the canopy.

Figure 3 Key attributes of Natural Capital
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Natural Capital Accounting Methods

This account includes all the NNRs that are managed by Natural England - alone or in partnership
with others. Natural Capital Accounts (NCAs) are a way of organising information about natural
capital to inform decision making. They extend traditional accounts by putting economic values on
benefits that are not provided through the market. For example, many rural areas provide recreation
opportunities, but the value of these i s +market
benefits are valued using a range of technigues from environmental economics. NCAs calculate
asset values for environmental assets by adding up the future stream of expected benefits.

Traditional accounts play two important rol es.

accountability, whereas management accounts support internal decision-making. In time Natural
Capital Accounts may be able to play both these roles. They also have an important role in
communicating environmental benefits provided by organisations.

Methods for NCAs are still developing and different approaches are being adopted by different
organisations. There are not yet auditable standards like those for traditional accounting. One group
of Natural Capital Accounts is strategic: it focuses on relatively large areas. The Office for National
Statistics (n.d.a.) Accounts fall into this category. Another group focuses on organisational
boundaries. Most of the organisational accounts use the Corporate Natural Capital Accounting
(CNCA) tool (EFTEC et al. 2015). CNCA is designed to measure progress towards a future target
scenario. The asset value is set based on this scenario. This means that the reader needs to
understand the future target scenario to interpret the asset value and any changes to it. We cannot
predict future scenarios with confidence. We also want the accounts to be understandable without
significant investment in understanding the methodology. For this reason we have not used CNCA.

Public bodies and private sector organisations have different needs from NCAs. For private sector
organisations NCAs may provide extra information about public benefits, which sit alongside
evidence about their core market indicators. This may usefully broaden decision-making. But for
public bodies their role is to provide public benefits, and these will dominate the account. There is
not yet an approach to NCAs designed for public bodies, and this has been a focus for this study.

NCAs usually report using a final balance sheet that reports on the costs and monetary values of the
assets. Natural England has used the natural capital logic chain as the basis for our natural capital
accounts, seeking to report on each part of the chain: assets, services, benefits and values using the
indicators identified in our Natural Capital Indicators report (Lusardi et al. 2018). This approach aims
to provide decision makers with a more complete picture of the state of the assets, flows, benefits
and the values derived from them. Often, understanding values is insufficient to know whether or not
the asset is able to continue to provide benefits into the future. Figure 4 shows us that typically we
lose information as we go from left to right along the logic chains, from assets through to values.

This is particularly important for assets such as NNRs whose purpose is to provide a range of public
goods which are difficult to value. Thriving wildlife for example. Also, values on their own, may not
relate closely to the quality of the asset. For example, we can value woodland recreation based on
an average trip value, but this tells us nothing about which qualities of woodlands which are important
for recreation. Similarly, we can produce asset values based on the assumption that benefits will
continue at current |l evel s, e get athdnadle on this weineeatb
understand the state of the assets. This can also act as an early warning to potential changes in the
provision of services, benefits and values into the future.

ACCOUNTING FOR NATIONAL NATURE RESERVES
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Figure 4 Loss of information across the logic chain

Asset quantity, Ecosystem

: Benefits
services

quality and
location

What we can quantify decreases from left to right

We have developed an extended balance sheet which reports on the quantity and quality of the
assets, the ecosystem services, benefits and values alongside each other. Where quantified data is
missing, we have estimated the significance of ecosystem service provision and benefits qualitatively
using expert judgement. We did this to reduce the risk of partial valuation being misinterpreted and
to present a more complete picture to decision-makers.

We have used confidence levels (shown as a Red i Amber i Green traffic light rating) to indicate the
quality and appropriateness of the information behind the value figures.

Table 1 Key to confidence intervals

Definition Colour

We may have used some assumptions or estimation
: A Green O
but consider these figures uncontroversial.

We have used some assumptions or estimation and some of Amber @
these may be open to question. Accuracy is better than + or -50%.

We are confident that the number is in the right order of magnitude.
Order of magnitude implies that for an estimate of 5 that we are Red )
confident that the real figure is within the range 0.5 to 50.

We can't offer a number which is likely to be in the right order
of magnitude. This is due to unquantifiable uncertainty in the
science, valuation or the relationship between them. What we
do know, and our confidence, will be discussed qualitatively.

No number
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Headline results

Table 2 Headline Results

Ecosystem asset Ecosystem services

Ecosvstem Significance Quantity
Natural capital asset baseline y (1small to Indicator where
service )
3 large) available
Asset Attribute  Indicator il hay.a el 2 Sale of timber 3000t
other materials
Extent Total area (ha) 66839.7 Game and fish 1
Water supply 1
Ground water status (% good) 21
Water Framework Directive (WFD) ’
Hydrology Livestock 1
Surface Water status (% good) 186
WFD ’ Water quality i
Mean sulphur dioxide Bi53 Air quality 1
Nutrient/ concentration (pg m-3) ’
chemical Erosion control 1
status Mean nitrogen acid deposition 955
(kg N ha-1 year-1) ' Flood 4

protection

Mean Estimates of Soil Organic

soil Carbon in 30cm Topsoil (% of 9.13 Pollination 1
total) from NATMAP

Thriving

wildlife 3
% of NNR (ha) under a Site of
Vegetation Special Scientific Interest (SSSI) 513 Pest and
R i i dl
which is in favourable condition disease control
| . . Carbon
Nectar plant diversity - Climate . Sequestered - o0 000
Mean Estimates of Number of 5.05 regulation tonnes of CO» 4
Nectar Plant Species for Bees equivalent
(per 2x2m plot)
Species No. of recreational 55
composition Soil Invertebrates Abundance - Recreation, visits million
Mean Estimates of Total tourism and 3
Abundar?ce of Invertebrates 65.3 volunteering No. of volunteering
in Topsoil (0-8cm depth hours 150,000
soil core)
S::’lentlflc aTd 3 No. of eggcatlonal 37,000
Tranquillity (mean score) 13.8 educationa visits
Cultural Cultural
Scheduled monuments at risk 747 appreciation 3
(ha) ’ of nature

ACCOUNTING FOR NATIONAL NATURE RESERVES



Significance
Benefit (1small to Indicator
3 large)
Timbier, wood 2 Sale of timber
and hay
Income from grazing
Food 1
Sporting rights income

Clean and 1
plentiful water
Clear air 1
Protection from
floods and 1
other hazards
Pollination and

1
pest control
Biodiversity 3
Equable climate 3 Carbon sequestered
Health 2

No. of recreational visits

Cultura.l 3 No. of volunteer hours
wellbeing

No. of educational visits

Total quantified monetary benefits

Significance of unquantified benefits

Total annual costs

Benefits and values

Annual benefit

£56,000

£281,000
|

£28,000

£12 million
I

£22 million
|

£1.8 million
|

£123,000
|

£36 million

Confidence in
Asset value the values (RAG
where red is low)

£2 million ‘

£9 million .

£1 million .

£1 billion
I

£710 million
[—

£60 million
|

£4 million
|

£1.8 billion

Very large

£14 million
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Assets

The NNRs managed by Natural England are spread across England and cover 0.7% of the land
surface. Figure 5, below, shows their extent and location.

ACCOUNTING FOR NATIONAL NATURE RESERVES



Figure 5 The extent of NE-managed NNRs at the national scale, with reserves outlined in red

Map produced by Evidence Services
23/11/2018.
Map Ref NE20180424-1006-000-NNR-ES

Extent of National Nature Reserves (NNRs)
Managed by Natural England

© Crown copynantand database  (NEROILEAR
- NNRs (141 total) :lgggszgg;% Ordnance Survey E[\\JGLAF\JD

These are copyright ; for full dataset
copyright statements see appendix 6.5 of the full report

(Reserves have been outlined to improve clarity at national scale)

Xii Natural England Research Report 078



Table 3 shows the breakdown of NNRs into National Ecosystem Assessment habitat type (UKNEA,
2011). We have habitat data for 64,544 hectares of the Natural England managed NNRs estate.
2,295.7 hectares was not classified because it was below the high watermark. Some of the largest
habitat types were beaches?, saltwater and bog. On land the largest habitat types were broadleaved
woodland and grassland.

Table 3 NE-managed NNRs broken down by National Ecosystem Assessment broad habitat

patorateommempesesment gk ot ot
Estate (ha)

Woodlands 7,843 12
Enclosed farmland 5,508 9
Semi-natural grassland 4,613 7
Open water, wetlands and floodplains 8,568 13
Mountains, moorlands, heaths 8,630 13
Marine 21,680 34
Coastal margins 7,529 12
Urban 174 0
Total 64,544.1 100

A map of the Lizard NNR is offered below as an example (figure 6).

1 Littoral Sediment
ACCOUNTING FOR NATIONAL NATURE RESERVES



Figure 6 The Lizard NNR by National Ecosystem Assessment broad habitat

Map produced by Evidence Services
23/11/2018.
Map Ref. NE20180424-1006-000-NEA-BH-ES

©NERC (CEH) 2011
€ Third party licensors
© Nalural Engiand 2018
© Crown copyright and database
nghts 2018 Ordnance Survey
1000z

Based on LCM2007

Broad Habitat

Il Coastal Margins
Enclosed Farmland

1:60,000 @A4 § ] Marine

National Ecosystem Assessment (2010) Broad Habitat

B Semi-natural Grasslands

Freshwaters - Open waters,
Wetlands and Floodplains

I Mountains, Moorlands & Heaths

Urban

Il Woodlands I NNR

The baseline assessment of natural capital assets uses twenty seven indicators to describe the
extent and quality of the NNR assets. Using available data sources we were able to produce
mapped estimates of many types of natural capital asset and benefits. Data sets have been used
that describe aspects of hydrology, soils, nutrient and chemical status, vegetation, species

compositonand cul tur al Dbenefits, as

recommended i n

Report (Lusardi et al. 2018). Where possible, we have tried to apply open data in the quantification

of natural capital, under an Open Government License (OGL). However some proprietary (non-OGL)

datasets have been used in instances where open data is not available for representing a particular

type of natural capital asset.

We have been able to map a large number of natural capital indicators for the report. Figure 7 and
figure 8, below, provide examples from the key attributes i shown earlier as the roots of the tree.
See figure 7, below. The top-left shows water-quality at Stodmarsh, the bottom-left Tranquillity
mapping at Moor House i Upper Teasdale and the right-hand panel average nitrogen deposition

across the estate.

XiV Natural England Research Report 078
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Figure 7 Demonstration of mapping for water quality, tranquillity and nitrogen deposition

WFD River Waterbodies Overall Status Classification (2016)
o High w—— Go0d Moderate s PoOT — Bad

Map produced by Evidence Services
23/11/2018.
Map Ref: NE20180424-1006-000-HG-CUL-NC

621500 AP L 4000

163000
1

162000
1

IRISH SFA

161000

o

1:35,000 @'A4 "
sl Stodmarsh National
ey B . 3 .Nature Reserve

Tranquillity (2007) o
aw

(
Il 1405-0 0-50 [ s0-100 [ 100-1487  gcores)

3700 380000 # 2189009

530000
)

Average Nitrogen Deposition

(2013-2015)

ENGLISH CHANNEL Py . ‘ :1'(:-1’\‘
1:3,500,000 @ A4 5-12 12-19 19-27 yr-1)

1:200,000 @ A4
Moor House - Upper Teesdale
National Nature Reserve

Figure 8 below, provides three more examples. The top-left shows soil organic carbon at East
Dartmoor Wood and Heaths, the bottom-left Site of Special Scientific Interest (SSSI) condition at
Bure Marshes and the right-hand panel shows average nectar plant diversity for bees across the

estate.
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Figure 8 Demonstration of mapping for soil organic carbon, vegetation and nectar plant diversity

NATMAP Carbon - Soil Organic C (2005)
% of Cin

0-5 5-10 Il 0-15 Bl 5-184  topsoil

y
27500 %

WMap produced by Evidence Services
23/11/2018.
Map Ref: NE20180424-1006-000-SS-VEG-SC

1
280000

80000

©/1:50,000 @ A4

- East Dartmoor Woods
~ and Heaths National

~ Nature Reserve

Sites of Special Scientific Interest (SSSI) Condition (2018)
- Favourable Unfavourable No Change - Part Destroyed

Unfavourable Recovering  [Jll Unfavourable Deciining  [Jlf Destroved

y = T
632500 Firme T 635000

R { Sy - 1:50000@A4
: 7 i Bure Marshes National
Nature Reserve

Average Nectar Plant Diversity
for Bees (2016) (Mean estimates

ENGLISH CHANNEL ® . ofnu‘mber of
species per
1:3,500,000 @ A4 1-4 4-86 6-8 2x2moplot)

Natural Capital Accounting is designed to be repeated on a regular basis in order to help managers
keep track of their assets. Our assessment this time forms a baseline against which future accounts
can be compared. Data sets that were applicable to this work are limited. They are of variable
resolution, have varying intervals for repetition, and in some cases are proxies for a quality aspect we
are interested in and not direct measures. Nevertheless, this provides a useful suite of information
against which we can measure changes in quality and extent of the natural capital assets at a future
date. We have not benchmarked the indicators of the quality of natural capital against other assets
beyond NNRs but this could be a useful exercise to undertake at a later date.

Services

Thriving wildlife, recreation and scientific research are the NNRs core purposes, but they also deliver
a wider range of ecosystem services. Table 4 below shows our estimates of the significance of
ecosystem services provided by the assets. These are based on expert opinion. The quantity,
quality and location of the assets influence this ecosystem service delivery, as does management
and external pressures. The relationships between the asset features and delivery of ecosystem
services is too complex to capture on a simple diagram. This also applies to the other steps in the
logic chain. Interested readers should refer to our Natural Capital Indicators report (Lusardi et al.
2018).
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Table 4 Ecosystem Service Significance, Indicators and Quantities

Ecosystem service @ il 3 o) Indlcator hermaa el
Timber, hay and other materials 2 Sale of timber 3000t
Game and fish 1

Water supply 1

Livestock 1

Water quality 1

Air quality 1

Erosion control 1

Flood protection 1

Pollination 1

Thriving wildlife 3

Pest and disease control 1

Climate regulation 3 toﬁi:ebsogfscegzu:qsaei\rglje;] ; 185,000
Recreation, tourism No. of recreational visits 5.5 million
andvglunicering ’ No. of volunteering hours 150,000
Scientific and educational 3 No. of educational visits 37,000
Cultural appreciation of nature 3

We are able to quantify only a small proportion of these ecosystem services. Even where we are
able to quantify the ecosystem services we do so based on a combination of evidence and
assumptions. For example the number of recreational visits is based on point or range estimates
provided by NNR staff. Similarly, there a number of ecosystem services which are not insignificant
but which we do not know enough about to quantify. To give one example, land maintained as a
nature reserve will hold and slow down water, reducing flooding downstream of it, but the scale of
this is not currently known for our NNRs. There is an opportunity to improve the collation and
collection of suitable data for future accounts.

Value and significance of benefits

Society values NNRs for the enjoyment people gain from them and the benefits they provide. They
are especially valued for their role in:

1. nature conservation and protection of biodiversity
2. conservation and enhancement of the landscape
3.  access to the countryside/open spaces and open-air recreation

4.  access to facilities for the study, understanding and enjoyment of the natural environment.

ACCOUNTING FOR NATIONAL NATURE RESERVES



These are all services which Natural England is responsible for providing and which are essential
prerequisites for achieving the goals | ai(dMout
Government 2018). All of these services are provided by natural capital which the Government is
committed to protecting and growing.

We have assessed the significance of these benefits and where possible have estimated their
monetary value, these results are summarised in table 5 below.

Table 5 Significance of benefits, values and confidence ratings

Confidence in

Significance the values
Benefit (1 small to Indicator Annual benefit Asset value (Red is low,
3 large) Amber is Medium

& Green is High)

Timber, wood B sale of timber £56,000 £2 million .
and hay
Income from grazing 525,000 £9 million @
| \
Food 1
Sporting rights income E25.000 £1 million ®
Clean and 1
plentiful water
Clean Air il
Protection from
floods and 1
other hazards
Pollination and
1
pest control
Biodiversity 3
Equable climate 3 Carbon sequestered £L2million £1billion o
— I
Health 2
No. of recreational visits £22 million £710 million .
|  im—
Culturajl 3 N otvaitinteerbsiire £1.8 million £60 million .
wellbeing . '
No. of educational visits £123,000 £4 million .
Total quantified monetary benefits £36 million £1.8 billion .

Significance of unquantified benefits Very large

Total annual costs £14 million
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The most significant benefits provided by NNRs are thriving wildlife, equable climate and cultural
services 2wvel |l beingo

Although we are able to put a monetary value on some cultural well-being benefits, there are many

more that are difficult to separate out or quantify, such as tranquillity, inspiration and sense of

belonging. These are often described using the language of landscape, but we have used cultural

benefits for consistency with the ecosystem service framework we are using. They also include non-

use values 1 the fact that people value the conservation of nature, landscapes, habitats and species

whet her or not they visit them. We assess the sicgc

We estimate the monetary benefits to society from recreational and educational visits and volunteer
work as being of the order of £24 million per annum, with an asset value of around £774 million. We
are not able to estimate the magnitude of other cultural benefits or thriving wildlife, except to note that
they are very significant and very likely to exceed the benefits we have been able to quantify.

The largest benefits that we can quantify in monetary terms are from carbon sequestration i resulting
in less damage from climate change in the future. We estimate that NE managed NNRs sequester
around 185,000 tonnes of CO; equivalent per year. This provides annual benefits of around £12
million. The value of carbon sequestration is expected to rise sharply over the next 50 years such
that annual benefits will reach £65 million in 2077.

The natural capital asset value for carbon sequestration over the next 100 years is expected to be
around £1 billion3, assuming that NNRs are maintained in at least their current condition. If NNR
condition is allowed to decline, or if some NNRs are converted to other land uses then substantial
carbon emissions could result. For example emission of 5% of the carbon stored in NNRs would
amount to 600,000 tonnes. This additional 600,000 tonnes of CO- equivalent would cause damage
with a value around £3.5 billion over the next one hundred years*.

Overall we estimate the monetary value of quantifiable benefits from NNRs to be in excess of £36
million per year with a natural capital asset val
significance of benefits that we have not been able to value in monetary terms and suggest that

these are probably greater than the quantified values.

2 Cultural benefits include:- capabilities eg knowledge, health, dexterity, judgement. Experiences eg tranquillity,
inspiration, escape, and discovery. ldentities eg belonging, sense of place, rootedness, spirituality, sense of

history. Non-use values: existence, bequest, altruistic, option

8 Official Carbon Price estimates are available until 2100. These assume that the carbon price slowly declines

from 2077 onwards. The asset value has been calculated assuming that this price decline continues at a

steady rate 1 from £304 in the 2100 to £217 in 2017.

4Damage foreachf ut ure years has been discounted and then adde
valued figure using Treasury guidelines).
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Costs

We have attempted to estimate the cost of managing NNRs to Natural England from the financial
accounts. The results are in table 6 below.

Table 6 Expenditure relating to NNRs for the 2017/18 Financial Year

Cost £ millions
Staff costs for NNR and 45
NNR related staff ’
NNR running and capital costs
U H U 4.2
(‘'direct’)
NNR running costs (‘indirect’) 31
NNR related expenditure by

e 0.37
partner organisations
Replacement cost of volunteers 1.8
Total 13.97

Confidence

Rating

@® cCreen

@® Creen

Amber

@® cCreen

Amber

Amber

Natural England spent around £11.8 million on NNRs in 2017/18, this includes staff costs of £4.5
million, direct running and capital costs of £4.2 million and indirect costs of £3.1 million. The indirect
costs are based on an assumption of a percentage of NE overheads and general expenses being
spent on these NNRs. Further work would be required to assess appropriate percentage, hence the
amber confidence rating.

Partner organisations such as the Heritage Lottery Fund and the EU spent a further £370,000 on
particular NNR related projects.

The estimated market cost of replacing the work carried out by volunteers on NNRs was £1.8 million.
This is based on an average value per hour per volunteer, because we do not have data on the
categories of work undertaken by volunteers. For this reason we have given this estimate an Amber

rating.

This brings the total economic cost of managing these NNRs in 2017/18 to around £14 million.

XX
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Discussion

The presentation of information on assets, services, benefits and values together seeks to avoid the
problem of partial accounts that occurs in natural capital accounting. We believe this approach is
appropriate to inform strategic decision-making about natural capital assets. It is particularly
appropriate to asset owners who are concerned about the state of their assets and the long-term
provision of public goods. It is therefore particularly relevant to public bodies and charities, but also
private sector organisations with a commitment to corporate responsibility.

Building the accounts on key attributes of the natural capital stock itself, enables us to understand
how the state of our natural capital is changing, and can act as an early warning system for future
changes in the provision of ecosystem services, benefits and values.

This account is a baselinerepor t agai nst which future accounts can
comment on whether the assets are in good condition or otherwise, it just reports on the current state

of the NNRs in natural capital terms. We have not benchmarked the results against other groups of

assets.

We have used the best available open data where possible, under an Open Government Licence
(OGL). Occasionally we have had to use contractor published data, where nothing else was
available for representing natural capital assets. Most of the datasets used are not updated on an
annual basis. This suggests that annual accounts would not be appropriate as they will not pick up
on change. A frequency of every four years seems more appropriate. The limited number of
relevant datasets also suggests there are huge opportunities for further data collection going forward
including data collected at our NNRs themselves, through to the potential repeats of surveys such as
the Tranquillity Dataset.

Our estimate of total cost to society per year is approximately £14 million. This is based on
expenditure of about £12 million and a replacement cost for volunteers worth about £2 million. We
have been able to put a monetary value on only a small proportion of the benefits. This is due to
data and knowledge limitations, rather than the approach to this study. These were recreation (£22
million per year), carbon sequestration (£12 million per year) and benefits to volunteers (£1.8 million
year). We note that due to uncertainties, these humbers could be up to ten times larger or smaller.
Even at the most conservative assessment they are still significantly larger than traditional
accounting asset values based only on market goods. If we could calculate the full value of the
NNRs, based on all the ecosystem services the figure would be much larger. It is not appropriate to
compare the costs in one year to the benefits in one year. This is because the benefits in any single
year are the result of investment over many years. Working out the investment required to deliver a
particular set of benefits would require detailed investigation into the specific costs of NNR
management. Nevertheless, our large partial benefit values suggest this investment in managing
NNRs is good value for money.

We cannot tell from this study whether benefits levels will stay the same, increase or decrease. This
will depend on a complex mixture of investment in the NNRs and external drivers and pressures.
Because we have no evidence about future change to benefits, we have chosen to calculate asset
values based on the assumption that they will stay the same. On this basis we produce an asset
value of £1.8 billion.

To ensure that the benefits continue, or increase, we need to understand, protect and invest in the
ecology. We also need to understand how this delivers benefits. This is best done at site level. But
it's also useful to understand it strategically. Our assessment in this report is a first pass at this. The
data gaps and confidence intervals mean that the approach taken in this study is not an appropriate
management tool for NNRs. But it does provide a valuable additional perspective on them. It helps
to highlight the broader benefits provided by the NNRs, beyond their core role of conservation,
access and research. Further data collection on NNRs, and some changes to our accounting data
would improve this assessment next time. Our approach also points towards further innovation in
this area. For example, we could use participatory approaches to underpin the qualitative

ACCOUNTING FOR NATIONAL NATURE RESERVES



assessment. Or we could use approaches from complexity science to represent less than certain
information about system relationships.

Conclusion

Natural England6 BINRs offer significant benefits to society. The most significant benefits are in line
with the NNRs core purposes of thriving wildlife, scientific research and recreation but there are many
others. Benefits from climate regulation, provision of goods, health and broad cultural well-being are
also significant. Beyond this there is a long list of ecosystem services where NNRs make a modest
contribution. We were able to put an economic value on only a small proportion of the benefits, but
even this partial valuation helps to illustrate the importance of NNRs to society.

This innovative approach to NCAs provides a baseline assessment of the quantity and quality of our
natural capital assets, the services and benefits provided, and their value all reported alongside each
other in an extended balance sheet. This provides comprehensive, accessible information that is
available for better decision-making and avoids the problems of partial natural capital accounts.
Leaving the environment in a better state for future generations will require meaningfully linking
financial decisions with environmental assets and benefits. This study is a contribution to this long
term task. We commend this approach to all organisations which are committed to managing their
environmental assets to deliver public benefit over the long-term.
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1l ntroducti on

1.1 Purpose of this report

This is a Natur al Capital Acc onallfNaturd RéseA9s f or Nat u
(NNRs). Nat ur al England is the governmentds adviser
England. Most of our work is on land managed by others, but NCA focusses on the land an

organisation manages. The focus of this report is the NNRs, which are almost all Natural

England's land holdings. This report covers the NNRs which Natural England manages -

alone or in partnership. This is 141 NNRs, about two thirds of the NNRs in England.

Traditional accounting allows organisations to keep track of their assets. It provides

information on asset value, state and maintenance costs. But it only includes benefits which

are traded in markets. Many benefits provided by the natural environment are provided for

free, outside the market, and so are not captured. As a result these benefits are often

undervalued, or ignored altogether, in decision-making. NCA extends accounting to non-

market benefits, such as carbon sequestration or recreational values. These broader based
accounts can inform and i mpmakinge Soahis repartgetssmout s at i o n &
the value, state and maintenance costs of the NNRs.

1.2 Our approach to natural capital

The Natur al Capital Committee (NCC) has defined
that directly or indirectly produce value to people, including ecosystems, species, freshwater,

land, minerals, the air and oceans, as well as natural processes and functionsd .  dohcept

of natural capital is broad and covers both living and non-living parts of the natural world as

well as the processes that link these and sustain life on Earth, including humans. Natural

capital considers our natural environment as a stock of assets that enable a flow of

ecosystem services to people who benefit from them and therefore value them. This flow of

services from natural capital assets to people is represented in the diagram below.

Figure 1 Natural England Natural Capital Logic Chain

Pressures and Drivers of Change

Management Intervention
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An example of this flow might be farmland (asset) that provides a crop (ecosystem service)
that is turned into food (benefit) that people value and buy. Ciritically, it is not only the
guantity of the asset that influences the potential flow of ecosystem services, but also the
guality of the assets and where they are in relation to people. Our diagram also recognises
that these logic chains exist in context and are influenced by management and wider
pressures and drivers of change. Finally, most of the final benefits received by people are
as a result of a mixture of natural capital and other capitals. For example the production of
crops requires an input from nature, but also one from labour and machinery. Even
recreation requires car parks, or walking routes.

This é6logic chaind is a simplistic representatic
and multi-dimensional. Often multiple assets are contributing to ecosystem services and

similarly multiple services may be contributing to, or trading off, to provide benefits and

values. However, this simplistic approach helps us to tease out some of these relationships

in a systematic way and to identify important attributes of the assets, the consequential

services, benefits and values. Natural England has used this natural capital logic chain as

the basis for our NCA, seeking to report on each part of the chain.

This study is unusual in the percentage of our effort which has gone into understanding the
ecological status of the assets. Although difficult, this work is essential, because it is the
state of the asset which will control whether services continue to be delivered into the future.
The tree diagram (figure 2 below) features the same system as the logic chain, but inverts it
so that ecological condition is shown as the roots of the system. The detail around the roots
shows the ecological indicators we have used to assess quality.

Figure2Logi ¢ chain oO0tree diagr amBGofadsaistaten g ecol ogi c e
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1.3 Background
NCAs have been promoted by the Natural Capital Committee, which sees them as a central

tool in mainstreaming the value of nature. To date NCAs have been produced by Forest
Enterprise, the Environment Agency and the National Trust, amongst others.
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There are broadly two types of NCA; strategic and corporate. Strategic NCAs look at natural
capital value across a land area. For example the Office for National Statistics work across
England (ONS 2018), or the accounts for national parks (Eftec et al 2015). In contrast a
corporate approach looks at the land holdings of a specific organisation, and is often more
detailed. Whilst the corporate approach and the associated Corporate Natural Capital
Accounting (CNCA) (EFTEC et al 2017) methodology appears initially to be a better fit for an
account of NNRs, we did not choose to use it. This is because CNCA relies on a complex
future projection to produce its asset values and that was not appropriate for this study. Our
decision not to use CNCA is based on a trial we conducted last year, on a small sample of
NNRs.®

1.4 Concerns about NCA that we have addressed

There are a number of significant concerns about NCA as a decision-making tool which we
have addressed:

NCAs tend to report the final balance sheet as the result of the study. In other words,
the financial values are upfront. If it was possible to capture all the costs and
benefits in the balance sheet this would be appropriate. However, the reality is that

there are many benefits relevant to NNRs thatwec andét quantify or val

important. Also, there is a consistent pattern to which benefits are easiest to put an
economic value on. So NCAs often place a value on crops, carbon sequestration

and recreation, but rarely on thriving wildlife, natural beauty or reduced flood risk. If

the balance sheet i s s emakingavl betskewed towands we r 6 ,
those that can be valued. In this study we have sought to avoid this problem by

estimating the significance of benefits qualitatively as well, and drawing attention to

these judgements in the summary results.

Communicating confidence levels in the results. NCAs have tended not to do this,

but itds essential t hat-mdkdrsaye likelpto misintgipreth o u t
the results, perhaps assuming that confidence levels are similar to those in traditional
accounts. In this study we have avoided this problem by clearly marking our

confidence levels on values and quantitative findings. Our confidence levels range

from numbers we consider uncontroversial to numbers which could be ten times

larger or smaller.

Losing sight of the natural assets themselves, and the state they are in. At the heart
of the idea of natural capital is bringing natural assets into a management cycle, so
that they are invested in, and maintained. We cannot do this unless we understand
their condition. It is many times harder to do this for natural assets than it is for

manufactured assets. Natural assets are sysH

understand. Also, it is possible to produce some economic values for benefits

without really understanding how they relate to natural asset quality. For example we

can value recreation based on an average trip to woodland, but this tells us nothing

about which qualities of woodlands are important for recreation. Similarly we can

produce asset values based on the assumption that benefits will continue at current

|l evel s, but the critical guestion is o6wil/l
understand theunder | yi ng ecol ogy. I n this study we
Natural Capital indicators work to explore the art of the possible in understanding the
underlying ecology using available data.

5 publications.naturalengland.org.uk/file/4602824549203968
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1.5 Potential roles for NCA

NCAs are an emerging tool and it is not yet clear what decision-making purposes they will be
able to serve. They do not have the status of external accounts, which are used to hold an
organisation to account. It will be difficult for them to assume this role because it would
require achieving a greater level of objectivity than is possible at the moment. Instead they
could be used as management accounts i internal information to support better decision-
making. If this is the case then the sorts of innovations we have used in the study will be an
essential starting point. They would need to be complemented by a broader dashboard of
targets. They also have a role in communicating the wider benefits offered by natural capital
assets.
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2Met hodol ogy

2.1 Assets - National Nature Reserves
2.1.1 Whi c h M Rduded in the accounts?

NCA is designed to account for an organisationds
based on the NNRs which Natural England owns. Unfortunately, ownership is a complex and

changing pattern of leasehold, freehold and land managed as nature reserve by agreement

(NRA), and ownership does not always relate directly to management. Therefore we

decided to focus this report on the NNRs which Natural England manages, alone or in

partnership with others. This is 141 NNRs, equating to around two thirds of all reserves and

covering approximately 66,839.7 ha. (see appendix 6.3).

2.1.2 Identifying indicators and datasets

There have been a wide range of natural capital assessments, with a variety of approaches.
The indicators and datasets used in the work are varied and often based on availability of
data as opposed to suitability. Natural England undertook a review of natural capital
indicators which identified the most important attributes of natural capital assets that enable
the ongoing provision of ecosystem services, benefits and values (Lusardi et al. 2018). We
were able to identify the ideal indicators for measuring change in natural capital and then
compare these to available data, identifying gaps where there was nothing suitable. The
work used the natural capital logic chain (figure 1) and described assets in terms of broad
habitats. Over 80 specialists from Natural England and the Environment Agency informed
this work. Indicators were identified based on a series of principles that considered how well
they described the system, were sensitive to change and could infer action (see 6.2 for more
detail). Desirable datasets were those that most closely described the indicators, were
regularly updated, and were accessible. The work identified indicators for the natural capital
assets in terms of their extent, quality and location; the ecosystem services and benefits.
This work has formed the basis of the indicators and datasets used in these accounts.

2.1.3 Extent of NNR Natural Capital

The overall extent of the NNRs included in the study was derived from geographical

information. This overall stock has been split into eight broad habitat types to describe the

natural capital assets in greater detail. This complies with work developed by the UK

National Ecosystem Assessment (UKNEA, 2011) and is consistent with the Office for

National statistics UK Ecosystem Accounts (ONS, 2017b). Habitats are particularly useful

for describing natural capital assets as we can attribute them to places on the ground, in this

case the NNRs, and they are mutually exclusive i.e.landcan 6t be bot h a woodl an
grassland, unlike some other asset typologies. In order to derive predominant Broad

Habitats for each NNR, we used the Centre of EcologyandHyd r ol ogy6s (CEH) VLand
Map 2007 (LCM2007) data to map out 23 LCM classes into the 8 broader classes (see table

10). The LCM dataset is created by classifying summer-winter composite images captured

by satellite to a resolution of 25 m? providing an overall accuracy of 83% (CEH, 2011).

2.1.4 Asset quality
Natural Capital Indicators review

Alongside the quantity of the natural capital asset (extent), the quality of the asset is also
critical in determining its ability to potentially provide sustainable ecosystem services and

ACCOUNTING FOR NATIONAL NATURE RESERVES



benefits into the future. Natural England (2018c) identified seven categories of the most
important indicators illustrated in table 1.

Table 1 Key asset quality categories and associated indicators

Asset quality category

Indicator

Hydrology and
geomorphology

Nutrient/chemical status
Soil/sediment processes

Species composition

Vegetation

Cultural

Geodiversity

naturalness of water levels, flows, flooding, aquifer
function, lake hydrological regime and extent of artificial

drainage.

of water, soil and air/atmospheric deposition.

carbon, biota, peat depth, coastal sediment supply.

naturalness of biological assemblage, absence of invasive
non-native species, plant species diversity, presence and
frequency of pollinator larval & adult food plant and
marine net productivity, by species.

ratio of vegetation to bare soil, plant growth rate, surface
vegetation roughness, proportion of peat mass actively
forming peat, vegetation structure/structural diversity,
extent and condition of linear features & pockets of semi-
natural vegetation (in farmland) and vegetation next to

water courses.

a.

Nature: visibility of wildlife, presence of
flagship and/or rare species, species
diversity, naturalness of watercourses,
favourable condition of SSSIs and
designated geosites.

Landscape: boundary features i type,
length and condition; size of environmental
space.

Culture and history: designated historic
environment assets.

Quietness: tranquillity.

Facilities: number of organised events,
presence of clubs, schools, training
centres.

Accessibility: perimeter access points,
density of public rights of way / permissive
paths.

favourable condition of designated geosites, active
geomorphological processes.
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In these accounts we have sought datasets that describe each of these first six categories.
Geodiversity considerations have been included i
been dealt with separately because of the lack of specific geological datasets suitable for the

accounts. We have followed the principles of good indicators in accordance with the

recommendations of the report (Lusardi et al. 2018). The datasets needed to be of sufficient

resolution that they could be cut by NNR and, ideally, regularly updated. This combination of

requirements has meant that sources of appropriate data have been limited and we have

used less than ideal information. This is one of several sources of uncertainty in our study

and we have scored the data used in terms of its suitability (see table 2). The overall score

is a combined measure of (i) spatial resolution, (ii) temporal resolution (which may infer

update frequency), and (iii) expert judgement of the extent to which each dataset can be

acceptably defined as a proxy for the asset it represents. Each variable was categorised

from 1 (low) to 3 (high) and summed to produce the overall scores. Overall scores between

3 and 5 represent O6poord data sources and bet wee
datasets exhi biting a total score of SGurhademiloheen c¢l :
overall quality scoring of geographical data is provided in appendix 7.5.1.

Table 2 Data suitability score

Spatial Temporal Proxy (C) Overall Score
Resolution (A) | Resolution (B) (A+B+C)
Possible Score | 1,2 0r 3 1,20r3 1,20r3 Between 3 and
9

Geographic Information (Gl) analyses were undertaken to ascertain the extent and quality of
a range of ecosystem assets and quantify natural capital within the NNRs. Environmental
datasets were identified across the six asset quality categories outlined above that could
suitably be used as proxies for the indicators, and were each clipped to NNR boundaries
(NE, 2018a) to output disaggregated area values. These were later aggregated, providing a
total area within NNRs. The aggregated tables are provided in section 3.1 of this report, and
the disaggregated tables by NNR are provided in appendix 6.4.

Table 3 below summarizes the datasets we have used in this study, with the release date of
each italicised. These data are categorised into the asset category that they represent.
Overall scores, generated through assessment of both the quality of the data and its
suitability as a proxy for representing the assets are also provided. Detail on how the scores
are assigned to datasets is given in appendix section 6.6.3 and table 29. The scores have
been summarised within a graded colour scheme for visual clarity and are shown for all input
data in the study.
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Table 3 Dataset scores for fit against ideal natural capital indicators

(i) Hydrology

Indicator Type Dataset (and release date) (S)verall
core
Headwater Stream Quality 2016 (based on Countryside 4
survey 2007 sample data)

Water Framework Directive (WFD) River, Canal and
Surface Water Transfer Waterbodies Cycle 2 2016

Joined to WFD Classification Status Cycle 2 2016

WFD Groundwater Bodies Cycle 2 2015

Joined to WFD Classification Status Cycle 2 2016

(ii) Soil/
Sediment
Process

AMEC Spatial Prioritisation of Land Management for
Carbon 2014

Moorland Deep Peat AP Status 2008

NATMAP Carbon 2005

(iii) Nutrient/
Chemical Status

Deposition and Concentration Values for Protected Sites in
the UK (2013-2015) 2017

WFD River, Canal and Surface Water Transfer Waterbodies
Cycle 2 2016

Joined to WFD Classification Status Cycle 2 (Chemical
attributes) 2016

WFD Groundwater Bodies Cycle 2 2015

Joined to WFD Classification Status Cycle 2 (Chemical
attributes) 2016

Nitrate Vulnerable Zones 2017

Expected Plant Habitat Indicators 2016 (based on 4
Countryside survey 2007 sample data)
(iv) Species Nectar Plant Diversity 2016 (based on Countryside survey 4
Composition 2007 sample data)
Soil Invertebrates Abundance 2016 (based on Countryside 4
survey 2007 sample data)
(v) Vegetation Sites of Special Scientific Interest condition (England) 2018
(vi) Cultural Scheduled Monuments at Risk 2016
Tranquillity 2007 5
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The sections below offer further detail into the datasets used to represent the six indicator
categories, including reasons for selection, key attributes quantified and overall assessment
framework. Further information of the rationale and limitations behind dataset selection and
analytical treatment is covered in appendix 7.5.2.

(i) Hydrology and Geomorphology

These aspects of asset quality assessed are particularly important in supporting the
following ecosystem services: water quality; water supply; maintenance of nursery
populations and habitats; cultural services.

Water Framework Directive (WFD) River, Canal and Surface Transfer Waterbodies Cycle 2.
Under the European Water Framework Directive (WFD), member states are obliged to
monitor and report on the environmental health of their waterbodies at national scale (EC,
2000). Useful characteristics for assessing hydrological natural capital quality within this
framework include the Overall, Ecological, Hydrological and Morphological status of rivers,
canals and surface transfer waterbodies. The WFD Chemical status is used in the nutrient
and chemical status section of this NCA. The WFD River, Canal and Surface Transfer
Waterbodies Cycle 2 data (EA, 2016c¢) were used with the WFD Classification Status Cycle
2 data (EA, 2016a) to calculate river length for each status type across the NE-managed
NNR estate. Density values were also calculated, based on the total length of all river status
types present in relation to the area of NNR.

WFD Groundwater Bodies Cycle 2.

As with surface water bodies, the WFD Groundwater bodies data (EA, 2016b) was used in
the analysis of hydrological natural capital assets in NE-managed NNRs. Attributes required
in the quantification of groundwater body health under the Directive include Overall and
Quantitative status (EC, 2000). The WFD Groundwater Bodies Cycle 2 (EA, 2016b) data
were used in conjunction with the WFD Classification Status Cycle 2 data (EA, 2016a). This
was then used with the NNR map layer to ascertain extent of the status of groundwater
resources that fall within NE-managed NNRs.

Headwater Stream Quality.

Headwater streams are often not included in the WFD water bodies and are less likely to be
monitored. This NCA used previous natural capital modelling and mapping work by CEH/NE
(2016), which statistically extrapolated headwater stream quality across England, based on
Countryside Survey (2007) sample data. The headwater stream quality layer offers a
comparison of the observed and expected presence of particular invertebrate species based
on Biological Monitoring Working Party (BMWP) scores. Higher scores indicate better quality
when invertebrate communities are used as a proxy for health. Mean quality scores were
calculated from this dataset for the NE-managed NNR estate.

(i) Nutrient/Chemical Status

The aspects of asset quality assessed for nutrient/chemical status are important in
supporting the following ecosystem services: wild animals & their outputs; wild plants, algae
and their outputs; aquaculture; water quality; air quality; pollination & seed dispersal;
maintenance of nursery populations and habitats; and cultural services.

Deposition and concentration values in protected sites (2013-15)

For characterising the chemical quality of natural capital across NE-managed NNRs, in
relation to air quality, the O0Deposi intheWK an
(2013-15) 6 dataset was used (Bealey et al., 20
air pollutant composition across Sites of Special Scientific Interest (SSSIs), Special Areas for
Conservation (SAC) and Special Protection Areas (SPAs). 97.7% of the area of NE-

managed NNR is designated as SSSI. As such, values assigned to SSSIs have been used

d con
17) .
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to estimate deposition and concentration values across the reserves. The datasets provide
calculated concentrations of ammonia, nitrogen oxide and sulphur dioxide and deposition
values for nitrogen and sulphur.

WFD River, Canal and Surface Transfer Waterbodies Cycle 2

As with the Hydrology asset theme, WFD River, Canal and Surface Transfer Waterbodies
Cycle 2 (EA, 2016c) and WFD Classification Status Cycle 2 data (EA, 2016a) data were
used to assess Nutrient/Chemical status. WFD status data are expressed as river length and
mean density (river length divided by the area of the NE-managed NNRs), across the NNRs.

WFD Groundwater Bodies Cycle 2

The chemical status of groundwater bodies is another important element under the WFD.
Chemical status is used in the calculation of Overall status, with the WFD Groundwater
Bodies (EA, 2016b) and WFD Classification Status Cycle 2 (EA, 2016a) layer. The outputs
offer insight into the extent and chemical status of groundwater resources beneath NE-
managed NNRs.

Nitrate Vulnerable Zones (NVZ)

Nitrate Vulnerable Zone (NVZ) extents (EA, 2016d; EA, 2016e; EA, 2016f) (developed
following the Council Directive 91/676/EEC concerning the Protection of Waters against
Pollution caused by Nitrates from Agricultural Sources (EEC, 1991)), have been used in the
NCA in relation to nutrient and chemical status. NVZs extend across much of England and
are designated in areas where nitrate inputs from agricultural sources are currently or could
potentially result in water pollution. The NNR map layer was used with the NVZ layer to
calculate areas of zone types within the NE-managed NNR estate.

(i) Soil/Sediment Process

The aspects of asset quality assessed for soil/sediment processes are important in
supporting the following ecosystem services: cultivated crops; reared animals & their
outputs; water quality; mass stabilisation and control of erosion rates; maintenance of
nursery populations and habitats; global, regional & local climate regulation.

AMEC Spatial Prioritisation of Land Management for Carbon
Figures for both carbon stock and Greenhouse Gas (GHG) flux were calculated by assigning

a factor derived from the NE commissionedre por t o6 Spati al Prioriti

sati

(0]

Management for Carbond (AMEC, 2014) and OAccount

LCM habitat class. This was then multiplied by the area of each habitat class within the NE-
managed NNR estate. The results cover stocks and fluxes from habitats and land use only.
Data was not available on the types of management approaches used (for example
livestock, machinery, fertiliser use) which may offset fluxes.

NATMap Carbon (Soil Carbon)

Derived from the National Soil Map, NATMAPcarbon (Cranfield University, 2005) data
provide estimates of soil carbon stock per unit area within specific soil depth ranges. For the
purposes of quantifying soil organic carbon in this accounts, the decision was made to
exploit values associated with the topsoil (0-30cm) only. This intended to minimise
duplication of quantified values by separating carbon flux trends exhibited within the more
dynamic topsoil layer from those exhibited across all soil horizons. Average values were
calculated across the NNR estate from this layer as a percentage of the total soil carbon
stock to a depth of 30cm.

(iv) Species Composition

The aspects of asset quality assessed for species composition are important in supporting
the following ecosystem services: wild animals & their outputs; wild plants, algae and their
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outputs; pollination & seed dispersal; maintenance of nursery populations and habitats; pest
& disease control and cultural services. The species composition of soil, is important for all
ecosystem services dependent on soil processes.

Expected Plant Habitat Indicators

This NCA used previous natural capital modelling work by CEH/NE (2016), which statistically
extrapolated expected plant habitat indicators (EPHI), across England, based on
Countryside Survey (2007) sample data. A range of positive indicator species were identified
for specific habitats using the Common Standards Monitoring (CSM) guidance for SSSis.
Therefore the selected species from the Countryside Survey 2007 data represent habitats of
good guality. Mean scores were calculated using the EPHI data and the NNR boundary layer
to demonstrate average presence values as percentages across NE-managed reserves.

Nectar Plant Diversity for Bees

A further output from the work by CEH/NE (2016) was a spatial layer providing estimates of
the presence of nectar plant species for bees, based on Countryside Survey sample data
2007. This was included as bees are important pollinators. Development of a list of optimal
nectar plant species was guided by CSM standards and previous literature. This layer was
used to generate mean estimates of nectar plant species for bees across the NE-managed
estate.

Soil Invertebrate Abundance

The CEH/NE (2016) natural capital modelling and mapping work on the abundance of soil
invertebrates, was also used in this NCA. Invertebrate abundance in the topsoil (0-8cm), is
statistically extrapolated based on Countryside Survey 2007 soil core sample data. This
layer was used with the NNR layer to derive mean estimates of total numbers of soil
invertebrates expected in 0-8cm depth topsoil cores, within NE-managed NNRs.

(v) Vegetation

The aspects of asset quality assessed for vegetation are important in supporting the
following ecosystem services: wild animals & their outputs; wild plants, algae and their
outputs; water quality; air quality; mass stabilisation and control of erosion rates; flood
protection; maintenance of nursery populations and habitats; global, regional & local climate
regulation and cultural services.

Sites of Special Scientific Interest (SSSI)

Vegetation structure and composition is part of Common Standards monitoring for SSSis.
Favourable condition of SSSiIs for biodiversity, is a proxy for appropriate vegetation
composition and structure for other ecosystem services. 97.7% of the NE-managed NNR
estate is designated as SSSI, with condition assigned to SSSI (sub) units. The extent of
SSSI unit condition was calculated across the NE-managed estate.

(vi) Cultural
These aspects of asset quality are important in supporting cultural ecosystem services.

Scheduled Monuments at Risk (SMaR)

The importance of the historic environment in the provision of cultural ecosystem services
was represented through the inclusion of Scheduled Monuments at Risk data. Historic
England record information on the extents of all monuments and attribute a risk level to
each, based on its sensitivity to anthropogenic and environmental pressures such as
ploughing, erosion and tree growth (HE, n.d.b). The SMaR and NNR layers were used to
derive areas of SMaR on the NE-managed NNR estate.

Tranquillity
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We used Campaign for Protection of Rural England Tranquillity data (2007a; 2007b). Factors

included in the production of the tranquillity layer include viewshed and noise scores, and
visitor density. Mean scores were generated for all NE-managed NNRs, estimating

tranquillity.

2.2 Ecosystem services and benefits

The ecosystem service categories have been based on the Common International
Classification of Ecosystem Services (CICES v. 4.3), again to ensure consistency with ONS,
and international approaches. CICES does not include supporting ecosystem services but

d e f i ecesgstem functiond a s

underpinning

t he

Ecosystem function is captured in the metrics for natural capital quantity and quality. We
have renamed a number of the CICES categories to enable better understanding for a less
technical audience. For regulating and provisioning services indicators for ecosystem
services are a measure of the flow of the services. For cultural services the flow of
ecosystem services are represented by the interactions people have with the natural
environment (practices). The categories we have considered are those where there is a
physical interaction with the environment, and those where there is an intellectual

interaction. The list of services considered are in table 4.

Table 4 Ecosystem services considered with the associated descriptions of benefits

provision

Ecosystem
service

Common name

Description of benefits

Materials from
plants, animals
& algae

Timber, hay & other materials

Materials e.g. hay, grass for
fodder, timber

Wild animals &
their outputs

Game and fish

Game, freshwater fish, marine
fish and shellfish. Includes
commercial and subsistence
fishing and hunting for food

Wild plants,
algae and their
outputs

Foraged plants

Wild berries, fruits, mushrooms,
water cress, salicornia and
seaweed for food.

Aquaculture

Cultivated fish and other products

Products from aquaculture e.g.
fish, shellfish & seaweed for food,
fertiliser, angling bait, medicines

Cultivated crops

Crops

Food from crops e.g. cereals,
vegetables, fruit

Water supply

Water supply

Plentiful water eg water for
drinking, domestic use, irrigation,
livestock, industrial use including
cooling, wildlife

Reared animals
& their outputs

Livestock

Products from animals e.g. meat,
dairy products, honey
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Water quality

Water quality

Clean water, also underpinning
e.g. water supply, sustainable
ecosystems, cultural services,
health benefits.

Air quality

Air quality

Clean air, also underpinning
health benefits and sustainable
ecosystems

Noise regulation

Noise reduction

Health benefits eg reduced
stress, hypertension, hearing
impairment;

benefits to sustainable

ecosystems through reduction in
disturbance; reduced impacts on
educational & work performance

Mass
stabilisation
and control of
erosion rates

Erosion control

Erosion control e.g. soil/land
retention, lack of transport
disruption,

protection of housing,
businesses & infrastructure,
reduced health & safety risk,
reduced flood risk

Flood
protection

Flood protection

Reduced flood risk, affecting e.g.
reduced health & safety risk,
protection of housing,
businesses & infrastructure, lack
of transport disruption

Pollination &
seed dispersal

Pollination

Pollination underpinning
cultivated crops dependent on
insect pollination e.g. field beans,
apples, plums, pears, cucumbers,
plums, strawberries, oil seed rape

Maintenance of
nursery
populations and
habitats

Thriving wildlife

Biodiversity, in of itself, and
underpinning all other services
such as recreation (including
wildlife watching), tourism,
research and education, food
from wild populations &
aguaculture, flood protection (sea
grass beds, dunes), climate
regulation

Pest & disease
control

Pest and disease control

Natural control of agricultural pest
species and diseases
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Global, regional | Climate regulation Equable climate eg reduced risk
& local climate of drought, flood & extreme
regulation weather events, lower summer
temperatures, reduced health &
safety risks, reduced flood risk,
protection of infrastructure/lack of
transport disruption

Experiential and | Recreation, tourism and Cultural wellbeing. This includes:

physical use volunteering Capabilities eg knowledge,
health, dexterity, judgement

Scientific and Scientific and educational

educational use Experiences eg tranquillity,
inspiration, escape, discovery

Aesthetic Cultural appreciation of nature

Identities eg belonging, sense of
Spiritual place, rootedness, spirituality,
sense of history

Non-use values: existence,
bequest, altruistic, option

Data sets were sought to describe the ecosystem services and benefits. Where no datasets
were found, we undertook an assessment of the significance of the service and or benefit in
relation to the NNRs under consideration using expert judgement from specialists within
Natural England. These were scored between zero and three where zero is little or no
services or benefits derived from the NNR suite (see table 5 for categories).

Table 5 Description of scores applied to the ecosystem services and benefits supplied by
the NNR suite in this study that were applied using expert judgement

Score Description

0 No provision, or a very small amount from a few sites

1 A small amount across the estate

2 A substantial amount from limited sites, or medium provision across the
broader estate

3 Large amounts across the whole estate

2.3 Natural Capital Asset values

We have been able to estimate the monetary value of benefits from five categories of
ecosystem services (Timber & Game, Livestock, Climate Regulation, Experiential and
Physical Use and Scientific and Educational Use). The methods and assumptions that
underlie these estimates are provided below. We have assessed the significance of benefits
from other categories based on expert opinion (see 3.2) and provide an integrated
assessment of the benefits from all service categories in section 3.3.
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We estimate natural capital asset values from the value of annual ecosystem service flows
as recommended by ONS (2017a), namely 100-year asset life and a declining discount rate
(3.5% up to 30 years; 3.0% for 31 to 75 years; 2.5% for 76 to 100 years). These values
assume that the value of flows remain at present levels giving a multiplier of 32.38 of annual
value (except for carbon as detailed in 2.4.2 below).

2.3.1 Value of benefits T timber, sporting rights, grazing and livestock

Timber/Forestry

The value of ecosystem service benefits from forestry is estimated based on the revenue
from timber sales as recorded in the financial accounts, this is in line with the approach
detailed in ONS (2018, p. 18). NE accounts indicate revenue from NNR timber sales
totalling £50,567.12 in 2016/17 and £61,475.18 in 2017/18. NE does not collate data on the
guantity and type of timber sold. We note that outside parties sometimes harvest/remove
timber from NNRs at zero cost/revenue as part of some NNR management regimes.

Timber sales are likely to vary from year to year so a 3-5 year rolling average is
recommended i see Saraev et al. (2017). Data on the value of timber sales in previous
years was unavailable because of change over to new accounting software. Timber value
for 2016/17 is adjusted to 2017/18 values using the producer price index (headline inflation
rate of 2.4% for the year to March 2018). We adopt an initial 2 year rolling average of
(£50,567.12 x 1.024+ £61,475.18)/2 = £56,628

Saraev et al. (2017) report 12.4 million cubic metres valued at £233 million for Welsh Forest
Resources eg £18.8 per cubic metre. Adjusting to 2017/2018 values suggests a value per
cubic metre of ~ £20/m®. Based on this value, the volume of timber sold from NNRs was
around 3000 tonnes.

Income from Sporting Rights (shooting, fishing, wildfowling and angling)

Income from sale of sporting rights for shooting, fishing, wildfowling and angling is assumed
to provide a partial proxy for the value of provisioning services provided by NNRs. We
include benefits of £28,452.11 - being NNR income from shooting, fishing, wildfowling and
angling.

Crops and Livestock

We follow ONS methods of natural capital accounting in assessing the value of provisioning
ecosystem services from farming (ONS, 2017b, p.33). We use the concept of resource rent
which is the surplus value accruing to the extractor or user of a natural capital asset,
calculated after all costs (including subsidies) and normal returns have been taken into
account. Recent analysis suggests that resource rent is typically low or negative in marginal
farming areas. We assume that NE farming activities on NNRs typically have high costs and
low returns and have a resource rent that is zero or negative after taking account of
subsidies. Note that the concept of resource rent aims to assess net benefits from
provisioning services. It does not include other ecosystem benefits from agricultural
activities; for example biodiversity and the benefits of preservation of rare breeds.

Income from cultivated crops and raising livestock on NNRs is negligible. The main
exception being Cherry Lodge Farm on Parsonage Down NNR which holds the oldest
registered herd of English Longhorn cattle and rare breeds of Shropshire sheep. We assess
resource rent from this activity as zero or negative as noted above.

We treat money paid by graziers to NE for grazing livestock on NNRS as a proxy for
resource rent. Income from grazing in 2017/18 is reported to be £281,129.14. We note that
in some cases graziers are encouraged to graze at zero rent (where management regimes
require grazing and where the market value of grazing is low).
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Single Farm Payment

NE receives income from NNRs under the single farm payment scheme. In 2017/18 NE
received £997k of income from EU Single Farm Payments for NNRs. We treat the income
from single farm payments as a transfer payment (from EU taxpayers to Natural England)
and do not include it in the accounts. Given the way in which payments are administered,
we do not assume that it reflects the value of provision of environmental goods and services.
We note that expenditure on NNRs is partly funded using this income so inclusion of the
single farm payment on the expenditure side would be double counting.

2.3.2 Gross value of carbon sequestration and storage

NNRs play a major role in carbon sequestration and storage thus reducing the expected
level of damage from future climate change. The value of these benefits have been
estimated based on the recommendations of the Department for Business, Energy &
Industrial Strategy (2018). The estimates used to inform the carbon stock calculations are
taken from the NE commi ssioned report
Car bond upphbMdheéd) that defined carbon storage relative to habitat and / or land
use based on information presented in scientific and practitioner literature. Greenhouse gas
flux is the overall cooling or warming effect caused by the uptake (sequestration) or release
respectively of the main greenhouse gases (GHGs) i carbon dioxide (CO2), methane (CH4)
and nitrous oxide (N20). The emission factors used to inform GHG flux calculations are

6Spati al

t aken

from

OAccount i

ng

for

estate in England, which used values derived from a review of scientific literature.

Based on the above methods and sources the average level of carbon storage and
sequestration across each LCM habitat class is presented in table 6 below.

Table 6 Carbon stocks and sequestration by LCM Habitat Class

Nat ur e 6accolhSoPtieir

2017) ,

Broad Habitat | LCM habitat class Area of LCM Carbon Carbon C C flux (t
habitat density by stocks (t Sequestration | CO2 eq
across NE habitat (t C / C) by habitat [ year)
NNR estate ha) (AMEC, (tCo2
(ha) unpublished) eg/halyr)
Woodlands | 1 Broadleaved - 10.71
woodland 6,961 174 1,220,592 74,553
2 Coniferous - 17.51 -
woodland 882 260 244,370 15,438
Enclosed 3 Arable and 5.39
farmland horticulture 1,582 73 104,713 8,527
4 Improved grassland - 155 -
3,926 106 425,512 6,085
Semi-natural 5 Rough grassland - 1.55 -
grassland 1,860 107 239,108 2,883
6 Neutral grassland - 155 -
355 107 37,915 551
7 Calcareous - 1.55 -
grassland 328 107 36,812 508
8 Acid grassland - 1.61 -
2,070 255 485,884 3,332
Open water, 16 Freshwater 6.86
wetlands, 1,198 - 8,220
floodplains
9 Fen, marsh and - 3.91 -
swamp 940 423 274,755 3,674
12 Bog - 1.70 -
6,430 423 2,753,774 10,931
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Mountains, 10 Heather - 3.45 -
moorlands, 2,171 264 561,799 7,491
heaths
11 Heather grassland - 3.45 -
2,768 241 678,034 9,548
13 Montane habitats - 3.45 -
3,319 409 1,357,416 11,450
14 Inland rock -
372 107 45,264 -
Marine 15 Salt water -
7,420 - -
19 Littoral rock -
1,334 107 142,597 -
20 Littoral sediment - 2.34 -
12,927 180 2,373,668 30,249
Coastal 17 Supra-littoral rock -
margins 3 107 357 -
18 Supra-littoral - 1.14 -
sediment 2,003 107 301,554 2,284
21 Saltmarsh - 4.20 -
5,522 180 1,079,773 23,193
Urban 22 Urban -
62 - -
23 Suburban -
112 - -
Total -
64,544 12,363,897 185,424
We estimate the tot al amount of carbon stored at

tonnes and annual carbon sequestration at around 185,000 tonnes per year.

The benefits of reduced emissions (in tonnes of CO; equivalent) are valued at £64/tonne
rising to £349 in 2077, as recommended by the Department for Business, Energy &
Industrial Strategy (2018). On this basis the annual benefit from carbon sequestration is
around £12 million in 2017/18, gradually increasing to £65 million in 2077, as the value of
carbon sequestration per tonne rises. We have not been able to take account of emissions
by vehicles, machinery and livestock on NNRs or from managing NNRs. After taking
account of these emissions, net benefits will be somewhat lower than the above estimates.

The natural capital asset value for carbon sequestration over the next 100 years is expected

to be around £1 billion®, assuming that NNRO6s are maintained i
conditon. | f NNR condition is al |l owaraconvesteddosothdri ne, or
land uses then substantial carbon emissions could result. For example, emission of 5% of

the carbon stored in NNRO6s wihisaddditiorsalr6@ 000t to 600, C
tonnes of CO, equivalent would cause damage with a present value around £3.5 billion over

the next one hundred years.

2.3.3 Benefits from recreational visists to NNRs

Number of recreational visits to NNRs

Our estimate of the number of recreational visits to NNRs is based on point or range
estimates provided by NNR field staff. Where point estimates were not available, staff were
asked to select the appropriate range for visitor numbers per day/year (0-9, 10-99, 100-
1000, 1000+ per day).

6 Official Carbon Price estimates are available until 2100. These assume that the carbon price slowly
declines from 2077 onwards. The asset value has been calculated assuming that this price decline
continues at a steady rate i from £304 in the 2100 to £217 in 2017.
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Estimates for NNRs where data is available, total ~ 3.5 million visits per year. We estimate
total recreational visits per year as being of the order of 5.5 million, after adjusting for the
40% of the NNR area where visitor data was unavailable. This estimate of total recreational
visits per year has a wide margin of error and makes up a large proportion of the quantified
ES benefit of NE NNRs.

Value of benefits from recreational visits
Recreational visits are valued at ~£4 per person per trip. This value is consistent with recent
estimates in ONS (2018), Sen et al. (2014) and Day and Smith (2017).

ONS (2016) recommend valuation of recreational v
approachbo, b y v based bn ah dstenate aoheemchange value of travel

costs per person. This approach is not currently feasible for NNRs since we do not have

information on the travel costs of visitors to NNRs. ONS (2018) reports 4.3 billion

recreational hours were spent in the natural environment in 2015, valued at £5.8 billion =

£1.35 per hour, assuming an average visit lengthof 3hoursit he 060 ONS exchange va
trip would be £4 per trip.

We note that values based on the net benefit (eg welfare or consumer surplus) per visit are
of a similar order of magnitude. For example estimates in the UK NEA are based on work
published by Sen et al. (2014). 2010 values updated to 2017/18 are reported below (see
table 7)’. The simple average of these values is £4.15 or £4.21 using an area weighted
approach. Welfare benefits of the same order of magnitude are obtained from the ORVal
recreation demand model (Day and Smith, 2017). For example the welfare benefits from an
estimated 314,653 visitors to Bridgewater Bay average £5.20 per visit, similar results (within
the range £2 - £6 per day are obtained for other relevant sites).

Table 7 Value per recreational visit

Value per recreational visit Sen et al
2014
2017/8 £s
Mountains & heathlands 5.90
Urban fringe 6.28
Woodlands and forests 3.91
Freshwater and floodplains 2.13
Coastal and marine 4.64
Wetlands 4.40
Grasslands 1.80

2.3.4 Volunteers

NE collates and reports data on volunteer time spent in conservation activities. This data
contributes to the indicator reported by the Joi
Action for nature: vol un(NCEROLE).INBE7/I8pd6hd conser va
volunteers put in an estimated 150,904 hours on NNRs. We assume that most of this work

was in support of the 141 NNRs reported in these accounts.

Volunteering can provide benefits to recipient organisations and their stakeholders, to wider
society and to the volunteers themselves. Volunteering in nature and outdoor activities can

7 The value for wetlands has been interpolated based on other work by the same authors.
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have many positive benefits for the participants such as improving physical health, mental
health and social connectedness. This not only provides a direct benefit to those
participating in the activity but can have flow-on benefits by reducing national health care
costs. Mental health improvements include reduced stress and anxiety and increased
positive mood, self-esteem and resilience.

The value attributed to volunteers in various types of analysis (cost benefit analysis, social
return on investment and natural capital accounts) depends very much on the question that
is being addressed. These questions may include:-

i.  What would it cost to employ paid workers with similar skills and capabilities
for the same number of hours? (Replacement Cost)

i. What would it cost to employ paid workers to carry out the same tasks
currently carried out by volunteers? (Replacement Cost)

iii. What is the opportunity cost of the volunteers eg did they reduce their hours
of paid or productive work in order to volunteer? (Opportunity Cost)

iv. ~What is the net benefit of volunteer activity eg the value of health, social,
mental and other benefits less costs such as travel, opportunity cost and
administrative costs? (Net Social Benefit)

Natural capital accounts should ideally include estimates both of the replacement/opportunity
cost and the wider benefits of volunteering, both to volunteers and to society. This would
allow estimation of the net social benefit of volunteer activity. There is widespread
agreement that net benefits are usually positive and may be substantial. It is also
reasonable to assume that the private benefits of volunteering exceed opportunity and other
private costs (otherwise people would not volunteer).

We follow Foster (2013), who concluded that replacement cost is the best available method
to value voluntary activity in the ONS household satellite accounts. Foster (2013) estimated
a replacement cost of £23.9 billion for 2.29 billion hours in 2012/13 i equivalent to an
average hourly cost of £11.69 in current values®. Clark (2017) provides a useful summary of
the value of different categories of volunteer input; £50 per day for unskilled work, £150 per
day for skilled work eg fence construction and £350 per day for professional work eg
ecological survey by an expert. However, NE does not systematically report the categories
of work undertaken by volunteers on NNRs. Accordingly we use the average value updated
from Foster (2013) to estimate a replacement cost of £1.8 million for the 150,000 hours of
work undertaken by volunteers on NE managed NNRs in 2017/18. This estimate should be

added on the cost side of t h elnadditoo,NB gtadf as a

supervise and train and coordinate volunteers i this spending is already included in the cost
estimates for NNR staff costs.

The above estimate may be an overestimate of the actual replacement cost of volunteers
since if volunteers were not available it is unlikely that NE would purchase the same quantity
of hours of paid work.

The benefits of volunteering are often large but there is no established method to quantify
these benefits. In these accounts we assume that the benefits of volunteering exceed the
costs. We follow a conservative approach and report benefit estimates as at least equal to

8 Foster (2013) estimates average value per hour £10.44, inflated to 2017/18 using ONS average weekly
earnings index (165/147.3)x10.44=11.69
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/earningsandworkinghours/datasets/av
erageweeklyearningsearn01
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replacement costs. On this basis we include a value for the benefits of volunteering of £1.8
milioniunder the category O6benefits of experiential

2.3.5 Educational visits

Environmental education can have many positive benefits, including improved environmental
awareness. The direct benefits are those received by the students, parents and teachers
visiting NNRs; while the indirect are those gained by wider society. Clark (2017, p. 26)
Provides detailed data on educational visits to five NNRs. Clark (2017) reports that per year
there were 9,222 educational visits with inputs from the NNR team and 3,601 providing their
own tuition T a total of 12,823 visits. Clark (2017) provides a detailed analysis of the
exchange value of these visits and arrives at an overall value of £42,448 equivalent to an
average of £3.31 per visit.

Based on data provided by NNR staff and Clark (2017) we estimate that there were around
37,000 educational visits across all included NNRs® in 2017/18. We do not have a
breakdown of whether visits involve educational inputs by NE staff. We adopt an average
value per educational visit based on Clark (2017) - £3.31. On this basis educational visits
can be valued at around £123,000 per annum.

2.4 Costs

Our estimate of the cost of maintenance and capital works on NE managed NNRs is based
on analysis of NE accounts carried out with the assistance of NE accounting staff. We also
include estimates of expenditure by partner organisations (provided by NE accounting staff)
and the estimated cost of replacing the volunteers who carry out NNR related work (see
2.4.4 above).

The overall payroll costs for all NE staff who carry out NNR related work includes staff who
work entirely on NNRs and other staff based on the percentage of NNR related work for
different staff categories. We include direct and indirect NNR related expenditure such as
maintenance, capital works, contractors and vehicle expenses. We also includes 6 % of NE
overheads and general expenses, this is based on the payroll costs of NNR staff as a
percentage of all NE staff.

We assume that all NNR related expenses relate to NE managed NNRs. In practice a small
percentage of this expenditure may relate to NNRs managed by approved bodies.

2.5 Uncertainty

NCA is an exercise in decision-support. It aims to gather, assess and make sense of
disparate data to allow managers to better understand their assets. It is therefore essential
that managers understand the confidence with which any findings are presented to them
(HM Government 2010, HM Treasury 2015). This is particularly important where there is a
wide range of confidence levels in the information offered, which is the case for NCA. Itis
equally important that managers understand the significance of evidence gaps. It is possible
to explicitly consider this in marginal analysis, because the analyst knows which decision is

 NNR staff estimated educat 5 totallimd 41,451l saitotbe araund 22500 Asfuming 46 NNRO
a similar rate of educational visits per hectare we estimate total visits from 134 NNRs at around 37,146.
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being taken. NCA can be used to support a large number of decisions and so the best we
can do is be clear about the evidence gaps.

Approaches to reporting uncertainty need to be proportionate and transparent. Many of the
final results of this study are qualitative judgements. Where this is the case we have
explained our confidence in the findings qualitatively. For the smaller number of quantitative
judgements we have adopted two different approaches to show likely accuracy. The first
approach relates the uncertainty behind Gl data interrogated for this report. This has been
described in the asset methodology section 2.2.

For final quantitative judgements we have developed a traffic light system (RAG) to rate
accuracy (see table 8). The methodology is set out below.

Talble 8 Description of Red Amber Green (RAG) ratings

Definition Colour

We may have used some assumptions or estimation Gr
g ] een @
but consider these figures uncontroversial.

We have used some assumptions or estimation and some of

: 3 Amber
these may be open to question. Accuracy is better than + or -50%.

We are confident that the number is in the right order of magnitude.
Order of magnitude implies that for an estimate of 5 that we are Red O
confident that the real figure is within the range 0.5 to 50.

We can't offer a number which is likely to be in the right order
of magnitude. This is due to unquantifiable uncertainty in the
science, valuation or the relationship between them. What we
do know, and our confidence, will be discussed qualitatively.

No number

We have placed the RAG rating on the final number in a calculation sequence and the RAG
rating represents our understanding of all the uncertainties up to that point. The reasons for
our judgements are set out in the results section.
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3.1 Summary of results

Table 9 Headline results

Ecosystem asset Ecosystem services

Ecosystem Significance Quantity
Natural capital asset baseline Y (1small to Indicator where
service ;
3 large) available
Asset Attribute  Indicator TIRBAE ey ang 2 saleof timber 3000t
other materials
Extent Total area (ha) 66839.7 Gameand fish :
Water supply 1
Ground water status (% good) %1
Water Framework Directive (WFD) .
Hydrology Livestock 1
Surface Water status (% good) 186
WFD ’ Water quality 1
Mean sulphur dioxide 033 Air quality 1
Nutrient/ concentration (ug m-3) ’
chemical Erosion control 1
status Mean nitrogen acid deposition 155
(kg N ha-1 year-1) ’ Flood 1
protection
Mean Estimates of Soil Organic . o
soil Ccarbon in 30cm Topsoil (% of 9.13 Pollination 1
total) from NATMAP
Thriving 3
wildlife
% of NNR (ha) under a Site of
Vegetation Special Scientific Interest (SSSI) 513 Pest and 4
which is in favourable condition disease control
5 3 Carbon
Nectar plant diversity - Climate Sequestered -
Mean Estimates of Number of o regulation 3 tonnes of COs 185,000
Nectar Plant Species for Bees equivalent
(per 2x2m plot)
Species No. of recreational 5.5
composition Soil Invertebrates Abundance - Recreation, visits million
Mean Estimates of Total tourism and 3
Abundance of Invertebrates 65.3 volunteering No. of volunteering
in Topsoil (0-8cm depth ’ 150,000
psoil P hours
soil core)
S;lentlﬁc arlrd 3 No. of ef:ll‘Jcauonal 37,000
Tranquillity (mean score) 13.8 educationa visits
Cultural Cultural
Scheduled monuments at risk appreciation 3
74.7
(ha) of nature
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Significance
Benefit (1 small to Indicator
3 large)
Timber, wood 3
and hay 2 Sale of timber
Income from grazing
Food 1
Sporting rights income

Clean and 1
plentiful water
Clean Air 1
Protection from
floods and a5
other hazards
Pollination and

1
pest control
Biodiversity 3
Equable climate B Carbon sequestered
Health 2

No. of recreational visits

Cultura'l £ No. of volunteer hours
wellbeing

No. of educational visits

Total quantified monetary benefits

Significance of unquantified benefits

Total annual costs
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Benefits and values

Annual benefit

£56,000

£281,000
|

£28,000

£12 million
I

£22 million
|

£1.8 million
| |

£123,000
|

£36 million

Very large

£14 million

Asset value

£2 million

£9 million
|

£1 million

£1 billion
I

£710 million
I

£60 million
1

£4 million
|

£1.8 billion

Confidence in

the values
(Red is low,
Amber is Medium
&Green is High)



3.2 Results in full: Assets

Outputs from quantifying natural capital within NE-managed NNRs have been aggregated
across all reserves and compiled into asset themes for presentation (including habitat extent
in addition to the six habitat quality themes outlined in section 2.2.3). These tables are
presented below.

3.2.1 Habitat Extent

Across NE-managed NNR estate, habitat data (NEA-BH) is available for 64,544 ha with the
remaining 2,295.7 ha being below the high water mark and so unclassified (table 10).
Amongst the predominant habitat types derived were Littoral sediment (12,926.8 ha),
Saltwater (7,419.5 ha) and Bog (6,430 ha) owing to a significant number of NNRs
designated in coastal regions. Broadleaved woodland (6,961.1 ha) and grassland types
constitute the most extensive terrestrial areas of habitat. Despite the presence of many
NNRs in coastal zones, Supra-littoral rock represents the smallest area of all classes,
covering only 3.3 ha. However this under-representation is attributed to classification errors
during dataset production, explained further in appendix 1 of the LCM2007 Dataset
Documentation (CEH, 2011). As can be expected in NNRs, Urban and Suburban habitat
types also represent insignificant terrestrial areas, at 62.1 ha and 111.8 ha respectively.

Table 10 The relationship between National Ecosystem Assessment (NEA) Broad Habitats
and LCM2007 classes, and hectarage values across NE-managed NNR estate

National Ecosystem LCM2007 Class Area across
Assessment Broad Habitat NE NNR
(NEA-BH) Estate (ha)
Woodlands 1 Broadleaved woodland 6,961.1
2 Coniferous woodland 881.7
Enclosed farmland 3 Arable and horticulture 1,581.9
4 Improved grassland 3,925.7
Semi-natural grassland 5 Rough grassland 1,860.1
6 Neutral grassland 355.5
7 Calcareous grassland 327.8
8 Acid grassland 2,069.7
Open water, wetlands, floodplains | 16 Freshwater 1,198.3
9 Fen, marsh and swamp 939.7
12 Bog 6,430.0
Mountains, moorlands, heaths 10 Heather 2,171.3
11 Heather grassland 2,767.6
13 Montane habitats 3,318.9
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14 Inland rock 3725
Marine 15 Salt water 7,419.5
19 Littoral rock 1,333.5
20 Littoral sediment 12,926.8
Coastal margins 17 Supra-littoral rock 3.3
18 Supra-littoral sediment 2,003.2
21 Saltmarsh 5,522.1
Urban 22 Urban 62.1
23 Suburban 111.8
TOTAL 64544.0
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Figure 3, below, is an example of our work mapping NNRs based on NEA broad habitats.

Figure 3 Classification of NNRs based on their NEA broad habitat is demonstrated below
using The Lizard and Ainsdale Sand Dunes NNRs

170000

The Lizard
NNR

20000

7 . The Lizard ",‘w —”
, . NNR& 0S4

1:100,000 @ A4

411000

410000

National Ecosystem Assessment (2010) Broad
Habitat Based on LCM2007

The Lizard and Ainsdale Sand Dunes National Nature Reserves 15/10/2018.

Map produced by Evidence Services

Map Ref NE20180424-1006-000-NEA-BH
NEA Broad Habitat

- Coastal Margins - Mountains, Moorlands & Heaths

i ©NERC (CEH) 2011
Enclosed Farmland I Semi-natural Grasslands © THAd it Hensois

- © Natural England 2018
Freshwaters Open Waters' Urban © Crown copyright and database
Wetlands and Floodplains rights 2018 Ordnance Survey

100022021

I:l Marine - Woodlands D NNR These are abbreviated copyright statements; for the full

dataset copyright statements see appendix 6.5
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3.2.2 Hydrology and Geomorphology

Following quantification of WFD river waterbody (WFD-RW) data, total length of features

coinciding with NE-managed NNRs was calculated at 256.3 km, with a mean waterbody

density value across the estate of 0.01. In terms of Overall and Ecological WFD-RW

statuses (as displayed in table 11), most stock acrossNNRsi s c¢cl assi fi ed as O6Mod
72%) For Hydrological and Morphological statuses, most stockiscate g or i s aupporiss 6 S
good® 39% and 44% respectively, wid Morphdoficalof st oc
status). Across the reserves, most groundwater bodies WFD-GW) wer e cl assified
for their Overall status (~ 76% of total groundwater area), whereas most stock were

classified as 6Gooddé f or tlhreldationtoQendwateristieant i ve st at
quality (HSQ), mean quality across NE-managed NNR estate was derived as 0.72, within a

possible data range of 0.2 and 2.1 (based on the Biological Monitoring Working Party Score

system described in section 3.2.3).

Table 11 The aggregated values for datasets applied in the hydrology and geomorphology
asset theme quantification

Stock Across
NE-Managed
NNR Estate
Kilometres
(km)
Good 47.6
Moderate 186.9
Overall Status
Poor 15.8
Bad 6.1
Water Framework Directive Good 49.7
(WFD) River Waterbody
Length by Status, and Ecological Moderate 184.7
Waterbody Density - 2016 St 9
atus
Cycle 2 Poor 15.8
(WFD-RW) Bad 6.1
High 74.6
, Supports Good 98.7
Hydrological
Status
Does Not Support 29.2
Good
No Class 53.7
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High 18.7
Morphological
Status Supports Good 1121
No Class 125.5
Total Waterbody 256 3
Length
Kilometres per
hectare
(km/ha)
Mean River
Waterbody Density 0.01
Hectares (ha)
Good 9,002.4
Overall
Status
Poor 28,336.9
WFD Groundwater Area (ha)
by Status - 2016 Cycle 2 o Good 27.560.2
Quantitative
WED-GW
( ) Status Poor 9,779.1
Total Groundwater
Body Area 37,339.3
Biological
Monitoring
Working Group
Score
; Mean Estimates of
Headwater Stream Quality Observed/Expected .
Presence of '
(HSQ) Invertebrates

Hydrology and geomorphology natural capital asset quantification is demonstrated through
presentation of the WFD river waterbodies (WFD-RW) and groundwater bodies (WFD-GW)
layers at Stodmarsh and Moor House i Upper Teesdale NNRs respectively (shown in figure

4). The 100m buffer zone applied to NNRs to facilitate analysis of river waterbodies that
coincide with reserve boundaries has been highlighted around Stodmarsh NNR. More
information on the buffer methodology applied is provided in appendix 6.7.3.
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Figure 4 Hydrology and geomorphology natural capital asset quantification

621000 622000 623000 624000 625000

WFD-RW

163000

162000

161000

530000

Moor Housé -
Upper Teesdale'
NNR. . 4

i

WFD River and Groundwater Bodies Overall
Status Classification (2016)

Stodmarsh (WFD-RW) and Moor House - Upper Teesdale (WFD-GW) National Map produced by Evidence Services
Nature Reserves 15/10/2018. Map Ref. NE20180424-1006-000-HG

WFD-RW WFD-GW

= High [ Good 100m buffer zone
s Good

& © Environment Agency 2016
Fail D NNR ©Natural England 2018
Moderate - © Crown copyright and database

rights 2018 Ordnance Survey
s Poor 100022021

——— Bad These are abbreviated copyright statements; for the full
dataset copyright statements see appendix 6.5
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3.2.3 Nutrient/Chemical Status

Following quantification of the Deposition and Concentration Values for Protected Sites in
the UK (2013-2015) data (DC), across NE-managed NNRs, the mean concentration of
nitrogen oxide was calculated at 10 micro grams per metre cubed (ug m-3); for sulphur
dioxide, a value of 0.3 pg m-3 was derived. In relation to deposition values extracted from
these data, nitrogen is calculated as having a mean deposition value across all reserves of
12.3 kg N per hectare per year (kg N ha! year?). Interrogation of the Chemical status of
WEFD river waterbodies (WFD-RW) highlighted the majority of stock (~ 97%) as having

60 Goodd Iscdomrtrasy mast WFD groundwater bodies were assigned a classification of
wi t h r e g alotal sovet o Nittate ¥llnerable Eomesi c a |
(NVZ) across NE-managed reserves was calculated at 18,117 ha, with most zones relating
to surface water vulnerability (8,912.9 ha) and the least relating to eutrophic zones (2,790.2
ha). These results are summarised in table 12 below.

6Poor 6 (~ 74%)

Table 12 The quantity of natural capital for each asset related to nutrient and chemical

status

Stock Across

(DC-AC; DC-NC; DC-SC; DC-

NE-Managed
NNR Estate
Hg/m?
Mean Ammonia
; 15
Concentration
Mean Nitrogen
Oxide 10
_ _ Concentration
Chemical Concentrations Mean Sulphur
and Deposition Values in Dioxide 0.3
Protected Sites 2013-2015 Concentration

kg N/S halyrt

30

ND; DC-SD)
Mean Nit.r.ogen 123
Deposition
Mean Sl_JI_phur a7
Deposition
Kilometres (km)
WFD River Waterbody
Length by Chemical Status - Good 248
2016 Cycle 2
Fail 8.3
(WFED-RW)
Hectares (ha)
Good 9,806.7
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WFD Groundwater Area by
Chemical Status - 2016
Cycle 2

(WED-GW)

Poor

27,532.6

Hectares (ha)

Nitrate Vulnerable Zones
2017 Area

(NVZ)

Surface water Area 8,912.9
Eutrophic Area 2,790.2
Groundwater Area 6,413.9
Total Area 18,117.0

In figure 5 below, nutrient and chemical status natural capital asset quantification is
demonstrated through presentation of the Deposition and Concentration Values for
Protected Sites in the UK (DC) mean scores using graduated symbology at national scale.
Aqualate Mere NNR is presented to exemplify the spatial configuration of Nitrate Vulnerable

Zone (NVZ) units and how these can overlap in quantification.
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Figure 5 Nutrient and chemical status natural capital asset quantification
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Nitrate Vulnerable Zones (2017)

Agualate Mere National Nature Reserve
Map produced by Evidence Services
i 15/10/2018. Map Ref: NE20180424-1006-000-NC
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3.2.4 Soil/Sediment Process

Using the NATMAP Carbon (SC) data, average organic C stock composition was calculated
at 9.1% of the topsoil (0-30cm) (shown in table 13).

Table 13 The quantity of natural capital relating to soil and sediment process

Stock Across

NE-Managed

NNR Estate

% of total
NATMAP Carbon (Soil Mean Estimates of
Organic Carbon) Organic C in 30cm 9.1

Topsoll
(SO) i

Soil and sediment process results are demonstrated through graduated symbolisation of the
mean scores derived from the NATMAP Carbon data at national scale (displayed in figure

6).
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Figure 6 Soil and sediment process natural capital asset quantification
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