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Summary

Thisis a short report of the method used to generate preliminary Natural Capital maps for Oxfordshire. The
work was undertaken underan Oxford Policy Exchange Network fellowship, funded by the University of
Oxford. This fellowship enabled aresearcherto work with Oxfordshire County Council, with support from
Cherwell District Council, developing evidence on natural capital to feed into development of the
Oxfordshire Plan to 2050.

Natural capital maps were developed using a habitat scoring system (see summary diagram below), which
isa simple and rapid method to allow spatial patternsto be identified. The method has been adapted from
work being carried out by Natural England to develop an eco-metricscoring tool forassessing netgains or
lossesin natural capital due toland use change. This workis not a detailed natural capital assessment, and
it does not produce monetary values that can be compared across different services. Itisintendedtobe a
first step that can be extended into more detailed assessmentsin future.

The land use scoring approach

1. Develop a matrix of scores from 0 to 10 for the ability of each habitat / land use type to
deliver each of the 18 services

2. Apply the scores to a habitat and land use map -> maps for each of the 18 services

3. Extra multipliers can be used to reflect habitat condition or location - e.g. agricultural
land use class (for food provision) and public access (for recreation)

Habitat and land use maps Matrix of scores for each habitat and land-use type Ecosystem service maps

The first draft of the maps were presented and discussed at a stakeholder workshopin June 2019
(Appendix 2). This provided very useful feedback which helped to refine the way the maps are presentedin
thisreport. A full report has been produced that presents all the maps. Thisisa shorterversion of that
report that describesthe method used and presents afew example maps.

Nextsteps

e Thescoring approach assumes that all habitats of the same type (e.g. semi-natural broadleaved
woodland) deliver the same level of ecosystem services. In practice, the services delivered by each
patch of habitat will depend on the condition and location of the habitat. In some cases, additional
multipliers have been applied to the generichabitat scores to take account of these factors,
includingagricultural land class, whetherthere is publicaccess forrecreation, and whetherasite is
designatedfor nature. Howeverthere is potential to expand this range of multipliers to consider
otherimportant condition factors.

e These mapsshow the potential of Oxfordshire’s land coverto supply ecosystem services. For some
services we have made some preliminary attempts at mappingthe locations wherethereisahigh
demand forthe service, in orderto identifywhere thereare gaps between supply and demand.



This could be improved and expanded to coverotherservices, helping to identify opportunities to
investin enhancing natural capital to meet the needs of peoplein Oxfordshire.

Structure of the report

The report first defines the meaning of natural capital, ecosystem services and greeninfrastructure and
then describesthe methods used to develop the natural capital scoring approach. We presentand discuss
the base map of land cover and show examples natural capital maps for nine of the 18 ecosystem services.
Finally we suggest how the maps could be used within the planning process, and list recommendations for
nextstepstoextendthe analysis.
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1 Definitions

1.1 Natural Capital and Ecosystem Services

Natural Capital is the elements of nature that directly orindirectly produce valueto people, including
ecosystems, species, freshwater, land, minerals, the airand oceans, as well as natural processes and
functions. Natural capital is a broad term that includes many different components of the livingand non -
living natural environment, as well as the processes and functions that link these components and sustain
life. (Natural Capital Committee, 2013)

In the UK, the Natural Capital Accounts produced by the Office for National Statistics include minerals and
fossil fuels (ONS, 2018), but some other definitions exclude these non-renewable resources.

If stocks of natural capital are maintainedin good condition (in terms of both quantity and quality), they
can deliverasustainable flow of ‘ecosystem services’ —services delivered by natural and managed
ecosystems, which underpin human health and wellbeing. In this work, we map Oxfordshire’s natural
capital interms of its ability to deliver 18 different ecosystem services (Figure 1, Table 1), and we also
include maps of two otheraspects of natural capital - air quality and groundwaterresources. We do not
map the supply of non-renewable natural resources (minerals and fossil fuels).
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Figure 1: Natural capital stocks deliver flows of ecosystem services that underpin human health and
wellbeing

1.2 Biodiversity

Biodiversity isatermthat describes the variety of life on earth, including the variety of speciesand the
geneticvariation within asingle species. Ecosystem service assessment only measures the directand
indirectvalue of biodiversity to people, notthe intrinsicvalue of species (theirright to exist regardless of
theirvalue to humans). However, biodiversity is an essential component of natural capital, and underpins
the sustainable delivery of ecosystem servicesin the longterm. Not only do more biodiverse ecosystems
oftendeliver betterservices, but they will usually be more resilient to future environmental change. We
have therefore mapped biodiversity as well as ecosystem services.




Table 1: Definitions of each of the 18 ecosystemservices
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Food production

Wood
production

Fish production
Water supply

Flood protection

Erosion
protection

Water quality
regulation

Carbon storage

Air quality
regulation

Coolingand
shading

Noise reduction
Pollination

Pest control

Recreation and
leisure
Aestheticvalue

Education and
knowledge
Interaction with
nature

Sense of place

Arable crops, horticulture, livestock, orchards, allotments, urban food, wild food
(e.g. gathering berries or mushrooms).

Timber, wood production for paper, woody biofuel crops, coppice wood or wood
waste used for biofuel.

Aquaculture, commercialfishing, recreational fishing (recreational fishingisalsoa
cultural service, but the habitat conditions match those for fish production).

Impact of soil and vegetation on rainwater runoff and infiltration, and thus on
groundwaterrecharge or surface waterflow.

Reduction of surface runoff, peak flow, flood extent and flood depth through canopy
interception, evapotranspiration, soil infiltration and physical slowing of water flow.
The ability of vegetation to stabilise soil against erosion and mass wastage by
protectingthe soil from the erosive power of rainfall and overland flow, trapping
sediment, and binding soil particles together with roots.

Direct uptake of pollutants by terrestrial oraquaticvegetation; interception of
overland flow and trapping/ filtration of pollutants and sediment by vegetation
before itreaches watercourses; breakdown of pollutantsinto harmless forms e.g. by
denitrifying bacteriathat convert nitratesinto nitrogen gas. Also infiltration into the
ground, allowing pollutants to be filtered out by the soil and preventing pollution of
watercourses —though pollutants could enter groundwater supplies.

Carbon storedin vegetation and soil. In the context of land use change (with complete
loss of habitats and often major soil disturbance), this is more relevant than carbon
sequestered annually. The ‘time to reach target condition’ reflects the time taken for
a new habitat to reach a typical carbon sequestration rate fora mature habitat.
Removal of air pollutants by deposition, absorption and/or breakdown by vegetation.
Fine particles (PM,s) are the most damaging type of pollution, but vegetation can also
remove ozone and nitrogen oxides (by absorptioninto pores).

Shade, shelterand cooling effect of vegetation and water, especially urban trees close
to buildings, green roofs and green walls, which can reduce heatingand cooling costs,
or treesin urban parks which can provide shade on hot days.

Attenuation of noise by vegetation.

Pollination of crops (and wild plants, supporting other ES) by wild insects (mainly bees
and hoverflies). Excludes pollination by managed honeybees.

Predation of crop or tree pests by invertebrates (e.g. beetles, spiders, wasps), birds
and bats.

Provision of green and blue spaces that can be used for any leisure activity, e.g.
walking, cycling, running, picnicking, camping, boating, playing orjust relaxing.
Provision of attractive views, beautiful surroundings, and pleasing, calming or inspiring
sights, soundsand smells of nature.

Opportunities for formal education (e.g. school trips), scientificresearch, local
knowledge and informal learning (e.g. from information boards or experiences).
Provision of opportunities for formal orinformal nature -related activities, e.g. bird
watching, botany, random encounters with wildlife, orfeeling ‘connected to nature’.
There is some overlap with biodiversity, but access by people can have negative
impacts on some wildlife habitats. Excludes recreational fishing; hunting / shooting
(not covered); the intrinsicvalue of nature (covered by the biodiversity metric);
existence value (from just knowing that nature exists).

The aspects of a place that make it special and distinctive —this could include locally
characteristicspecies, habitats, landscapes or features; places related to historicand
cultural events, or placesimportant to people for spiritual oremotional reasons.



1.3 Green and blue infrastructure

Greeninfrastructure is defined as “A network of multi-functional green space, urban and rural, whichis
capable of deliveringa wide range of environmental and qualityof life benefits for local communities”
(MHCLG, 2019). Thisincludesaverywide range of features: parks, gardens, allotments, playingfields, grass
verges, landscaping, sustainable drainage features, green roofs and walls, paths, nature reserves, hedges,
streettrees, woodlands, wetlands, watercourses, etc. Water fe atures are sometimes referred to separately
as ‘blue infrastructure’, though often ‘green infrastructure’ is used as a catch-all term for both green and
blue features.

Greeninfrastructure is a key part of natural capital, though natural capital also includesintensive farmland,
whichis not usually considered as green infrastructure (though the definitions are fuzzy). The two terms
come from different contexts and were never designed to work together. ‘Natural capital’ isusedin
economics, to show the importance of nature alongside financialand manufactured capital, while ‘green
infrastructure’ is usedin civil engineeringand urban planning, to show the role of natural infrastructure
alongside greyinfrastructure.

The natural capital maps we have developed can be used to identify high value natural capital assets, and
these can then be used to helpidentify strategic networks of green and blue infrastructure, and options for
strengthening these networks.

2 Creating the base map of natural capital assets in Oxfordshire

The starting point for our analysisis abase map of the land cover in Oxfordshire. The base map has been
derived by combininganumber of different sources.

1. Ordnance Survey MasterMap (Figure 2) — a very detailed and accurate map that shows individual
featuressuch as buildings, gardens, roads, roadside verges and water. Natural areas are mapped
eitheras ‘Agricultural land’ (paleyellowin Figure 2) or ‘Natural environment’. Natural environment
may be mapped simply as ‘General surface’ (palegreenin Figure 2), ormay include aselection of
termsto indicate whetherthe land parcel contains coniferous trees, non-coniferous trees, scrub,
rough grass and/or marsh. Where trees and shrubs are present they may also be classified as

‘scattered’.

Naturalland

Agriculturalland

. Woodland
L] Water
Manmade surface

- Building

Garden

Crown Copyrightand
database right 2019.
Ordnance Survey 100025252

Figure 2: Ordnance Survey MasterMap: area around Oxford station




2. The Phase 1 habitat and land use survey for Oxfordshire, provided under license by the Thames
Valley Environmental Records Centre (TVERC) (Figure 3). This does notinclude urban areas (except

for relatively large green areas such as urban parks), butit provides more detailed ecological
information on semi-natural grassland (acid, neutral or calcareous) and woodland (plantation or

semi-natural) and also classifies agricultural land as eitherarable orimproved grassland.

A

Arable

Improved grassland

Semi-natural grassland

Ephemeral / short perennial
. Woodland

Water

Built up areas

© Crown Copyrightand databaseright
2019. Ordnance Survey 100025252. This
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bythe Thames Valley Environmental
Records Centre (TVERC) which is copyright
to TVERCand/orits partners.

Figure 3: Phase 1 habitat and land use survey; area around Oxford station

3. Biodiversity Action Plan habitats, also provided underlicense by TVERC. These identify habitats of
additional biodiversity interest, such as floodplain grazing marsh, open mosaic habitats on

previously developed land, and wood pasture and parkland with scattered trees. Some of these

areas are mapped as lower quality habitatinthe Phase 1survey, e.g. BAP floodplain grazing marsh
may be mapped as improved grassland, and BAP open mosaichabitats may be mapped as quarries.

Figure 4: BAP habitats forthe area near Oxford station
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Designations. We combined the following habitat designations into asingle layer. Note that
Conservation Target Areas (which underpin the proposed Oxfordshire Nature Recovery Networks)
are notincluded as designations because they represent opportunities for habitat restoration
rather than signifying existing high-value habitats.

a. AONBs
National Nature Reserves
Local Nature Reserves
Road verge nature reserves
SSSls
Special Areas of Conservation (SACs) (there are no SPAs or RAMSAR sites in Oxfordshire)
Local Geological Sites
Local WildlifeSites and Proposed Local WildlifeSites
Ancient Woodland
j.  Country Parks

S @ o a0 o

k. Millennium Greens and Doorstep Greens
. Greenbeltland

m. HistoricParksand Gardens

n. World Heritage Sites (Blenheim Park)

0. Scheduledancient monuments

OS greenspace maps. These enabled identification of allotments, playing fields, playgrounds,
cemeteries and churchyards, golf courses, bowling greens, othersports facilities and school
grounds.

Publicaccess layers. We identify areas that are publically accessible using various data sources. We

first create a footpath network by merging the following datasets:

e PublicRights of Way (provided by the Environment Agency)

e Sustrans off-road cycle routes

e National Trails

e OpenStreetMap (OSM) paths, downloaded from GeoFabrik and created by extracting ‘roads’
where the attribute ‘fclass’ isinthislist: bridleway,cycleway, footway, living street, path,
pedestrian, steps, track , track_gradel, track_grade?2, track_grade3, track_grade4,
track_grade5.

e Pathsfrom the ORVal model developed by the University of Exeter (University of Exeter, 2020).

The OpenStreetMap paths and ORVal paths are useful foridentifying extra paths, including
permissive paths and urban paths, that are usedlocally butare not formal publicrights of way. The
original ORVal path network was itself derived from OpenStreetMap and used accessibility tags
provided by users toidentify which paths were accessible. However, inspection showed that this
dataset (downloaded in 2016) omitted many pathsin certain areas which had been updatedin later
versions of OSM. We therefore updated the path network toincludethe latest (August 2020)
version of OSM paths, but the accessibility tags were notavailableto usinthisversion, sothe
resulting datasetis likely toinclude private paths thatare not accessible. The recreation layer will
therefore show an optimisticview of accessibility.

For open spaces, we use:

e CROW (Countrysideand Rights of Way Act) open access land. (ORVal is supposed to use CROW
but actually many CROW areas are missing from ORVal parks).



e ORVal ‘parks’, which are derived largely from Open Street Map. The ORVal team attempted to
retain only publically accessible areas by removing areastagged as ‘private’ access, and only
retaining features with Access key null ortagged as ‘public’ ‘yes’ ‘permissive’ or ‘destination’:

o OSM ‘Parks’ - keys Landuse or Leisure tagged as ‘park’ ‘recreation ground’
‘village_green’ or ‘common’. The Orval team removed small areas (<0.4ha), school
grounds and areas taggedas ‘FC’, ‘sports club’, ‘sports centre’, ‘leisure centre’ or ‘club’.

o OSM nature reserves (‘nature’), publicgardens, ‘cemeteries’ (including churchyards
and graveyards), allotments, Playgrounds, Parking and PicnicSites.

o OSM ‘golf courses’, butremoving areas tagged as ‘nets’, ‘drivingrange’, ‘putting’,
‘crazy’, ‘adventure’ or ‘mini’.

o OSMfeaturesinwhichthe keys Natural had an entry that was not ‘water’, ‘beach’ or
‘sand’ for which access was specificallylabelled as 'public', 'yes', or '‘permissive' orhad a
name that included one of the following: recreation, common, park, heath, open
access, community, play area, play space were assumed to be publicly accessible
natural areas. Of these areas, those with OSM Natural key of ‘wood’ or ‘forest’ were
classified as ORVal type ‘wood’ and the rest as ‘nature’.

o CountryParks, NNR, LNR, Doorstep and Millennium Greens —we strip those out as we
have already included them as designations.

o FCNational Forest Estate England Recreation Routes —used to define areas enclosed by
recreational path networks.

o Woodland Trust/ Forestry Commission Woods for People —open access areas (2011
dataset). Cutinto blocks separated by trunk roads, and areas <0.4 ha removed.

e Publically accessible National Trust properties

e RSPBreserves:those in Oxfordshire are all opentovisitors

e Amenitygrassland, though we excluderailside and roadside amenity grassland. This has the
effect of excluding many grass vergesin urban areas that are actually fully accessible and have
a recreational value for people walking or running. However we do not yet have a method for
distinguishing suburban grass verges from roundabouts and motorway embankments where
clearly noaccess is possible.

o We exclude all ‘Military Areas’ as identified from OpenStreetMap.

e Rivers(running water), lakes (standing water), canals, weirs and reservoirs are set to Open
access. We investigated the possibility of restricting open access to Navigable Rivers, but the
legal position regarding thisissue is not clear.

These layers were combined together using a customised and automated set of instructions writtenin
python code. The aim was to retain the accurately mapped OS Mastermap boundaries, but splittheseto
create new shapeswhere the Phase 1, BAP habitats and Designations followed different boundaries. The
procedure was complex as sometimes these layers genuinely differed to OS Mastermap (e.g. cutting across
the middle of a field), whereas often they only differed by afew metres due tol ess accurate delineation.
Therefore it was difficult to achieve a harmonised layer that did notinclude millions of tiny slivers caused
by inaccurate boundaries. However, with the help of a visiting MSc student from Paris (Martin Bésnier) we
finally managed to develop a system of producing areasonably harmonised base map.

We then developed asetof rulesfor classifying the habitat type in each land parcel, based on the Phase 1
and OS Mastermap habitatinformation. This was complex, because sometimes the Phase 1 habitatis more
accurate than OS Mastermap (e.g. foridentifying different types of semi-natural grassland), but sometimes
OS Mastermap is more accurate (e.g. forshowingsmall patches of treesand scrubinlargerfields).



We have also compiled two otherusefullayers that can be superimposed on the base map:

7. Hedges. We have obtained a map of hedgerowsin rural areas developed by the Ordnance Survey.
This map is not designed for policy-making or spatial planning and is for research purposesonly. It
identifies hedges based on places where field boundaries coincide with elevation above ground
level (using LIDAR) and dense vegetation (using a remote sensing technique that measures a
parameter called the Normalised Difference Vegetation Index, NDVI). By kind permission of the
Ordnance Survey, we caninclude images of the hedgerow map at county level in our published
research outputs, butthe underlying dataset may not be shared.

8. Ancienttrees. We obtained a map of ancienttreesfromthe Woodland Trust’s citizen science
survey (the Ancient Tree Hunt). Thisis not comprehensive as it shows only the trees mapped by
citizens. A bettersource of tree datawould be the Bluesky Mapshop National Tree Map, but thisis
expensive. This does not distinguish ancient trees from othertrees, butitwouldinclude all the
thousands of treesin urban areas as well asisolated field and hedgerowtrees thatare not currently
included onthe map. Exceptional trees are also listed at https://www.monumentaltrees.com.

The final base map forthe Oxford station areaisshownin Figure 5, including hedgerows and ancienttrees
(onlyone ancienttree ismappedinthisarea, onthe road runningeast-westinthe lower half of the map).
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© Crown Copyrightand database right 2019. Ordnance Survey 100025252. This mapincorporates biodiversity data supplied

bythe Thames Valley Environmental Records Centre (TVERC) which is copyright to TVERCand/orits partners.Ancient tree
data isfromthe Woodland Trust.
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Figure 5: Complete base map for the Oxford station area, including hedges and ancient trees

3 Summary of habitats and land use in Oxfordshire

The habitat map for the whole countyis shownin Figure 6, excluding hedgerows forclarity. The
predominantland coverisarable (yellow) and improved grassland (palegreen), but patches of semi-natural
grassland (bright green) can be seen on the floodplains west of Oxford. Woodland is shown in dark green:
the Chilterns beech woods are visiblein the south-east, as well as the large woodlands north-west of
Oxford at Wytham Woods, Blenheim Park and Wychwood.

Wood pasture and parkland with scattered trees


https://www.monumentaltrees.com/

© Crown Copyright and database rght 2021. Ordnance Survey 100026252
This map incorporates biodiversity data provided by the Thames Valley Ervvironmental Records Centro
(TVERC) which is copyright to TVERC and its partners,

Figure 6: Base map of land cover in Oxfordshire

The splitbetween broad habitat typesisshowninTable 2and Figure 7. This shows that 70% of Oxfordshire
isintensive farmland, of which almost two thirdsisarable and one third improved grassland. Another 13%
isurban, of which almost half (6%) is sealed surfaces (buildings, roads and car-parks) and the restis
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domesticgardens (4%) and urban green space (3%). Of the remaining 16%, 1.3% is conifer plantation,
leavingless than 15% of Oxfordshire for semi-natural habitats. Thisis composed of broadleaved, mixed and
unknown woodland (7.7%), grassland (3.7%) and around 1% each of water, scrub, and wood pasture and
parkland with scattered trees. Oxfordshire is just 0.1% wetland, and 0.002% heathland. Most of the 3.7%
semi-natural grassland is semi-improved neutral grassland, with just 0.4% of Oxfordshire being calcareous
grassland, and 0.014% acid grassland.

Manmade, 5.6%

Water, 1.2%

Parkland & Green space
other, 3.3% & gardens,

Semi-natural
grassland, 3.7%

Semi-natural

woodland, 2.6% \

d, 6.4%

Arable, 42.9%

Improved grassland,
26.8%

Figure 7: Land cover in Oxfordshire

In addition, the OS dataset maps 9,564 km of hedgerows alongfield boundaries in Oxfordshire, plus 7,407
km of lineartree or woodland features, making 16,971 km of hedges and linear woodland featuresin total.

The Woodland Trust lists 2251 ancient treesinits database for Oxfordshire, of which the most common
species are oak (905), beech (373) and ash (155). As thisiscitizen science datait will notinclude all trees.
Those mapped are concentrated in Blenheim Park, Shotover Woods, Wytham Woods, Radley Park, Buscot
Park, Ashdown Park, Steeple Barton and the Chilterns. However there will undoubtedly be many more. A
small numberof treesare also listed at the global Monumental Trees citizen science website. Theseare
trees with exceptional girth, heightorage. There were 30 trees listed in Oxfordshire in February 2020. Their
locations can only be downloaded individually so we do not show them on these maps, and they probably
overlaptoa large extent withthe ancienttrees. There are three trees with girth over 10 metres: a Cedar of
Lebanon at Brightwell park, and two Oaks at Blenheim park. A further 10 trees have girth over 5 metres,
including several in the grounds of Oxford colleges. The tallest tree is a45m Douglas Fir at Warburg BBOWT
Nature Reserve, 103 years old and still growing at 30cm peryear.
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https://www.monumentaltrees.com/en/gbr/england/oxfordshire/

Table 2: Habitats and land-use coverin Oxfordshire based on the integrated land-cover map

Habitat ha % of total
Arable and horticulture 111,716 43%
Improved grassland 69,782 27%
Total intensive farmland 181,498 70%

Wood pasture and parkland and scattered trees 3,183 1.2%
Scrub 1,545 0.6%
Heath 6 0.0%
Semi-natural grassland 9,681 3.7%
Wetland 3,345 1.3%
Open mosaic habitats on previously developed land 267 0.1%
Total non-woodland semi-natural habitats 18,026 6.9%

Rivers and streams 1,167 0.4%
Lakes, resenwirs and ponds 1,646 0.6%
Canals, drains, fountains 277 0.1%
Standing water (lakes, canals, reserwirs) 1,735 0.7%
Running water (rivers, streams, drains) 1,354 0.5%
Water 3,090 1.2%
Buildings 3,882 1.5%
Road 3,914 1.5%
Sealed surface, bridge, manmade path 4,804 1.8%
Buildings, roads, sealed surfaces 12,600 4.8%
Manmade unsealed surface (rail, quarry, track, felled woodland) 1,979 0.8%
Unknown (usually building sites) 135 0.1%
Total buildings and manmade surfaces 14,714 5.6%
Gardens 10,479 4.0%
Amenity grassland 8,807 3.4%
Allotments 241 0.1%
Cemeteries and churchyards 121 0.0%
Total gardens and urban green space 19,647 7.5%
Total urban (buildings, manmade and green space) 34,361 13.2%
Total 260,593 100%




Ancient trees (Woodland Trust citizen science data)
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Figure 8: Ancient tree data from the Woodland Trust

4 The scoring approach

The natural capital maps are based ona matrix of scores (from 0 to 10) forthe ability of different habitats
to deliverecosystem services. The matrix of scores has been developed overseveral years, drawing on the
following sources:

e aliterature reviewof 780 papers (Smith etal 2017);

e acomparison exercise with similar scoring systems and other evidence sources, as part of the
development of the Environmental Benefits from Nature (EBN) Tool for Natural England (previously
known as the Eco-metric) forassessingthe net gains orlosses in natural capital that are associated
with biodiversity netgain (Smith etal., 2019)%;

e aseriesof expertreview consultations as part of the eco-metricproject (Smith etal., 2019).

A technical report details the rationale forall the scores, and this will be published by Natural Englandin
due course (the draft report is available onrequest). For carbon storage and air quality regulation, the
scores are directly proportional to biophysical evidence (carbon stored in soils and vegetation, and
estimates of the health benefits of air pollution removal by vegetation in the UK Natural Capital Accounts).

1 See https://ecosystemsknowledge.net/environmental-benefits-from-nature for more information onthe EBN Tool.
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Howeverthe otherscores are indicative rankings of different habitats based on best available evidence.
Scoresfor the cultural services are quite subjective, as they are highly dependent on personal views.
However, although some of the scores need further refinement, they are about as robust as this type of
scoring system can be.

The scoring matrix isshown in Appendix 1. Woodland habitats tend to have high scores forthe regulating
and cultural services, becausetrees are highly effective for storing carbon, intercepting rainwaterand
stabilising soil as well as being attractive locations for recreation. Semi-natural grasslands also score highly
for cultural services but lessforservices such as carbon storage and flood protection. Farmland has a
maximum score of 10 for food production, buttends to have low scores for most of the otherservices (with
the exception of water provision viagroundwaterrecharge). However certain elements of farmed
landscapes (hedges, field margins, woodlands, paths) do have higherscores forregulating and/or cultural
services. The matrix alsoincludes scores for watercourses, wetlands and urban greeninfrastructure.

5 Multipliers for habitat quality, condition and location

For some services, we have applied multipliers tothe basicscores from the matrix, to take account of
additional factors thatinfluence the supply of the service, such as habitat quality, condition or spatial
location (Figure 9). The multipliers are based onthose developed for Natural England’s EBN Tool. The EBN
Tool includes 46 multipliers, butitis not possible to apply all of these at the scale of a whole county, partly
because the data is not available (e.g. ontree size), and partly because it would make the analysis too
complex. We have thereforeselected afew key multipliers that can be applied at county scale:

e Forfood provision, we have applied a multiplier that takes account of the agricultural land class
(i.e.the quality of the farmland);

e Forrecreation, we apply amultiplierbased onthe degree of publicaccess (open access, restricted
access or noaccess);

e Foraestheticvalue, we apply amultiplier of 1.1if the areais withinan AONB;

e Foreducation, interaction with nature and ‘sense of place’,we apply amultiplierif the areais
designated fornature, based on how many designations apply;

e Forfish provision, we plantoapply amultiplierbased on the overall ecologicaland chemical
quality of waterbodies (notyetimplemented).

Details of the multipliers are in the sections foreach ecosystem service.

There are various other multipliers that could be applied to reflect the impact of habitat condition, quality
or location onthe delivery of each service, and we discuss these in the final section on recommendations
for future work.
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Figure 9: Spatial location with respect to the demand forthe service is critical for certain ecosystem
services, e.g. habitats must be between a pollution source and a watercourse in order to provide a water
quality regulation service; upstream of a flood zone to provide flood protection; or between a pollution
source and a place where people live or work to provide air quality regulation.

6 Examples of natural capital maps

We map ecosystem services by matching the ecosystem service scoresin the matrix to the base map of
land use in Oxfordshire.

The maps reflect the ability of the land to supply ecosystem services, i.e. they do not account forthe
demandforthose services from people, such as how many people live close to agreen space that can be
usedforrecreation. Inthe final section we discuss the potential to extend the analysis to considerthe
balance between supply and demand.

The maps for the 18 ecosystem services are shown in the following sections, starting with the provisioning
services, thenthe regulating and cultural services, and finally a map of the biodiversity thatunderpinsall
these services.

In these maps, the scores for each ecosystem serviceare shownona scale of 1 to 10, splitinto broad
bands, with the higherscoringareas shownin darkershades of green. For clarity, areas with very low
scores (lessthan 1 out of 10) are omitted (i.e. white), although all areas scoring above zero will be providing
some servicesata low level.

For each map, we provide a brief description of the main features reflected in the map, with anindication
of any limitations of the underlying data or the scoring system and how these could be overcome infuture.
We also considerthe implications of the map in terms of future land use policy in Oxfordshire.

Hedgerows have been omitted fromthe maps of the whole county, because the dense hedgerow network
would mask the otherfeaturesin the map. However, the hedgerow networkis avitally important natural
capital assetin Oxfordshire. We therefore show hedgerows and ancienttrees on largerscale maps of
selected areas, for certain services.
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6.1 Food provision

The service of food productionis provided mainly by cropland and grazing pasture. Arable fields,
horticulture, improved (fertilised) grassland and intensive orchards all score 10 out of 10 for this service.
Allotments score 7, semi-natural (rough) grassland scores 6, wood pasture and traditional orchards score 5,
marshy grassland scores 4, and very rough grazing (bogor heath), domesticgardens and wild food sources
such as woodlands and hedgerows (for gathering berries ormushrooms) all score 1. The basic map for food
productionisshownin Figure 10.

Food provision

’

cores Figure 10: Ability of

ﬁ A Oto 1 \ habitats in Oxfordshire
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© Crown Copyright and database right 2019. Ocdnance Survey 100025262

Anceent tree Cats is provided by the Woodland Trust

This map incorporates Diodiversaty data provided Dy the Thames Valley Enviconmental Recorgs Centre
(TVERC) which is copyright to TVERC and its partners.

We have applied amultiplierto adjust these basicscores, based on Agricultural Land Class (ALC). This
classifieslandinto grades 1 (best) to 5 (worst) forthe whole of England. Grade 1 land is highly productive
and alsoversatile, sothat many types of crop can be grown. Grade 5 land is typically bog or moorland
suitable only forextensive grazing. The ‘average’ grade is 3b. The ALC map of Oxfordshireis shownin Figure
11.

This multiplieris applied only to habitats where itis thought that the ALC could make a significant
difference tothe amount of food produced, i.e. arable fields, horticulture, and improved grassland. We may
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alsoinclude intensive orchards in subsequent updates. Lower scoring habitats that could be used forrough
grazing (e.g. semi-natural grassland)are notincluded. Itis not appropriate to apply a low multiplierto these
habitats, as their low productivity is accounted for when setting the basicscores. Similarly, itis unlikely that
they could produce more food even if they were withinan areawith a high ALC, because of the nature of
the habitat.

Figure 11: Agricultural Land

Agricultural Land Class (accounts for slope, soil, climate, drainage) Class in Oxfordshire

ALC Grades

$ 12 4 ¢ 8 -
LS8 B S
- Grade 1 (Dest and most versatie)
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- Grade 5 (rough grazing only)

Rationale for the multipliervalues. The multipliers are based on a rough estimate of the difference in
productivity between alternative grades. Grade 3b is assigned a multiplier of 1 (i.e. no change from the
basicscore), as it represents atypical value for England. We assume that grade 1 land could typically
produce 12 tonnes per ha of wheatunder ‘good but not outstanding’ management, and Grade 3b could
produce the UK average of 6 tonnes perha of wheat, whereas Grade 5 land (rough grazing) might produce
only around 3 tonnes per ha of dry matter. An additional (arbitrary) multiplieris applied to Grades 1, 2 and
3a to reflect theiradditional benefits in terms of versatility, as well asthe link to yield.
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Table 3. ALC multipliers forthe service of food production

ALC Potential Multiplier | Normalised | Versatility | Multiplier Normalised
grade yield (t/ha) | basedon multiplier | adjustedfor | multipliers
of wheator | yieldonly (arbitrary) | versatility
dry matter
Grade 1 12 2.00 1.00 1.2 2.40 1.00
Grade 2 10 1.67 0.83 1.1 1.83 0.76
Grade 3a 8 1.33 0.67 1.05 1.40 0.58
Grade 3 7 1.17 0.58 1 1.17 0.49
Grade 3b 6 1.00 0.50 1 1.00 0.42
Grade 4 5 0.83 0.42 1 0.83 0.35
Grade 5 3 0.50 0.25 1 0.50 0.21

The map of food provision adjusted for ALCis shown in Figure 12. This shows that the highestfood
provision serviceis concentrated inthe north of the county and also in several broad strips running east-
west to the north of the Ridgeway. Thisis driven mainly by soil type and drainage: the high-scoring areas
are Grade 2 ALC, composed of free-draining silty soils. Elsewhere in the county, productivity is often limited
by poordrainage in the heavy clay soils. Nevertheless, food provisionis stillaveryimportant service
throughout Oxfordshire, with most of the county being classed as ALC grade 3 or above, and lower quality
grade 4 and 5 land occurringonly in narrow strips alongrivervalleys wheredrainage and/or gradient limit
production.
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6.2 Water supply

Ecosystems enable freshwater supply by providing surface waterfordirect abstraction, and by enabling
rainwatertoinfiltrate into the ground and recharge groundwater or (indirectly) surface water supplies.

Freshwaterscoresthe maximum 10for water supply, as water can be abstracted directly from surface
water. We do not currently distinguish between water bodies that flow into reservoirs and other surface
waterbodies.

In Oxfordshire, much of our water supply comes from groundwater. We therefore allocate higherscoresto
types of land cover that permit groundwater recharge. Any permeable surface will either allow
groundwater recharge or (if there is no connection to a groundwater body) willallow rainwater to infiltrate
into the ground where it can then slowly recharge local surface water supplies via horizontal sub -surface
flow. Bogs and wetlands are particularly good at storing water, and therefore also score 10.
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Semi-natural grassland is expected to have a good soil structure allowing infiltration and groundwater
recharge, soscores 9. More compacted grassland such as improved grass and amenity grass scores 7, as
some rainwater will run off into drains and straight out to the river network ratherthaninfiltrating. Arable
land also scores 7, though in reality some crops are water-hungry and also many fields are under-drained,
sendingany rainwater straight out to the river network, so this score should probably be lowerinthose
cases.

Treestendto interceptrainwaterand it can then be lost through evapo-transpiration. Coniferous
plantations are often water-hungry, and so these score 1. However, broadleaved woodland loses its leaves
inwinterwhen rainfall is highest, and also tends to improve soil structure and infiltration. It therefore
scores 3, and scrub (which usesless water) scores 4.

Sealed surfaces score zero, although if they are connected to asustainable drainage system (SuDS), e.g.
leadingtoa retention ordetention basin, they may playarole inrecharge. We do not yet take thisinto
account inthe scoring system but this could be doneinfuture.

The map of scores for freshwatersupply isshownin Figure 13. Most of the county scores medium-high,
with higherscoresalongthe river network, lower scoresforwoodland, and zero scoresin built-up areas.
Thisemphasisesthe role that both farmland and semi-natural grassland play in enabling groundwater
recharge. However, as noted above, itis possible that the high score for arable land may be an
overestimate.

Water scarcity is a majorissue in Oxfordshire. The Thames catchmentis undersevere water stress, asitis
one of the driestareasin the country with the highest population density and per-capita water use. The
waterabstraction strategies forthe four Oxfordshire catchments (Thames; Cotswolds; Kennetand Vale of
White Horse; Cherwell, Thame and Wye) state that the initial waterresource assessment showed no
further waterwas available forabstraction, although bespoke strategies have been devised that allow
restricted abstraction at certain times of year (Environment Agency, 2014; 2019a-c). Ongoinglosses of
farmland for development, and expected increases in drought severity due to climate change, could further
reduce the degree of groundwater recharge.
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6.3 Carbon storage

Scores for carbon storage are based on average valuesforthe carbon storedin vegetation and the top 30
cm of soil indifferent UK habitats (Cantarello et al. 2013), normalised to ascale of 0-10. Semi-natural
broadleaved woodland scores 10, conifer plantations score 8, dense scrub scores 7 and semi-natural
grassland scores 4, with improved grassland scoring 3and arable land 2. A multiplier of 2.0 would be
appliedforactively forming peat but there isno peat mappedin Oxfordshire. As most topsoilis completely
removed during development, and no further sequestration can take place once soils are sealed, sealed
surfaces score zero.

The map (Figure 14) shows generally low provision of carbon storage in Oxfordshire, except forthe
woodlands of the Chilterns, Wychwood, Wytham Woods etc. Note that this map does not incorporate
detailed dataon carbon storage in soils. Ideally, we would incorporate estimates of soil carbon storage
based on soil thickness and percentage carbon, but this data is expensive to purchase from the National
Soil Resource Inventory. Therefore ourscores only reflect typical soil carbon storage values for different
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habitattypes, accounting forthe top 30cm of soil only. In particular, this will undervaluethe carbon-rich

soils of the Otmoorwetland area.
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(TVERC) which s copyright 1o TVERC and its partners

6.4 Air quality regulation (by vegetation)

Figure 14:
Carbon storage
by soil and
vegetationin
Oxfordshire

Treesand othervegetation can help to capture air pollution, especially by trapping fine particles. Althou gh
thisis no substitute for cutting pollution at source by reducing emissions, adense barrier of trees or shrubs
can helpto protect people from pollution to some extent. As some types of pollution can drifta long way
fromroads, treesanywhere in the country can play a role in removing pollution. However the amount

removed depends on many factors such as location, wind direction, weather, and type of pollution. Certain
species of tree can also produce volatile organiccompounds that react with trafficpollution to form
ground-level ozonein sunny weather, potentially contributing to pollution, and corridors of tall trees along

busy roads can sometimes trap pollution beneath the canopy.
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For air quality regulation, scores are proportionalto the amount of air pollution removed by each habitat,
based on a modelling study carried out forthe UK Natural Capital Accounts (Jonesetal. 2017). Coniferous
woodland scores maximum points (10), and deciduous woodland scores 6 because leaves are lostin winter.
Hedgerows were allocated ascore of 8 because they can form good barriers alongside roads —though this
dependsonthe structure of the hedge. Other habitats score 1 if vegetated (heath, grass, marsh) and zero if

unvegetated (hard surfaces, bare soil).

Air quality regulation by vegetation

Scores
Dto1

> 251105

012 8- 10

Mies ,

1.01 to 2.5\

501t07.5
g 7.511t0 10

© Crown Copyright and database rght 2019, Ordnance Survey 100025252

Ancent tree cata is provided by the Woodland Trust

This map incorporates blodiversity data provided by the Thames Valiey Ervironmental Records Centre
(TVERC) which is copyright %0 TVERC and its pariners

Figure 15: Ability of
habitatsin
Oxfordshireto
regulate air quality

The air quality
regulation potential
of habitatsin
Oxfordshire isshown
in Figure 15, withthe
high scoring areas
being Oxfordshire’s
woodlands. Note
that hedgesare not
shownonthe large
scale map, for clarity,
and we do not
currently have access
to data on urban
trees(orurban
hedges), which
would alsoplaya
significantrole.

The scoring approach indicates the potential supply of ecosystem services but notthe demand forthose
services, and for many services thisis partly dependent onlocation (seeSection 5). Forair quality
regulation, the demandis greatest where pollutionis highestand where larger numbers of pe ople live.
Figure 16 shows how the existingwoodland areas overlap with the areas with high levels of fine particle
(PM2.5) pollution, shown in brown, and areas of high population density, shown in blue hatching. This
revealsalack of woodlandinthe areas of highest demand —although, as noted above, street trees and

hedges are notincludedinthis map.
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6.5 Pollination

In the UK, pollination of cropsis partly carried out by managed hives of non-native honeybees, but wild
pollinators also play animportantrole and help toimprove the resilience of the pollination service. Wild
pollinators are also critical for pollinating wild flowers, which are an integral part of the ecosystems that
underpin all ecosystem services.

Crop pollinationis mainly provided by afew species of common bumblebees and solitary bees, while
pollination of wild flowers is carried out by several hundred species of wild bee, hoverfly, be etle, wasp,
butterfly and moth. Both crop pollinators and wild flower pollinators require food (flower-rich habitats)and
nestingsites such as dead hollow stems, tree cavities, flaking bark or dry earth (forground-nesting bees).
Many types of semi-natural habitat (woodland, grassland, shrubland, wetland, brownfield sites) can provide
these resources, as well as some urban habitats (parks, gardens, green and brown roofs), but some species
have specificrequirements. Structurally complex vegetation such as tall grasses and ‘weeds’, dead leaves,
scrub, hedgerows, old trees and dead wood are particularly important for nesting and hibernation sites.
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Pollinatinginsects often require more than one habitat during theirlifecycle, e.g. woodland for nestingand
flower-rich grassland forfeeding, so landscape diversity isimportant.

The map of the ability of habitatsin Oxfordshire to support pollinators ( Figure 17) highlights woodland,
scrubland and semi-natural grasslands and also shows ancient trees (important as nesting sites). The larger
scale inset also shows hedges, which are important habitats for pollinators. Howeverthe map alsorevealsa
general lack of good habitats to support pollinators, with the remaining semi-natural grassland areas being
small and fragmented, and a scarcity of calcareous grassland and heathland in particular.

Figure 17: Ability of
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6.6 Recreation

Accessible land provides opportunities for sport and otherrecreational activities such as walking, cycling,
running, picnicking, camping, boating, playing orjustrelaxing. There is considerable literature evidence that
exercise in green space has additional benefits for health and wellbeing compared to exercise in manmade
settings.

Any habitats that are accessible could deliverarecreational ecosystem service, including urban green space
and the wider countryside, as well as lakes, rivers and canals for boating. Allotments and sports facilities
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have a high value though these are not necessarily opentoall. Accessibilityis critical, butthereisa
difference betweenrestricted access e.g. a path through farmland, and unlimited access, e.g. open
parkland.

The scores inthe matrix reflect the ‘usability’ of different types of habitat and land use for recreation, and
we then applya multipliertoreflectthe degree of publicaccess. Habitats such as amenity grassland, which
can be usedfora wide variety of recreational activities such as walking, picnicking or playing games, score
the maximum 10 points. Habitats which are less usable for some activities, such as marshy land or dense
scrub, have lowerscores, and those which are normally not usable forrecreation, such as arable fields,
have the lowest scores.

For paths, the ecosystem service of recreationis delivered notfrom the pathitself (which could even be a
sealed surface which scores zero) but from the way in which the path enablesthe usertoexperience a
greenspace setting. We therefore assumethat the service of recreationin green space is delivered by the
area withina50m bufferzone on each side of the path. Thisis consistent with the South and Vale GI
strategy, which considers that paths provide access to natural green space if they have a 50m bufferof non-
urban land. Habitats within this 50m bufferreceive a ‘publicaccess’ multiplier of 0.75, reflecting that
although they are not actually accessible to the path user, they contribute to the experience of recreation
ingreenspace.

The multiplierfor publicaccessis allocated as follows:

e Openaccess ‘go anywhere’ land such as parks, publicly accessible woods or common land (CROW)
has a multiplier of 1. This isidentified from the CROW dataset, National Trust properties marked as
‘openaccess’, the OrVal parks dataset (whichinturnis derived largely from Open Street Map,
taking account of usertags which identify the degree of publicaccess) and OS green space maps.

e 0.9 forschools, which are accessible only to pupils and only during school hours but are
nevertheless very important and heavily used for recreation by schoolchildren. School grounds are
identified from OS green space maps.

e (.75 for the zone 50m each side of paths (see above). ‘Paths’ includes publicrights of way,
SUSTRANS routes and additional paths fromthe OrVAL ‘paths’ dataset, which is derived from Open
Street Map (usingaccessibility tags) and includes permissive paths and urban paths.

e (.75 for semi-restricted access (areas restricted to clubs ormembers but where accessis not
expensive orexclusive, e.g. allotments, bowling greens, National Trust properties marked as
‘restricted access’).

e 0.5 forrestricted access (e.g. golf courses, where membership is expensive)

e 0.25 for private gardens (very usefulto residents but notanyone else).

Some data is still missing from our publicaccess map, Earth Trust (Wittenham Clumps)and Oxford
Preservation Trust areas. Many SSSls, Ancient Woods and Local Wildlife Sites are not shown as accessible
accordingto the datasets above, but more accurate information may be available from District Councils and
wildlife groups.

We considered using the Environment Agency ‘navigable rivers’ dataset to identify which rivers are
available forrecreationaluse, e.g. forfishing, swimming or boating. However, furtherinvestigation
revealedthatthere are complexissues surrounding the right to use waterways forrecreation, with
‘navigability’ not necessarily beinga pre-requisitefor recreational use. Therefore we currently map all
waterways as having the potential forrecreational use.

Figure 18 showsthe publicaccess map. This still needs further refinement—for example, Blenheim Parkiis
mapped as being open access whereas it should be semi-restricted access as there isa charge forentry
(unless keepingtothe publicfootpaths). Figure 19shows the recreation scores for different habitats
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adjusted by the access multipliers. The maps show an excellent network of rural footpaths, especiallyin the
Chiltern woodlands. This network undoubtedly provides animportant recreational asset. There are some
largerareas including Blenheim Park, Wytham Woods, Port Meadow and Wychwood, and zoominginto a
large scale shows the many urban green spaces and parks (Figure 20), but there is a general lack of large
open-access areas forrecreation.

‘ - Figure 18: Public access
Public accessibility in Oxfordshire
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Our analysis does not take account of how close green spaces are to the areas where people live. This could
be consideredinfuture work. The Index of Multiple Deprivation could be used to help identify where
accessible green space forrecreation is most needed.

Future work could investigate the potential to combine nature recovery networks with strategic networks
of greeninfrastructure including footpaths and cycle paths that enable travel between major towns. These
can play a majorrole in offeringalternativesto car use for commuting and leisure activities, which will be
vital forreducing carbon emissions, air pollution, trafficnoiseand congestion.

27



Figure 19:

Recreation Opportunities for
M .‘;;“m, recreation in green
and blue spaces,
0to 1.0 based on habitat
1011025 B type and public
2511050 2 accessibility

5011075
7.51 10 10.0

0

— - - 4 o /

© Crown Copyright and database nght 2019, Ordnance Survey 100025252

Anciont tree data is provided by the Woodland Trust

This map incorporates biodiversity data provided by the Thames Valiey Emvironmental Records Centre
(TVERC) which s copynght 1o TVERC and s paniners

\ ——
__..‘_"‘_/_, ~—

28



Recreation
W’ hy " L= e g T 4
R AN ‘\."' S\ \ A ﬁlocmuonl (with OCO.“IMWH
\ » o i Z«o
N ‘\5 \- 0101.0
) j - 1011025

—— = Y | 2511050
- 7 N 5011075

9 \
,l 1 \ , \ - 75

110 10.0
™ /

1

~

'M--,

o

© Crown Copyright and catabase right 2019, Ovdnance Survey 100025252

Ancient tree data is provided by the Woodiand Trust.

This map incorporates bicdiversty data provded by the Thames Valley Envircnmental Records Centre
(TVERC) which & copyright % TVERC and its panners

Figure 20: Recreational ecosystem services in Oxford, showing detail of urban green spaces

6.7 Interaction with nature

‘Interaction with nature’ includes formal orinformal activities such as birdwatching or plant-spotting,
random encounters with wildlife, and a general feeling of being ‘connected to nature’, all of which have
benefitsforhealthand wellbeing.

This service can be deliveredin any habitat where wildlife and nature can be encountered, including urban
greenspaces. More abundantand diverse wildlifeis likely to be found in natural or semi-natural areas
and/orin protected areas, but domesticgardens often have more wildlife than surrounding areas if the
regionisintensively farmed. While areas with high biodiversity can be good places for people tointeract
with nature, there can also be conflicts such as when dogs disturb nesting birds or hunt small mammals.
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We assign higherscores tothe most distinctive semi-natural habitats, such as semi-natural broad-leaved
woodland, hedgerows, semi-natural grassland, freshwaterand wetlands, and lower scores to habitats with
less biodiversity interest. We also apply a multiplier forareas with nature designations, including:

e Local and National Nature Reserves, and Special Areas of Conservation
e Local wildlife sites (including proposed sites), Road verge nature reserves
e SSSIsand Ancientwoodlands

The multiplieris 1.1 if one of these designationsapplies, 1.15if two apply and 1.2 if three or more apply.

We alsoshow the river network, national trails and cycle routes as a separate layer, to highlight the value
of these features forallowing people to access nature. The full path networkis not shown at county scale,
for clarity, and neitherare hedges, but these features are shown in more detail inthe inset.

Proximity to populationisimportant, but more remote ‘wilderness’ areas can also be very valuable for
high-quality interaction with nature. Also, the wider countryside beyond accessible areasisimportant for
maintaining populations of species that can then be seenin accessible areas such as gardens. Therefore we
do not account for accessibility in this map.

The map (Figure 21) highlights the value of the woodlands, rivervalleys and semi-natural grasslandsin
Oxfordshire, as well as urban green spaces. Large high value areas stand out at Otmoor RSPBreserve,
Wychwood, Wytham woods, Port Meadow and Blenheim Park. Although high value areas are relatively
fragmented, there are strong networks along the rivervalleys and many clusters of good habitatin the
Chiltern woodlands. However, many parts of the county appearto be poorly served, due tothe lack of
semi-natural habitats. Itis likely that there will be many small local spaces that contribute to this service,
which do not appearobvious onthe county-scale map.
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6.8 Sense of place

Thisservice is hard to measure but veryimportant. It covers the aspects of a place that make it special and
distinctive —this could include locally characteristicspecies, habitats, landscapes or features (such as dry
stone walls or hedges), or places related to historicand cultural events or people, orjust places thatare
importantto individuals for personal reasons. Any habitat could be important for sense of place, and ideally
these placesshould be identified by the peoplewho use the area. However, inthe absence of detailed
survey information we assign higher scores to locally distinctive habitats, and those that supportlocal
species, and lowerscores to ‘bland’ habitats such as amenity green space and intensivefarmland thatis not
locally distinctive.

We also apply a multiplier forareas with nature or cultural designations. These include nature designations
(Local and National Nature Reserves, Special Areas of Conservation, Local wildlife sites and proposed LWS,
Road verge nature reserves, SSSIs and Ancient woodlands) as well as cultural designations including Local
geological sites, Millennium and Doorstep Greens, Country parks, AONBs, the Green Belt (important for
preserving the distinctiveness of villages from the nearby urban areas), Scheduled Ancient Monuments,
Historic Parks and Gardens and World Heritage Sites. We also have a layer of data on historical and
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archaeological interest (e.g. field enclosures from different periods) butthis has notyetbeenintegrated
into the scores. Figure 22 shows the number of designations applying to each area: the maximum applying

to any one areaisfive.

Number of designations 2
1 '\
2 ol
4 ,
. 5

Figure 22:
Number of
nature or
cultural
designations

The Sense of Place map (Figure 23) highlights semi-natural habitats such as woodlands, semi-natural
grassland andrivers. As for the other cultural and regulating services, these are inrelatively short supplyin
Oxfordshire due to the dominance of intensive farmland and urban areas, but the high value areas along

rivervalleysandinlarge parks and woodlands stand out on the map.
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6.9 Biodiversity

We have provided basic maps of biodiversity value, using scores derived from the Defra biodiversity metric
habitat distinctiveness scores. Note that this approach does not take account of habitat condition, orthe
presence of particularspecies, soitisa very simple proxy for biodiversity value. This report focuses on
assessing ecosystem services (i.e. the value of nature for people), and thisis only a cursory look at
biodiversity perse. Other more detailed assessments are available (especially Wild Oxfordshire’s report on
the State of Nature in Oxfordshire, and data provided directly from TVERC on habitats and species).
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Figure 24 shows the basicscores, while Figure 25 adjusts these scores with a multiplierforareas with
nature designations (Local and National Nature Reserves, Special Areas of Conservation, Local wildlife sites
and proposed LWS, Road verge nature reserves, SSSIs and Ancient woodlands). The multiplieris 1.1if one
of these designations applies, 1.15if two apply and 1.2 if three or more apply.

Because all the scores are scaled back to a scale of 0-10 after the multiplieris applied, this has the result
that areas that are not designated end up with alowerscore. Thus only the ancient woodlands, SSSls and
nature reserves are still showninthe dark green coloursin Figure 25, while other woodlands and
grasslands appearin palershades of green.

Both maps reveal the generally sparseand fragmented provision of semi-natural habitats in Oxfordshire.
However, the good network of hedgerows (not shown on the county scale map) does playa keyrolein
potentially linking some of these fragmented habitats.
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7 Using the maps in planning
There are three main waysin which these maps could be used withinthe land use planning process:

o |dentifying highvalue natural capital assetsthatshould be protected from inappropriate
development;

e |dentifyingstrategicnetworks of green and blue infrastructure, which can form part of future
nature recovery networks

e I|dentifyinglow valueareas where there may be opportunities to enhance natural capital, perhaps
as part of nature recovery networks. This would be facilitated by extension of this approach to map
demand forservices, inordertoidentify gaps between supply and demand (see ‘Next steps’).

In thissection, we first provide some guidance oninterpretingand comparing the ecosystem service maps
and then we address each of these three issuesin turn.
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7.1 Interpreting and comparing the maps for different services

We have created maps for 18 individual ecosystem services. When interpreting these maps, itisimportant
to rememberthatscores fordifferent services are notin comparable units. Forexample, ascore of 10 for
recreation does not necessarily reflect the same value to society as a score of 10 for carbon storage or air
quality regulation. The scores reflect the extentto which the land in Oxfordshire achievesits full potential
for delivering each service. Thus ascore of 10 shows that the habitatisideally suited for delivering that
service.

Because the scores are notin comparable units, it does not make sense to add them togetherunlessa
weight hasbeenapplied thatindicates the relative value of each service. If they are added together
without explicit weights, thisis equivalentto sayingthatall the services are considered to be of equal value
indecision-making (i.e. all weights are 1). This also appliesto average values for groups of services, asin
orderto derive an average score, the scores for different services must first be added together.

The alternative approach would be to attempt to convert the scoresintoa common unit of value. This
could be a monetary unit (£). However, although methods exist for converting some of these servicesinto
monetary units, they are notoriously unreliable and ofteninvolve gross simplifications and assumptions.
For example, the standard carbon prices that are used in government calculations are based on
assumptions aboutthe price needed to achieve carbon targets. Howeverthey have not been updated to
reflectthe new climate goalsfollowingthe Paris agreement, or the new urgency inreducing emissions due
to the lack of progress overthe last 15 years. Therefore these prices are much lowerthan those that would
be needed to achieve ourcarbon targets today. Similarly, valuing cultural services such as ‘Interaction with
nature’ishard to do ina meaningful way, asittypically involves ‘willingness-to-pay’ surveys of asmall
numberof people. Yet once valuations have been produced, they tend to be readily taken up into the
decision-making process asa monetary value can be take to imply a false degree of certainty. The simple
scoring approach inthisreportis useful to map spatial patterns, butitshould not be takentoreflect the
exactvaluestosociety.

7.2 ldentifying high value natural capital assets

The maps for each of the 18 ecosystem services identify the assets that deliver each of these services.
However, it can be difficult trying to take the results of 18 different mapsinto accountin decision-making.
To simplify the outputs, the services can be groupedinto bundles that all depend on similar characteristics
of the environment. These groups are:

1. Food production. Thisis clearly an essential service butittendsto come at a cost to the regulating
and cultural services.

2. Wood production is delivered mainly by commercial plantations. These can also deliver certain
regulating services (e.g. flood protection) and recreation, buttend to be less good for the
biodiversity-related cultural services.

3. Fishproduction depends onwater bodies of good ecological quality.

Water supply. This depends primarily on the permeability of the ground to allow rainwater
infiltration. Tree cover canreduce this service, though thisis mainly anissue for coniferous
plantations which are water-hungry and retain theirleaves all year round. Deciduous woods lose
theirleavesinwinterwhen most groundwaterrecharge takes place. Farmland scores highly asitis
permeable, butitis possiblethat groundwater recharge from farmland has been over-estimated
due to wateruse by crops and the presence of field under-drainage. More informationis required
to assess this
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5. Soil-waterregulating services (flood protection, erosion protection and water quality regulation).
These services all depend onthe presence of good ground coverortree cover, and the
permeability of the ground to allow rainwater infiltration.

6. Carbon storage, air quality regulation, cooling / shading and noise regulation. These services are
all strongly dependent on tree cover, with largertrees delivering a better service (though carbon
storage also depends on soil carbon).

7. Pollinationand pest control. These services both depend onthe presence of structurally diverse
vegetation, e.g. woodland, shrub and semi-natural grassland with long grass, dead wood etc, with
linearfeaturessuch as field boundaries and hedgerows forming important networks.

8. Recreation. This dependslargely onthe degree of publicaccess, and whetheraccessis openor
restricted toa path. Urban green spaces such as allotments, playgrounds and playingfields are
importantassets, as well as the rural and urban networks of footpaths and cycle paths.

9. Other cultural services (aestheticvalue, education, interaction with nature and sense of place).
These services are all hard to value asthey depend onindividual preferences. However, the
available evidence suggests that diverse semi-natural habitats (including rivers and lakes,
woodlands, wetlands and grassland) and good quality urban green spaces such as parks deliver
these services best. Itislikely that protected and designated areas may delivera greaterservice.

Groupingthe services like this offers some options to simplify the overall interpretation. Asthe scoresfor
the services within each of these groups are very similar, the fullrange of services could be representedin
three ways, all of which cut down the number of maps from 18 to nine (five individual services and four
groups):

e Takingone service fromeach group as a proxy for that group;

e  Mappingthe maximum score foreach group;

e Mappingthe average score foreach group, although thisistechnicallyincorrect (as explained
above). Feedback from the stakeholder workshop was that mapping average score for small groups
of similarservices would be more acceptablethan mappingthe average score forall cultural and
regulating services together. The full report contains examples of this approach.

We show the maximum score from the full range of all 18 ecosystem servicesin Figure 26. This shows that
although certain high value natural assets stand out, almost all of the land in Oxfordshire is delivering one
or more services ata mediumto highlevel, scoring over5out of 10. Woodlands, semi-natural grasslands,
wetlands and freshwater all score highly for most of the cultural and regulating services (dark green), while
grade 1 and 2 farmland scores highly forfood provision. Following feedback from the stakeholder
workshop, the high scoring farmland is shownin orange, to distinguish land thatis good forfood provision
fromland thatis good for all the otherservices.

The lowergrade farmland shows asa medium band score (bright green) becauseitscores 7 for water
supply, asitisassumedto allow groundwaterrecharge. However, as noted above, this may be an optimistic
assumption where fields are under-drained. Therefore in Figure 27 we show the same map but without the
score for watersupply, forcomparison.

Particular assets that stand out onthe county scale maps, as mentioned frequently in the previous sections,
include large areas of woodland, parkland and semi-natural grassland such as Wychwood, Blenheim Park,
Wytham Woods, Port Meadow, Otmoor, Buscot Park and the Chiltern woodlands, as well asthe river
network and the string of associated flood plain meadows. However, these maps emphasise thatitis not
justthese assets (and other protected and designated areas) that delivervalue, but also the wider network
of farmland, small woodlands, hedgerows and urban green spaces.
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Figure 26: Maximum score for all ecosystem services (where the maximum score is for food production,
this is shown in orange to distinguish it from the other services)
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Figure 27: Maximum score for cultural and regulating services (green) or food provision (orange). This

map does not show the score for water supply.
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Note that mappingthe maximum score does not distinguish between areas that provide multiple services
and those that only provide one service. It would be possibleto map the number of services delivered.
However, this could be misleading as areas delivering ‘only food production could appearto be
unimportant, yetclearly thisisan essential service.

7.3 Strategic networks of green infrastructure for people and nature

One majoruse of these natural capital mapsis that they can help to inform the identification of currentand
future strategicnetworks of high value green infrastructure. These could be developedin tandem with the
new Nature Recovery Networks (NRNs) for Oxfordshire, to create robust habitat networks thatalso deliver
benefitsfor people2. We have produced a separate report showing how the areas of high natural capital
value overlap significantly with the draft NRNs (Smith and Hopkins, 2020), as shownin Figure 28. It is
importantto be aware of these network opportunity areas when decidingwhere to site new development,
so that potential high valuegreeninfrastructure networks are not cut off by inappropriate development.
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2 https://www.wildoxfordshire.org.uk/biodiversity/draft-map-of-oxfordshires-nature-recovery-network/
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Figure 29 shows a closerview of the areaaround Oxford, showing the high-scoring areasforregulatingand
cultural ecosystem services (blue) thatintersect the NRNs (green). This highlights hotspots such as the
seminatural grasslands south and east of Bicester, the Otmoorarea, Blenheim Park near Woodstock, and

greeninfrastructure networks alongthe rivervalleys.
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Figure 29. Closerview of overlaps between high-scoring natural capital areas and Nature Recovery
Networks
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7.4 Identifying low value areas where there may be opportunities to enhance natural
capital

Figure 30 shows areas that score 2.5 or less forall services. These areas could be suitable for habitat
enhancement, perhaps as part of Nature Recovery Networks. Furtheridentification of suitable areas for
enhancementwould be facilitated by the extension of this approach to map the demand forservices, in
orderto identify gaps between supply and demand (see ‘Next steps’).
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Figure 30: Low scoring areas, suitable for habitat enhancement

8 Next steps

This mapping approach has now been extended to the wider Oxford-Cambridge Arc, to help integrate
Oxfordshire’s plan with those of neighbouring areas (with funding from the University of Oxford’s MISTRAL
projectand the Environment Agency’s Local Natural Capital Plan forthe Arc).

There are a number of opportunities toimprove and extend the natural capital mapping exercise:
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e Gatheringfurtherfeedback from stakeholders, following the improvements made in response to
comments at the June 2019 workshop.

e Gatheringandincorporatinginformation on:

o District WildlifeSites ortheirequivalent;

o Countryside Stewardship schemes, toinform multipliers forinteraction with nature,
pollination, pest control, flood protection, water quality regulation, erosion protection and
carbon storage;

o Carbonstoredin soil;

o SSSlcondition.

o Assessingdemand forecosystem services, so that gaps between supply and demand can be
identified to guide futureinvestment planning. This will require spatial analysis of where the
demand forthe serviceislocated.

e Assessingthe difference between alternative spatial strategy scenarios. Some preliminary work has
taken place on this, but the results were dominated by the very different footprint areas of the
spatial options, which will not reflect theiractual impacts on the ground (assumingthat the number
of housesisthe same in each scenario).
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Matrix of ecosystem service scores for each habitat type
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Appendix 2: Stakeholder workshop report
Natural Capital Mapping in Oxfordshire

Monday 17*" June 2019 12.30-4.30 pm
Gottman Room, Oxford University Centre for the Environment, South Parks Road, Oxford OX13QY

Context

This workshop was organised by Alison Smith, aseniorresearch associate at the Environmental Change Institute, as
part of an Oxford Policy Exchange Network (OPEN) fellowship. OPEN is a new scheme funded by the Higher
Education Innovation Fund to help the University of Oxford translateresearch into policy and practice. Alisonis
working with Oxfordshire County Council, with supportfrom Cherwell District Council, developing evidence on
natural capital to feed into development of the Oxfordshire Plan to 2050. She has developed some draft natural
capital maps usinga simple land-use scoring system (see the advance information documentforasummary of the
approach) and the aim of the workshop was to seek feedback from relevant stakeholders.

Agenda
12.30 Lunch
12.50 Welcome and introductions
13.00 Presentation onthe mappingapproach —Alison Smith
13.30 Q&A
13.45 Examination and small group discussion of draft natural capital maps
14.30 Plenary discussion - feedback on draft maps
15.00 Tea and Coffee
15.15 Update on the OP2050 (Andrew Thomson, Oxfordshire County Council)
15.30 Update on Nature Recovery Networks (Dan Carpenter, TVERC)
15.40 The way forward — could the maps feed into OP2050, Local Plan updates, nature recovery
networks?
16.30 Finish
Key feedback

The matrix of scores. Development of the scores in the matrix has taken place in a series of projects overthe last
five years. Sourcesinclude the outputs from a stakeholder workshop in Warwickshire, a systematicliterature review
of 780 papers, a comparison of over 30 differenttools, and a series of expert consultations as part of Natural
England’s eco-metric project. Although most of the scores are indicativerankings, scores fortwo services (carbon
storage and air quality regulation) are proportional to observed or modelled data. Scores for the cultural ecosystem
services are partly subjective, and although multiple sources have been used there is still disagreement between
sources reflecting differing personal opinions (e.g. on the aestheticvalue of abog). Interestingly, the workshop
attendees did not query any of the scoresin the matrix, instead focusing onissues concerningthe presentation of
the maps.

Individual maps for ecosystem services. Maps forindividual ecosystem services were generally felt to be clearand
easyto understand. However the underlying land use maps could benefit from additional ground -truthing and
bringingin extrainformation to adjust the scores. Suggestionsincluded:

e AddingBiodiversity Action Plan habitat designations ratherthan justrelyingon Phase 1 habitat survey

classifications. Forexample, Stratton Audley Quarry is mapped as a quarry under Phase 1, so is shown as
havinga verylow score, but itis a local wildlife siteand classed as Open Mosaic Habitats on Previously

Developed Land under BAP.
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e Funding TVERC to do further ground truthing of the Phase 1 maps, which are currently mainly derived from
aerial photos.

Averaging the scores. Because all the regulatingand cultural services show very similar patterns, the ‘overall’ natural
capital map displayed an average score forall these services. Thisis not technically correct because the scores are
not in comparable units. Although this approach was adopted in orderto simplify the results, feedback was that
participants would preferto look at the individual services, or small groups of similar services.

Presentation of the maps. There was much discussion on the presentation of the overall maps of natural capital.
Many attendees found the combination of the food provision map with the average score forregulating and cultural
services problematic. Forexample, it was not clear which of the high-scoring (dark green) areas were scoring highly
for food provision, and which were scoring highly for the combined (average) cultural and regulating services.

Interpreting the maps. The maps identified ‘low natural capital’ areas (those scoringless than 2.5 out of 10 for both
food provision and the average of all regulating and cultural services) in purple. These areas could be interpreted
both as areas where development would cause less natural capital loss, and as areas where there is a high potential
to improve delivery of ecosystem services through habitat enhancement. Feedback confirmed that the first of these
options was somewhat problematic, as there are many other factors that need to be takeninto account when
identifyingareasfordevelopment, such as landscape impacts and transport links.

Potential uses of the maps. The maps were felt to be potentially useful for:

e Providinganevidencebase on where natural capital is located in Oxfordshire, toinform OP2050 and
potentially Local Plan updates.

e Identifying ‘high natural capital areas’ thatshould be avoided if possible during development, or mitigated
through enhancing natural capital elsewhere.

¢ Identifying ‘low natural capital’ areas that could be enhanced, potentially through beingincorporatedinto
nature recovery networks.

e Asastartingpointforfurtherworkto assess demand for natural capital, gaps between supply and demand,
and opportunities forimprovement (as proposed by TVERC).

Attendees
Janice Bamsey West Oxfordshire District Council
Jenny Barker Cherwell District Council
Ann Berkeley Evenlode Catchment Partnership
Pam Berry ECI
Venina Bland Oxfordshire County Council
Haidrun Breith Oxfordshire County Council
Dan Carpenter TVERC
Roselle Chapman Wild Oxfordshire
Christina Cherry Cherwell District Council
Neil Clennell Wychwood Project
Mark Connelly Cotswolds AONB
Kath Daly Chilterns AONB
Melanie Dodd Cotswold District Council
Andy Fairbairn BBOWT
Jonathan Fleming Environment Agency
Vicky Fletcher Oxfordshire County Council
Louise Fox Oxfordshire County Council

49



Richard
Mai
Dominic
Ceri
Sue
Beccy
Nick
Oliver
Kate
Sue
David
Alison
Charlie
Andrew
Colin

Apologies

Jeremy
Scott
Daryl
Camilla
Georgia
Fiona
Veronica
Lewis
Nicole
Stuart
Paul

Chris
Richard

Dawn
Mike
Sam
Graham
Jayne

Harding
Jarvis
Lamb
Lewis
Marchand
Micklem
Mottram
Murray
Prudden
Roberts
Rogers
Smith
Stratford
Thomson
Wilkinson

Biggs
Brown
Buck
Burrow
Craig
Danks
James
Knight
Lazarus
Malaure
Orsi

Parker
Pearce

Pettis
Pollard
Riley
Scholey
Manley

CPRE

Oxford City Council

South and Vale District Councils
Natural England

Cherwell District Council
Natural England

Oxfordshire County Council
Publica

BBOWT

South Oxfordshire District Council
Professor of ecology (retired)
University of Oxford

CEH

Oxfordshire County Council
RSPB

FWHT

TOE

Environment Agency
TVERC

NFU

TOE

Environment Agency
Bioregional
Bioregional
Environment Agency
Sylva

Earth Trust

Forestry Commission

Oxfordshire County Council
RSPB

Forestry Commission
Environment Agency

Earth Trust
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