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Soi l is the foundaton of all terrestrial ecosyst
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|l and use and policy decisions on a range of s
support of these objectves this scoping study

T Carri ed -loeutela rheivgihew of existng soil service
Wal e s, t he UK, EU and internatonally.

T Coll ated and reviewed soil property, functon:¢
Europe and internatonally.

T I'dentfed gaps in datasets and | imitatons for
maps for Wal es.

T Produced an accompanying spreadsheet that de:
and functon datasets.



ID Description
. Blanket bog peat soils
. Fen peat soils
. Freely draining acid loamy soils over rock
Freely draining floodplzin soils
. Freely draining lime-rich loamy soils
. Freely draining sandy Breckland soils
. Freely draining slightly acid but base-rich soils
. Freely draining slightly acid loamy soils
. Freely draining slightly acid sandy soils
. Freely draining very acid sandy and loamy soils
. Lime-rich loamy and clayey soils with impeded drainage
. Loamy and clayey floodplain soils with naturally high groundwater

Loamy and clayey soils of coastal flats with naturally high
groundwater

Loamy and sandy soils with naturally high groundwater and a peaty
surface

. Loamy soils with naturally high groundwater

. Naturally wet very acid sandy and loamy soils
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. Raised bog peat soils

. Restored soils mostly from quarry and opencast spoil
Saltmarsh soils
Sand dune soils
Shallow lime-rich soils over chalk or limestone
Shallow very acid peaty soils over rock
. Slightly acid loamy and clayey soils with impeded drainage
. Slowly permeable seasonally wet acid loamy and clayey soils

Slowly permeable seasonally wet slightly acid but base-rich loamy and
clayey soils

Slowly permeable wet very acid upland soils with a peaty surface

Very acid loamy upland soils with a wet peaty surface
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https://www.landis.org.uk/soilscapes/

{ 2Rdzy Qo 2y &

Bi ophysical soil functons include nutrient cycl:i
stability and support of plant systems and human
habitat. Soil functonstamesd@aivieced ywhii atkeadccecousd

benefts that human sCAcdweNBes derive from soils (
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Soils deliver

Habitat for
organisms

Source of pharmaceuticals
and genetic resources

CAIwWeNB 2Af FdzyOe2ya 0{2dz2NODSY C! hI HAMpPLD

The concept of soil functons frst gained promine
Strategy (European Commi ssion, 2006). The Strate
producton of bi omass, the suorieogfsfl sebshgnaed
provision of a physical and cultural basis for h
gene pools, the functon as a source of raw mater
archaeol ogical archive

There is no one single Sieflrfi2todm ) ik BajaniBIth refaud reat q n s
juxtapositon of diferent soil functons and their
ful fl ment of a functon by a soil would, in gener
example, on a given cpisadmen dfo Icehrach,gea tfhaer rhern’'ds ude
e.g., by plantng a forest instead of ha@$iing a fe
Ftf, 2010), or by switching from industrial agric
or organic farming, wil!l |l i kely have a marked ef
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directly measurable and express chemical (for ex
biological (foral and faunalSicaommwmilt)e s )SodHh a rpa cot
understood as the transformaton of inputs into p
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https://datashare.ed.ac.uk/handle/10283/3043
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Biotic provisioning services CICES
code
Cultivated terrestrial plants for nutrition 21.1.1
Cultivated terrestrial plants for materials 21.1.2
Cultivated terrestrial plants for energy 2211
Wild plants (terrestrial and aquatic) for nutrition 22.1.3
Wild plants (terrestrial and aquatic) for materials 2223
Wild plants (terrestrial and aquatic) for energy 2231
Genetic material from plants to maintain populations  2.2.3.2
Genetic material from plants for breeding 2241
Abiotic provisioning services 2.2.4.2
Surface water for drinking 2251
Surface water for non-drinking purposes 2.2.5.2
Groundwater for drinking 2.2.6.1
Groundwater for non-drinking purposes 2.2.6.2
Mineral substances for nutrition
Mineral substances for materials 51.1.3
5.2.1.2
. Ff2021) suggested
l uding the distncton
vided by abiotc ecos
ersecton between the
bl ematc. The authors
system services to e
SI2NRASa 2F az2Airt SO02a
eral authors have ca
z (2009) suggested 1
l and use in the UK,

ABBUDE o2y 2F 90282408y {8

csexsi | s can be probl ematc
nteractons between multpl
has been designed to hel
way and is one of several
t detailed classifcaton w

structur @ ogpreda ni Und éarny {(2QfB)ezn t @Il CE

eseatct rd6 nlgil ¢yt c eawd y237 ea

upply is directly and qua
Oof t&@. 182 0c2 1a)s siedse ndteff ende d
der soil related, compris
1) did not include any of
| services are not direct
aa ylvysSsa
Biotic regulation & maintenance services
Biotic remediation of waste
Biotic filtration, sequestration and storage of waste
Erosion control
Hydrological cycle and flood control
Nursery populations and habitats
Pest control (including invasive species)
Disease control
Soil quality by weathering processes
Soil quality by decomposition and fixing processes
Chemical condition of freshwaters
Chemical condition of salt waters
Chemical composition of atmosphere and oceans
Local regulation of air temperature and humidity
Abiotic regulation & maintenance services
Abiotic filtration, sequestration and storage of waste
Control of liquid flows
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& Climate regulation Refugia Biodiversity

Gas regulation
Cognitive CO,, CH, F 9% .
Primary NO,. N,
production Biomaterials ‘ Platform

Raw materials Nutrient cycling (
‘ Food & feed @ /
| .
; Recrreation
Erosion 0
/ ¢ |/ e
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control ! | k gy ' NPKs
Hcritagc% T;’ /

Vvater storage

Soil
formation

Water supply Vater quality

Supporting Provisioning Regulating Cultural
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Domi 84t f2010) proposed a conceptual framework f
soi l natural capital and ecosystem services whic
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regulatng and cultural soil ecosystem services;
services. A wiami Ir&mp,orftreddnicoWwrRID21t) gdeawi ng on i de
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Adhi kari and Hartemink (2016) examined the relat
through a review of the |iterature. Linkages bet
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Natural Capital Ecosystem Services Human Needs
Soll
Degradation __ - --4 R Cultural Services
o - Inherent Properties +Spirtuality
- = sKnowledge hﬁ Sell-achalisation
sSlope
et et LEEEREE : *Oriantation sSense of place Needs
i : «Depth «Agsthalics. . / \
! Degradation | »Clay typas
' Processes : *Texlure Estoam naeds
' | *Size of aggregates (subsoil) (psychologicad)
y *Erosion - *Staniness
- : *Strength (subscil} Regulating Servic
i &mwzctm : *Subsoll pans cauEng =
- S = v : *Subsoil wetness class “Fleod mitigation Social needs
i : ¢ ' > *Filtering of nuirants
: | ‘Towfication . *Bialogcal control of pasts and
i : *Loss of organc mattar | diseases
"} *Decline In blogwersity | *Ascycling of wastes and ‘Safaty and security
N detoxilication
i pirrreRyeert ., 3 Manageable Properties *Carbon sicrmge and requiation of needs
1 «Souble phasphate N;O and CH,
- sMineral ntrogen
1 st x *Sod organic matter
- 3
| | Swpong | | e |
-+ Processes | opH
L _ ' | sLand covar
1 *Nutrient cycling v sMacroparasity Provisioning Services Physiological needs
I : sWalter cyding ' *Buk density s oProvision of physical supgort
| ¢ "Poblologkul acihviy : :g:;, of a;::::.),s (topsoil) ~Provision ol $00d, wood and fibre
- R o v b v ' - *Pravison of raw materials
! \
i N |
I Soll formation ~~ i
- and 2
I maintenance |
i External Drivers Key:
8 Natural Anthropogenic — Stocks
- Cimata Land use == Flows
4 Natural hazards Farming prachses
....................... —  Geology and Technology ===+ Procasses
oeompho‘ogy = Drvars
Biodiversity
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soil properties

/ soil functions \
K soil ecosystem services

benefits for human nature
regulation

— biological control of pests and diseases

— carbon stock/sequestration and
regulation of N.O and CH

~ flood, drought and landslide mitigation

— nutrient filtration

= — waste recycling and detoxification
soil _ — water purification
soil processes provision

- - — fibre
( supporting ) — food

- illuviation — physical support

- organic matter decomposition — water

- nutrient cycling - wood

- water cycling, efc.

o cultural

/ degrading ™\ — aesthetics

. compaction — knowledge

. erosion — recreational

. salinization — sense of place

- sealing — spirituality j

toxification, etc.

K / tbeneﬁts for non-human nature j
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Human well-pq

+ Soil organic carbon

+Sand, silt, clay, & coarse
fragments

+Soil pH

*Depth to bed rock

* Bulk density

+ Available water capacity

« Cation exchange capacity

* Electrical conductivity

*Soil porosity & air permeability

* Hydraulic conductivity &
infiltration

* Soil biota

+Soil structure & aggregation

* Soil temperature

= Clay mineralogy

= Subsoil pans
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Spakie. F€2019) noted that a major sustainability
management to enhance natur al capital and the ec
understanding is difcult, gi venng htaada wihdkeref ect s
environment al conditons; and this context depend
Maps facilitate decision making by providing an
through visual representaton and are valwuable in
| ohgrm capacity of ecosyst Smshr®d.epfd014e Gcozylse
RedSin | £2016). A major challenge lies in the com
conditon and ecosystem services and in the fact
the scalehbthamayysos woincide with MoeSécal e of
Ff, 201380. IMa2e0s1 2; STurKQOULB8Om Linking soil feature
ecosystem services has been done in several ways

weightng the relevance and i nplorltf2mcde)af individ

Maps are useful for spatally explicit prioritsat
synergieofanamomagdei ferent ecosystem services, ¢
bi odi ver${.tlyf2(0OMa3e)s. Further, maps can be used as
di scussions with stakeholders, visualizing the |
produced or used and explaining ther®Regaméynce of
If, 2013adedonmksatr the integraton of | ocal expert
process is important for the reducton of uncert a

Maps can contribute to the planning and manageme
of their ecosyBsaetmnakriveceb. aPrsmhry data are of
service, e.g., food or rd,r es spupr tyn gvhaemrdt acsu Intanrya
rely on proxieat dorJiMee®01@yant f

Mapping of ecosystems services gained prominence
2020 (European Commi ssion, 2011). Target 2 (main
Acton 5 (I mprove knowl edge tohfe ekEclUos yosft etnihse aStdr att hee
member states “with the assistance of the Commi s
services on their natonal territory”. Acton 5 wa
Mapping and Assessméireti rofSeEwo cyest;emsheamwdr Kk f or maz
September 2011 with a stakd&liolld2eolwpr kshep s5avVET

iteraton within the working group and foll owing
networks a fnal framework was adopt@didzéE basur e
framewor k-elciomlbsmi sosiyestems with ecosystems via ec
change that exert pressures on ecosystems includ

using the services or asitediiacigdimpazd XMaes t C
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ecosystems / socio-economic systems \
ecosystem use and g t
other capital inputs
functions

human well-being

ecological [. genetic
processes diversity

functional
traits ‘

species

biodiversity richness

drivers of change
biophysical biotic
structures g interactions

* institutions , businesses

* policies (agriculture, forestry,
fishery, environment, ...)

response

state « stakeholders and users
K present and future
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The maps were produced either using the ESTI MAP
natonal scale to a 10 km grid. Example maps for
index’ acCéIJddMBwn in
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Maps for ecosystem services ar&ima@aold) aubpgeat
these include advocacy (awareness raising, justf
priority setng, i nstrument design, ecosystem acc
anal@ikddmBl ustrates the theoretcal relatonship b
requirements.

Parsimomny

&

HIGH

MAP REQUIREMENTS

AESOLUTION
CLARITY

Low
g

¥

>
>
>
>
>
>
>

(awaranass raising, justification, support)
Ecosystem assessment
{state and trends of ecosystem service
Priority setting

[basis for discussion on managemasnt)
Ecosystem accounting
[monitor assets an balance sheets)
Instrument design

(targeting user groupsflocations, pricing
Economical Liability

{legal damage, compensation, ofsetting)
(scientific advance and spatial analysis)

Advocacy
Research

A “

YIELILAY3I NBEWHDYBHSY Ga O

[@=N
w»
-<
Q)¢
(0p])
§
>
O«
(V)
QX

CAdIdamB9 O24ae 4
HAMT O ®

al LILMAyYy3 YSiK2Ra
The EU working group on MAES provided practcal g

framework along with a selecton of indicators to
ecosystem selSyii ¢68018urkbardani sed the MAES fran
steps to be followed to guide the ecosystem asse
ecosystems; (ii) Defning the conditos @efFfowhededco

by the ecosystem; odnd h{Eiswe) i @ampialnat mt egrated ecc

The operatonal framework for integrated MAES t ha
st e@isIEING
1T Step 1: Queston and theme identfcaton.
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1T Step 2: Il dentfcaton of ecosystem types.
T Step 3: Mapping of ecosystem types.
T Step 4: Defning ecosystem conditon and identf
ecosystems.
T Step 5: Selectng indicators for ecosystem cor
T Step 6: Ecosystem conditon and ecosystem ser\
1T Step 7: Mapping ecosystem conditon and ecosy:¢
T Step 8: Results integraton; and
T Step 9: Di ssemi naton and communicaton of r es:!
1 Question/theme identification Identification of ecosystem types Mapping ecosystem types
Policy objective Healthy soils Agroecasystems in the EU Based on CORINE data
Quantfcatonaf condionand el Sl it
Seatchand analyi of svalable (oSl 2615 rasan s S riton
Eesielance Al LE indicators (Guerra et al., 2014} ES control of eros
Mapping ecosystem condition Integration of results
and'F_S _ Interactions between condition of 9 DisseminlatiO_n and
Spatial representation of agroecosystems and control of communication of results
indicators erosion rates
CAIMABCNI YSE2N] F2NIAYyGSANFYGSR YFILIWAY3I FyR |aasSa
FASR 2y SdNE Kh MRO o6 {SABETDS Y nwmBYOR2 v
Renddin(l2022) based their assessment on the frame
assessment of ecosystems andSit hei2r0189r wainde s hgr a p
proposedSibyl({Malelss) . They calculated and mapped t
conditon and control of erosion rates wusing a wi
di stributon of the indicato€Ck3dzaNBthe entre study
Renddin F62022) quantfed and mapped indicators for
anthropogenic pressures and soil erosion control
the respectve indicators and thk empacobhyaofoagr
environmental zones (EZ). The results emphasise
this ecosystem service and ecosystefuacgompaciatnon i n
scal e to addrnedsssc avpaersi,atcolnismatne laand t herefore al s
the |®%elf odnd that the control of erosion rates
conditon indicators and negatvely with&ressure
where actons should be taken to mitgate the envi
agroecosystems and i mprove their conditon.
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al LILAyY3 | LIWNRI OKSa

Gr®egadméylfzsulhhg)ested that ecosystem services mapg
classifed into fve categories:

1. A simple and widely used approach that direct

i nfor mat on, mostly | and cover data and i s of e
The | and cover data are used asfepreonxti eesc ofsoyrs tt
services. The ecosystem service in the | ookuj
crop yield for agricultural producton.

2. Approaches, that mainly relying on expert knt¢
values in | ookup tables but also other met hoct

3. The “causal relatonship” approach tmhatwnest mat
relatonships between services and spatal i nf«
exampl e, t mber producton can beidsermatedresist
el evatons and forest types provided in a nat

4 Approaches that estmate ecosystem services e
surveys |l inked to spatal i nformat on.

5. Quanttatve regeeskogncahdsgodicém model s t hat ¢
ecosystem services as well as informaton fror

The authors proposed a tered approach to ecosy
tre@A dMaNSFor example, ter 1 may be appropriate
provide an overview of ecosystem services (e.g
suitable when ecosystem services tianflorbnuat onnoti s

linked to an explicit management and ter 3 may
me as ur eRse g(a@®rééytl f 20A1TMdENSas soci ates the fve categc
(above) with diferent ter |l evels.
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+  Are a deeper understanding and
analysis of underlying socio-economic
andior geo-bio-physical processes
Process-understanding needad?

necessary?

poTTTTEE T, yes
y  Is the mapping purpose :
i exclusively a rough '
v overview of ES in space? |
Rough overview?
/ ~
ne Explicit measures
yes needed?

E Do the planned '

i actions require information !/ \

. onthe system behaviowr? ! ¢“° yes

Tier | Tier Il Tier Il

Are data and resources available? [
Y —

/ v Are data in sufficient quality, quantity,
i scale and resolution available to
no +  conduct an ES assessment in this
<« tier? Ara there enough technical,
human and financial resources
Look-up tables *  available?
(e.g. linking ES values to land-cover classes) :

Expert knowledge
(e.g. Delphi survey: experts rank land-cover types)

Causal relationship
(e.g. BEN: incorporate combined knowledge about ES)

Extrapolation of primary data
(e.g. field survey data linked to spatial information)

Regression and socio-ecological system models
(e.g. field and statistical information linked to spatial data)

CA IdaNBE5 SOA & A
nwm

2y GNBS FdARAY3I (GKS a5t S80ary 2F aSNE
wS3l $6AE T H TO

0]

90232aGSY aSNUAOSA YIF GNAE

One commonly wused mapping method is the ecosyste
services t o-bdpmprhogmsriicatle spead al units (Burkhard, :
demand are ranked using a r eleavtawet stcoa Ivée3 dzilBhg ignhg,
Mp. Based on this normalisaton of rankings, vari
di ferent points in tme (including scenarios) <can

intervals classifcaton metthads n® boludds de. used to

As shewaMdsiNBt he basic steps of applicaton include
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.Sel ecton of ecosystem services study area.

.Sel ecton ofbirogplhggsactalgespat al unaxiss) assess me
.Coll ecton of suitable spatal data (e.g., | anct
.Sel ecton of relevant ecosyste#mxss)vices (asse
.Defniton of suitable indicators for ecosyster
.Quantfcaton of ecosystem services indicators
.Normal i saton of ecosystem setviscead ei.ndi cator
.Interlinking geospatal wunits and scaled ecos)
.Linkage of ecédsysan&inngerviocgeoBBpat al uni ts t
Ol.nt erpretaton, communicaton and applicaton of

P OO0 ~NO O WNPE

ES, | ES,
o | * |  wll .
! ES
a a !
Map with
geospatial units \
Not relevant 0
Very low
ES matrix linking geospatial ES,
Scale for ranking ES supply, units with ES rankings a
flow or demand ES ranking based on different ES quantification methods
CA JdgWBEh OSNBASg 2F GKS SO2aeaiSYy aSNBAOSE YIUGUNRE
I Oddzkt YIFGNRE 'yYyR NBadzZ syad SO2a8aidSy ééNJZ?\ééé Y I

' YOSNIFAyaSa aa20AFGSR 6AGK GKS YIFGNRE | LILINERI OK

Threatrix delivers results relatng to ea@system s
tables and resultng maps by integratng data fron
the following uncertainteesnrelatng to the 10 ste

T {StS0e2y 2F S0O24&e.a(TShve &cSaNgZeh GsSt widiydzRadr e aNBskhoul d

the addressed queston and region. 't shoul d 1
setngs, |l and managewment ognad adhasygitegn soanidot o
T { St SOa2y 2mARBIKSANYYG.t 3@ 8 eorl &1 ide/aktiocin and cat ec
complex | andscapes into a |imited number of ¢
Spat al units are also dependent on spat al dat
T /2tftS0Oea2y 27F &adzAlinlfoofrSnadtldine latv aRMHdlbi Il ity (e. g.
on soils) and data access ofen | imit compr ehe¢
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uncertaintes can be based on inaccuracies in
spat al and temporal scal es.

{StSOe2y 2F NBt{SOIWihi 6D2aeasgyt aBIN®EAOBACes al
study area and which user groups are beneft ng
exported to or from t-threi vegi sSmMPdiEspecmany ye d a
are negl ectewaidluaebitloi tdya.t a

5SUyAoa2y 2F adaAilofS AYRAOIEc»Ny sT2N S@288 xS

should be robust, scalable and sensi-tve to cl
indicandum (i .e., the subject to be indicat ect
Various indicators sareicescdandfdeynecqgyy asesms

vdzZ Yo UOl a2y 2F SOz2acallbdveaSAPAOSEs Ay RADE (@ N&
appropriate data for ecosystem service quantf
model, measurement and statstcal datophymd eratl ¢
data and statilstumalt sdatra |dprdttaed knowl edge abo
functons.

b2NX¥IFfA&Al a2y 2F SO23c2aiE&YmpaNEaL»OSat Ny RAXOIdEZ M
sources, varying quality and quantty and acr (
al ways given. Moreover, subjectvity in the sc¢
uncertaintes.

LYGSNIAY{Ay3 3S2all ol f dzyAlda YR SO2aBa0GSY a¢
averaging of ecosystem service data over spac

service supply takes place spatally and het et
and indicators without | osing relevant inforr
[AY1F3S 2% SNOI2ERRAYIDBEY n2 HS2@al ohés dyfhilisel ecte
and ecosystem services, including defniton of
ecosystem fows can | ead to uncertaintes of ec
about compdcelxo giocklageyst amtlai extrapol aton to
regions, the proper representaton of multple

i ssues also add further uncertaintes.
LYGSNIINB(GFIa2y: O2YYdzyAOl a2y YR FLILX BOUbgY 2-
designed maps awnsderi nisrutfecrifeancte senndi ght cause i n
Data and map misinterpretaton can al so be duce
gener al |l ack of expert knowl edgeweéonrl| erndmpah
management and ecosystem services supply. Ecc
complex and too aggregated f ormemswalaindatfamsta
respectve uncertainty or reliability measur e:
ecosystem services map.
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9EI YLX S YILAKYILLAY3I | LILINRI OKS &

902aeaiSY aSNWBAOSA Ay dzLX yR 2 f Sa

Har d&8@efFf2020) reviewed and identf eslereciocgstem s
supplied by wupland | and use in Wales and compare
l and uses in the Welsh uplands (def nuemdl eas tthltee L®e
Favoured Area (LFA) designaton (EC Directve 75/ 2
defned as the fows of services and goods from ec

Gr oSlt.  f201&oulHgi mesl 1F00)t sacnhdi ne,s @30wsd tceerm dvieg e def ne
fows 9érdises that provide costs to humans.

The authors used a |iterature revi swrtvda ceket drhmai
domi nant | and uses (forestry and agriculture) an
Wel sh uplands had t he tchagp aTceirtrye sttor idaell i Pvhears. e Tih ela

Resources Wales, 2018) spatal data to delineate
and functons thadgerswippeordelsievesriycedmndd st hus capaci
service

Hardhéerf2020) used an adapted verSdii ¢gri2000t h@0oma
to quantfy the | evelseorfvipowese namd mseetr ve ccoes yasntde na i ss
to link this to varying | and covesrertwipceess. olnh et hres
axis and the | angpeseanmhbbnpSnAt cbkreri ntersectons
assessed (based on evidence from the I|iterature
services for diferent | and types on a scale cons
supply,er3aat=e maudply, 4 = high suppltyiand, 5t heven}
was used but with negatve values. Wkerresitchee ecos
anal ogue, and the | and cover t yspyestheamd stehrev iccaep aocri

service a range score from negatve to positve wa
servicesyvidies and net ec oGlyZd€inIdzAP@A IzMB e s howr
respectvel y.
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¢ ontpbSvdz t AGEFa @S FaaSaayYSyd YI G NIESINIAAGISS yaodzLOLI S20 2TaNeRaYl Sdyl Jt &l SyNID Al GONJ /o (RdxNal €
IZﬂS}/al'f SO02a8éaGS8y ééNﬁ)\éféJﬂ?\ﬁdZLJﬁJObe NT\YBRXDEUBRIBLM&@CSCE@X‘fI’QJ@EBFéMd)I'EUfLEZZJ @ S
SO2aeamSNUROSa LIy BAD s BE UBSA A dzaASR NIy3aIAy3a FNBY @OSNE f2¢ O6bmMOY 26 Ob
AYRAOLGS8a y2 SOARSYOS 27 LINEIMMaAS yS0 Al R/SYSN HANQIler yiZS0 S & (NBSR [T cayyGEENI | Ay 3
o dzi é@?\ﬁé)féé Ay O O2YLX SGSx fA3IKG o0fdzS I ¢St ¢ Sailof AAaKSREI mcuﬁéfm@n)\uytb
Type of ecosystem services and dis-services (CICES Classification)
Provisioning Regulation and maintenance Cultural
= 5 § . B _E 'E = -§ % = =2 é = g = = 5 Total s 5  Totalnet
Upland  Associated land £ g G 1] E 2 3 £ _E Z § g £ ; = E 'E £ 3 E = 1 potential pol;jnsu potential
land use caver 23 = E 3 5 -} E 8 g < £ ¢ = 2 =3 2 zg § s ES supply o ES supply
Conifer 0 0 5 2 -2tol 5 -4 3 3 3 1 3 23 -Gta-4 19t0 23
R 0 0 0 3 3100 1 0 0 -2 3 0 1 8 5102 Ito8
conifer
= Broadleaf (1] 0 3 2 4 4 =3 3 2 2 4 4 28 -3 25
w
5 Ef:::rcl::e”m 0 0 0 3 3100 1 0 0 2 2 0 1 7 Sta-2 tos
Mt (conifer/ 0 0 4 2 2102 a 3 3 3 3 3 3 27 St0-3 22t024
broadleaf)
e 0 0 0 3 3to0 1 0 0 2 3 0 1 7 St -2 2tos
mixed
Unimpraved
2 0 0 3 -2 4 -3 Q0 -3 3 4 3 19 -8 11
grassland
Sl 3 0 0 3 -3 3 -4 0 4 3 3 3 18 11 7
grassland
e 4 0 0 3 4 3 4 0 s 4 2 3 19 13 6
grassland
B REIEE 2 0 0 3 2 a 3 0 3 2 4 3 18 8 10
= grassland
% Ffridd 2 0 0 3 2 4 -3 0 -3 2 4 3 18 -8 10
Heathland 3 0 0 3 2 2 3 0 3 2 4 3 16 8 12
:i” —— 1 0 0 3 -2 2 -3 0 4] 2 3 2 13 -8 15
B
Mira 3 0 0 4 2 3 3 o -3t03 2 4 2 20 Bta -5 12to15
Arable (1] 3 0 =! - 1 -3 Q -5 3 2 2 14 -12 2
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Ecosystem Service Supply

I No Supply

B Very Low Supply
Low Supply
Moderate Supply

I High Supply

Il Very High Supply

Gontaina Terreatrial Phase 1 | labitat Data @ GNO/NRW All Rights
Reserved.

Contains Ordnance Survey Data.

Ordnance Survey Licence Number 100019741

15 0 15 30 45 60 75km I\k
I ¢

A0S adzl) e FNRBRY |0 dzLJ I yR ¥F2
& O2YLINAAS fA0Sai20] LINE R
aSljdzSai Ny 22R NRA&A] KdbBAOBRYISYLRAFESGFY
NEONBlIoa2y®d ¢KS YI LA SNB ONBFGSR dzaiAy3da GKS F2ff 2
adzLJLJ ex 1 G2 wmH ' f£2¢ adzali) es wmo G2 wmy TI' Y2RSNI
KAIK adzJi & o9 ey of I NRIF 1 SNJ

O

Ecosystem Dis-service Supply
B No Supply
Bl Very Low Supply
Low Supply
Moderate Supply
I High Supply
Bl Very High Supply

b)

Contains Terrestrial Phase 1 Habitat Data & CNC/NRW All Rights
Reserved.

Contains Ordnance Survay Data.

Ordnance Survey Licence Number 100019741

15 0 15 30 45 60 75km N\
e

CAJdaNB9 02 aera8NWAORA&dzLILE @ FNRY |0 dzZLX YR FT2NB&GN
21 fSad ¢KS SONELAESBYORXBINAAES AyONBlI aSR t20Ftf b22
NERdzOea 2y 2F LRGI0ES 6FGSNI ljdd t AGEDI ¢BY Yil IJayeS HE
bm G2 bec I' OSNER t2¢ adzlli & bt (2 bmMu ' f2¢ &adzl
ddzLJLJX @ FyR I' f bup ' OSNEOEXBKHAMILI &8 6{ 2dz2NDOSY |
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Net Ecosystem Service Supply
I No Supply
B Very Low Supply
Low Supply
Moderate Supply
B High Supply
Bl Very High Supply

Contains Terrestrial Phase 1 Habitat Data © CNC/NRW All Rights
Reserved

Contains Ordnance Survey Data

Ordnance Survey Licence Number 100019741

15 0 15 30 45 60 75km N\

CAddzNBb S SO2aealdSY ASNWBAOS adzil)x e FNRY 0 dzZLX |y
2 fSad ¢KS ySi S0O02aeadSy aSNBAOS adzally e fS@gSt Oz
ddzLILX @ 2F BORAWADETEYW RKS S02ae ali280n aLSNBARNdIFea2 Y2 Y- LB
ONRLASZ oaYOSNI LINPRdzOa 2y > OFNb2y &SljdzSaidNI a2y f 2C
gFGSN) ljdz- f AGes SYLX 28YS8Syli mgRUONDOHAL O FYINA 8 K8SA $OR
b22R NR&1Z DID SYAaaARWalbyR BPERE8NbHdzZ f Aled ¢KS
F2tf26Ay3 alOrLtSY n I y2 &adzalJdeéesxs m G2 ¢ ' OSNE f 2
ddzLILX @3 wmcp G2 wn [ KAIK adzlli & | RoE{HBammOKP OSNE

{2Af SaBAPADSE Ay 9y3Ifl yR

I'FoAGEFEG GeLiS F LILNE I OK

Natur al Engl and mapped soil functon potental bas
to their potental t &ipr de@dBddsRTihle smearpv if coecsu s(ela |oe
factors that |l ed to good quality soils rather th
regul at e. However, the authors noted that to f ul
compl ete move alwayeflrampmrobhabi antl stated that ‘1t
only shows where good quality s@ualsi matyvexapgpr od

barely heSi{pflufl20.14Dacloensc| uded that to enabl e a mo
and to further understand which other services s
in additon to habitat dat a.

MOMEREZNIS L) Y I LILJAY 3 F LILINE | OK
But3d.nlf2015) st sm@ppanfbomet hodol ogy to map ecosys

The frst, referred to as typology mapping, descr
using a mixed | and cover/land use classnf@¢caton.
described the supply of ecosystem services by th
third, referred to as needs mapping, described t

area. The fourth andpdtnaalofsttelpe coendo mae dan d et loiurt d
where demands were met @khdAwIMB eTrhee tahuetyh carrse snuwog g erse
fnal step was partcularly wuseful for informing p
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Table 7 Soll function - Habitat scoring table

Sub habitat type Score
Littoral rock

-

Littoral sediment

Supra-littoral rock

Supra-littoral sediment

Arable and horticulture

Improved grassland

Neutral grassland

Freshwater

Fen, Marsh & Swamp

Bog

Dwarf shrub heath

Inland rock

Montane habitats

Acid grassland

Calcareous grassland

Rough low-productivity grassland
Built up areas and gardens
Broad leaved, mixed, & yew woodland

WoW R W W W W W W W oW N s

Coniferous woodland

Mapping Ecosystem Services

Soil Function Potential
based on analysis of LCM2007
full resolution data

[:] 0 - none
[ 1- tow potential
[F 2- medium potential
I : - high potential
ot
of each LCM Broad Habitat ciass. The score

Is the abiRy of & class (0 provide the specific
service, ona scaleof 020 3.

Map produced by Nigel Brown

Data Mobilisation & Analysis Team
Natural England
June 2014

-

The Eccorster clasons
O NERC (CEM) 2011 © Crown Cooyright 2014, Ordnance Survey Licence number 100017572, © thrd cary lcensaes.

CAIdapB{ 2Af TFdzyOo2y SWOEX 6 fH RAUNIDSY 51 ¢ 84
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a .

b.

Liverpool City Gl Typology

Aateuturs lara I oersictisna . o I svectiross
I v vo B Ot sporstciy [ Visir bocy
I oo, crurenyors o urstgrouna [ Gressin, nestiand, moocarctor srabiara [ Pork o oot goroen [ Viver course
I Constatmaeat Instonal g I oo comesi garden [N Vietians

I vieodiand

Noise Absorption

{population der

within 30m of r

e wERsEY

FOREST

Noise Absorption
I Need & function
Need but no function

THE weRsey
FOREST
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CAJwWaMBlI & (alLkRf238x 0 ASNBAOS adzZll ez Od aSNWAOS
L dzZGSYE tHAMpPp O @

[FYR O20SN) a02NAYy 3 I LILINRI OK®

Smith and Dunford (2018) applied a | and cover sc
Coventry and Soli huHlundWd& ®D)p e NEBSESr tpr off etche (BOY e 1

natural capital and ecosysteeddseoviWC&S)bedahesapap
Phase 1 Habitat and Biodiversity Assessment suryv

Experts scored 16 key |l and cover classes from th
deliver each ecosydtaesm ssersvieare ,(iusi.ng fa oan X t o !
capacity and 5 was ver ythiketh odadaleirvercyreasp aveirtey .u ¢
summary matrix for these key |l and cover <cl asses.
Dunford (2018) created average scores for all re
provi sieowiimgs and all cultural services. These ¢
GI'S to generate maps of each iChdwaiBdiuhad u gshe rtvhiec e
met hod is very simple and is based | argely on ex
that stakeholders found the maps very wuseful for
ecosystem services in WE&S.tRetbemmmattbdds mpnol aed
validaton, modifcaton to refect ecosystem condit

di ferent approaches.

Flood protection

Ecosystem services scores

Il Zero

B Very low 0.0-0.9
N Low 0.9-15
| Moderate 1.5-2.5
[ High 2535
B Very high 3.5-5.0

© Crown Copyright and
database right 2018,
Ordnance Survey 100018504,
This map incorporates
biodiversity data supplied by
the Thames Valley
Environmental Records
Centre (TVERC) which is
copyright to TVERC and/or its

partners.

3
Kilometers

CAJWMBCEt 22R LINR(iSO0a2y $025284iG8Y aSNWBAOS 6{ 2dNDSY
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{2Af SO2aeadSYy aSNBAOSa Ay {O2Gfl yR

Aitkenhead and Cafurld megworlk8 )f odre secsrtinmbaectdng t he di st
e
n

servic supply based on t 6k&3JwWNEB celpits odp pradad x em
relatonships between fundamental soil wvariabl es
linked to soil processes, and hence to ecosysten
The parameterizaton of t hesceo mbeil matoonmns ha fp sd amass farc
Scotsh Soils Database and expert knowl edge. Base
functons and services across Scotland was from d
approach constnrsdiimped itntkegreesl dtoo |l i near rel atonshi
bet ween factors at each stage, but did provide a
characteristcs to ecosystem services.

Process A |Process B Function A | Function B| Function C| Function D Function A | Function B| Function C| Function D

Parameter A |i1 i2 Process A | j1 2 i3 j4 Parameter A |i1j1 +i2]5 |i1j2 +i2j6 |i1j3 +i2j7 |i1j4 +i2j8

Parameter B |i3 i4 X Process B| j5 8 i7 i8 = Parameter B |i3j1 +i4{5 |i3j2 + i4i6 |i3j3 +i4j7 |i3j4 +i4j8

Parameter C |i5 i6 Parameter G |i5j1 +i6]5 |i5j2 + i6j6 |i5]3 +i6j7 |i54 +i6j8

CAIWMBEKS 02y OSLIG 2F YIGNRE Ydzf oL AOF a2y | & | LILX
FdzyOoa2ya 6{2d2NDODSY ' AG1SYKSIR YR /2dA X HamMyO®

The valueélsopgp®¥enti hhe available informaton on re
and ecosystem services; for each of the three ec
carried out usihigt kehneh esaadmea npdr oQGoeuwsisl. (2018) not e
was not to provide an approach to accurate quant
but to provide a framework within whichheexistng
identfed and addressed and the multfunctonal ity

Maps of the ecosystem services agricul ChABdzNScapa

Ho A higher wei ghdaoays yisntdepnt astveérsviitocmea t st ye eat er i n
areas with a | ower weightng. For example, the ag
steeper-adanduldieglareas, and medium/ high values in

farming predominates.
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¢l optbSal GNAE 2F NBfloz2yaKAlLA adNBy3adka fAyl1Ay3
'A"01SYKSIR YR [/ 2dA X HAamMyO®

Drinki
water
Agricultural capability Carbon sequestration  provision
Water supply 1.0 1.0 1.0
Biocontrol/regulation 0.5 0.0 1.0
of pests/diseases
Nutrient buffering 0.5 0.0 1.0
Nutrient availability 1.0 0.0 0.0
Capacity to maintain 1.0 0.0 0.0
sufficient pollinators
Temperature buffering 0.0 0.5 0.0
Interception and 0.5 0.0 1.0
infiltration
Support biodiversity 0.5 0.0 0.0
Nitrogen fixation 0.5 0.0 0.0
Nutrient cycling 0.0 -1.0 0.0
Peat accumulation 0.0 1.0 0.0
Primary production 0.5 1.0 0.0
Regulation of soil 0.0 1.0 0.0

GHG emissions

o 6.98 i

35 &
%
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oS I o

CAdwWaNB2 SAIKayd IAPSY (2 (GKS SO2aeal A
I 2 HAMY

"
aSljdzSaiNya2y 6{2dz2NOSY ! AG1SYKSIR y
al LIIAyYy3 SO2aeadSy aSNBAOSa Ay LNBftFYyR

To fulfl their obligatons under ActSin I 2®dfl6t)he B

SY aSNY
R / 2dzZ f

worked with stakeholders to identfy what needed
into consideraton existng natonal spatal data so
ecosystem service mappifhg.i Thiecptrojecthatougdnteta

guantfying ecosystem service supply and demand,
habitats and thaermacaesositate

The mapping tool used was SENCE (Spatal Evidence
selected primarily for its ability to be mani pul
scales and its abilityetosystliémesenuitpass fori a
all ows for stakehol der weightng to be applied an
tool was used to model selected ecosystem servic

Land temporarily storing water.

Areas of | and promotng good water quality
Vegetaton carbon

Soil carbon

Terrestrial food

Terrestrial biodiversity: Habitats, managemer
Par&@rlf2016) reported that the mapping and asse
or ‘surrogate’ measures that could be used to qu
was brought together using aedetohenfavanaltalsl @ pdato
spatally and quanttatbvasley vsyishgmabasiednbhcsci ele
knowl edge. This enabled bespoke maps to be devel
serviseoprovi

=A =4 =4 4 -8 -4

The map for the ecosystem serviCéa@uwaNBThéeé amapm whs w

created using informaton on soil type from the T
l andform in terms of slope angle, and habitats f
knowl edge to model whiochbearfelatsr aotfn g awad ewe raen dl iwkhe
were potentally having an adverse efect by input
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Areas of land promoting good water quality
Ecosystem service: Regulation of water quality

29/03/2016

Legend
- Higher contribution to promoting geod water quakty

— Some disbenefit to promoting good water quality

- Freshwater
- Compromised data in urban input

How to interpret the map:
The darkest colours represent land that contributes most to filtering
sediment from the water and, therefore, "better’ water quality. Lighter colou

represent iand that may be inputting into the water :
Ecosystem service:

and maintaining » tion of ~ Water Quality
Regulation

What the service is:
Contribution of the land to the filtration and supply of fresh water,

Why it is important:
Pure clean water is essential for human health and underpins the whole
environment

How the map was created:

The map has been created using information on seil type from the Teagasc
national solls and subsolis datasets, landform in terms of slope angle and
habitats from the compiled habitat map. It uses scientific knowledge to
medel which areas of land are likely to be filtrating water and which areas of
land are potentialy having an adverse effect by inputling impurities. The
map should be interpreted as showing the best information with the current
data available. The map 15 intended for use at a strategic scale. If
information is needed about current site specific water quality a detailed field
survey should be undertaken.

Valuation Example:
[Ecosystem  |Significant effects |Data used F.mammm

Service

Water Lnd conr ofecton Habant Mosdaed medtish
Quskity Hodge med
Regqulation Paatriand
oy i
st Iomitey
Filrshcn elfectod e sl [So%
Brown st medten
Feay soks o
g6 6 hkod b Sowrate  Ehorsen - Sope
pasodonTN (St sepes. Nogasve
o 20 40 80 80 100 N

L 1 !ma L ]

Canography by Envirorvnent Systame Ltd, May 2016,

Crdnance Suvey Ireland Licance No EN 0056218

© Ordnance Survey Ireland / Govemment of Ireland [2018].

Contains data praparsd by the Environmental Prataction Agency based on
Ordnance Survey Ireland information.

For ful list of catasets used for this map, please refer to the final project report,

J) Environment
@ SYSTEMS

U Deduen, Okt o i
weldence aed iniight

CAIJWMBIOEI YL S SO23a83

G§SY

a SNIA
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34

6{ 2dzZNOSY

t I NJ SNJ



al LIIAyYy3 SO2aeadadSY aSNBAOSE Ay t2NldAal f
Lapdrit d f2021) detailed the met hdoedvoell cogpiecda i na ntdh ear
(Portugal Mapping and Assessment of Ecosystems a

ecosystem conditon and ecosystem service supply.
ecosystem condi tond adnids csuesrsv itchee smuapipnl yc,h aalnl enges

encountered to inform the i mplementaton of futur
states.

The methodological framework chosen to map and a
consi sted eosfeda ampplrtoach (ranging from spatalizatc
model ling), combining methodbabChA@amBihgnes mp hex
approach. Al assessments were made on the most
classes (agriculture, agrotbamestsy, forest, shru

ECOSYSTEM CONDITION ECOSYSTEM SERVICES DATA SOURCES

8 Land-use cartography (2007)
National Statistics Institute — INE
@ * total annual production of man crops » ®
* annual average | ivestack unity (LSU) l ’
. National Inventory Report — NIR 3
* yearly biomass increments per species ‘C :

Land-use Tr i National y Report - NIR
Analysis + estimated organic carbon ‘
| (1990 2007) + contentin PY soils
retentioncoefficients

MER 1

COMPLEXITY]

| Crop Production (cP)

}
I
|
| Fiber Production (CP)
|
I
I

Soil Organic Matter (SOM)

MENT

TER 2

LINEAR REGRESSION MODELS

B

RUSLE MODEL

TIER 3

CAIWmMBaSiK2R2t 23A0Ft 20SNBASs 2F LINROSa dza SR (2
adzLJLX & OF LI OA (0 aof{ t24daNgO QYD [ | LI2 NI |

Mapped ecosystem ClhIdiBwenr ei:ndi cators (

1.Soil organic mater (tonne Carbon/ hectare/yeat
2. Ecological wvalue offjuphanat dgmmooir eed (semi
3.Pl ant di vgeurasnitttya t(vsee nscnadr e 1
4 . Bird divgquantya(sse@msecore 1
Five ecosy&chadmiNSewevecgsantfed and mapped:
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.Crop producton (t/ hal/year),

.Livestock producton (livestock wunit/ hal/year),
.Fibre producton (m3/ hal/year),

.Carbon sequg¢ star/ ayteaarr )( ta n@oO

.Control of erosion rates (t/ hal/lyear).

The authors concluded that ecosystem mapping cou
at the regional -fsacgagien g faorre asn swhaenrcee ,s errevdi ce supp

ga b~ wWwDN Pk

over t me. However, they also identfed several <ca
1.Data availability (in terms of aggregaton, s
pr oebeasssed model | i ng.
2.Refnement of results could be achieved with t
admini straton i f data protecton issues were ¢
3.A wider range of ecosystem conditon indicator
considered (partcularly cultural services);
4 . The selecton of ecosystem conditon indicator s
ecosystem services.
a. Soil Organic Matter d. Bird Diversity

Estimated number of common farmland and

forest bird species present per grid cell
(2x2km), based on multiple logistic regression

=
o0
=
SOIL ORGANIC o
MATTER ;
(tC/ha) o
3 = | BIRD DIVERSITY
- - ‘g Score
. S|
-4
- 3 -
. an B
" S| M.
B LB
i)
“n- ® | 1w me
-
<]
E

Based on Portuguese NIR values for average
SOM content and accounting for observed

land-use change over 17 years (1990-2007)
¢

irventories

phytosociological
(Mesquita et al. 2021). Weighted average of 4

groups of species (protected, endemic, rare, and

on
characteristic) present per plant cammunity,

(naturalness, replaceability, threat, rarity, and
scored 1to 5 (low to high).

Based on geobotanical models (Mesquita et al.
2021). Weighted average of 5 parameters
condition) scored 1 to 5 (low to high).

Based

CAIwWaNB9 O02a2aGSY O2yRAa2YY oO0lF0 a2Af 2NEFYAO YI SN
600 LYyl RAGSNERAGE | yRSGGREf@aANROBRAGSNEAGE 6{ 2 dzN
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a. Control of Erosion Rates

b. Carbon Sequestration
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d. Crop Production

c. Fiber Production
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e. Livestock Production
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a2zRStftAy3a SO2aeaiSy aSNBAOSa Ay Lalfte

RovSali. I P DdPlosed a method for mapping and bundl i
services produced in agricultural saodrdédereéataare
through the analytc hierarchy procesd (chWR). The
map with other data to obtain a comprehensive ec
cluster analysis to idendAfdyzNBImel easutdforesc aoynstl ain
based on a frst trial, the method showed potent a
i nnovatve governance models for ecosystem servic

Wi t h -cnruiltteri a analysis techniques, a set of rele
evaluatng, and ordering diferent alternatves. Th
preferences -mafketrlse de kiewwesrear ¢ hael a0 twein@hhtved for
Once an ordering of the criteria and an ordering
obtained,agdgrggatred rient o a single general order.i

| 1. Identify the ES to be mapped l Provisioning

¥ =

| 2. Create the hierarchical tree l o B

. = T~

2.1. Define criteria and — —=
= ILand capability 0.500 ] ICrcp destination 0.333 I IType of activity 0.167
assign weights
l I class 1.000 | | Orchards 1.000 | | Professional organic 1.000
: . Il class 0.875 | | Horticulturals 0.920 | | Professional conventional 0.875
2.2, Assign ‘_Nelghts tothe Il class 0.750 | | Cereals 0.880 | | Non-professional 0.375
attributes | | Leguminous 0.800 Gy

2.3. Calculate the value of
each pixel

A
I 3. Calculate the mean value on a grid I

Provisioning
v

| 4. Repeat for each ES I

Soil quality

Erosion and mass movements control
L3

Water flows regulation
| 5. Find clusters of ESs |

Maintenance of habitats

CA JwWaNBCt 2 6 OK I NI F GKS LINBPOSaa 2F S02aeaidsSYy aSND
LINE GAAA2YAY T &SNBBEAS nH{oDdNDOSY w2 J A

RovSaii. F62023) mapped the fOA IS nbga seecdo soyns ttehme sperro
descr iCh&dzaNiSn

T Provisioning of food, fbres and aontihnearl smat er i
T Soil quality

38



T Erosion control

f Maintenance of h

and

abi

atenuaton of mass
T Water fows regul atons

tats.

10.450°E 10.650°E 10.450°E

44.000°N

43.900°N

43.800°N

10.650°E

10.450°E 10.650°E

43.900°N 44.000°N

43.800°N

(a) Provisioning
(b) Soil quality

(c) Erosion and mass
movements control

(d) Water flows regulation

(e) Maintenance of habitats

movemert

CAIwWapBE902a8ai0SY aSNUVAGCEDEYHDIAOO P2dZNDSY w2k A

Using the ecosystem maSls lgfRd 2831 u cthear axn &lry wiesd Rd

to six ecosystem bundl es

combinatons of t he

for 19. 4% of the area

high I evel of agricul
servicewue( 5.09)i,t s topography.
ot her regulatng servi

of habitats (3.0).
were characterized
mai ntenance of habi
gual Bd)y €6osion and

n

by
tats
mas S

areas wer e, t herefore,

39

a | ower
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movements
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t hat

synthesi zed
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zed by a
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was char

and was characteri
tur al actvity, and

However, it
ces considered: soi

t he <ca

gual it

compafi sber, abendt et B auoct
capacity for
ce (5.0) and
control
with the most

provi
by a g
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Provisioning

Maintenance

of habitats Soil quality

Water flows Erosion and mass
regulation movements control

" 10.600°E 10.800°E

CAJamMB9 02a2aiGSY aSNDPAOSAdAdzyf RHBE & PO { 2dzZNDODSY w23 A

9024a2a0SY aSNBAOSA Ay ! dzZAGNI f AL
Pet®{. §2012) developed and trailed a method of

gi
Th

cr
be

> ® O - T T O

\Y

ensl and using biophysical data | ayers in pref
rogates were identfed for 19 ecosystem functo
individual functon mapgardeaeldl o0 pheddataase
facilitate the overlaying process within the
cess was to reduce each data set to a “absenc
e atent coasliset(25 m x 25 m grid). Two methods
ert advice and B. Quartle splits of numeric d
e subsequently reclassifed tospPpl absgnor (storp
ores of 3 and 4 from the quartle splits). The
rlaying the selected suite of standardized da
cton. Total ecweryestem dwnaed ony mawer | ayi ng al |l
maps with a data range of 0 to CAJdaNEd AC etacs 7 6
gh and | ow functon overlap were similar in bc
en the | arger data range.

aut hors reported that the method produced ma
di ble and resulted in an ecosystem services f
ng embedded in a statut oroy ipnlfaunennicneg pdl oachunnienngt
ocal government | evel. They noted that the ec
ntfcaton and measuring of ecosystem services
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9S00 YI LA

Maps of ecosystem services typically indicate th
provision, rather than (hwaws&iytkl f28pH0oWdget 0 mamag i
natural capital and ecosystems services sustaina
predictors (‘drivers’) actnnagt uartall occaapli taan d |Aann dusnc
where natural capital and ecosystem services res
targetng of manag$inelnt2 Oplr7a)c.t ces (R

Spakile F€2019) outlined a generally applicable an:
the creaton of ‘efect maps’ that quantfed how th
varied across br cCaddmNSographic extents,

1. Select ecosystem responses 2. ldentify drivers and hierarchies 3. Generate Vo Regional drivers
hypotheses
Regional drivers
o 2 Ecosystem ) Consider cross-
& responsas should ba Broad-scale variables that ecale
b b of i) explicit social vary at a slow rate over iMeractions
Ei‘l value, ii) direct broad spatial
‘.‘ relevance to
{; management, and iii)
?. .I'-. comprise a Landscape drivers

measurable unit of
. an ecosystem to
" provide inference of
practicable valua.

The composition and
configuration of land use/land
cover in the surrounding
landscape characterised at
multiple extents if the
appropriate extent is unknown

4. Define regional context

Spatial variation exhibited at progressively larger extents

a prion.
Local drivers ~ )
L ~
8. Produce effect maps, draw inferences Managemant ||
variables
+ Report and map
regional variation
-n"the ma;rgunal 5. Measure Iandscap-e Ievel
effects of key drivers
landscape-level
and local At extents

acological drivers appropriate to
on the ecosystem the phenomencn
response. in question

7. Specity appropriate
statistical models

+ Such ‘effect maps’ display geographic variation in

the effects of key drivers on ecosystem responses Use maodel selection 1o

and therefore identify where managemaent idntity important drivers 6. Assess limitations of the data
resources could be targeted, or where natural and scales Establish potential to modal

capital management can and cannot enhance hypothesised cross-scale
ecosystem responses. interactions

CAJamNBhdzit AyS 2F Iy FylFfteaOlf FNIYSH2N]l>Z 6KAOK S
aK2g K2g YR gKSNB (2 YIylI3aS yI| SdemETHOMBN dF £ & dzi

{LIoalf &alOlFIfS 2F SO2aeadSY YILLAYS3

Previous analysis of practcal applicatons has re
i nput data are obtained. This issue is partcular
or available only as coavseioacaal ear 63 (o flefs2002u2wo r
comparedbéasead eocobbsystem services, namely biomass
climate regul aton, and water quality regulaton wu
antd: 50,000 scales.
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The resultng individual and joint ecosystem seryv
changing the spatal scale of soil data Sin Itthe ec
(2022) reported that the three soil maps were e
averaged over 2t dier @h BdIWBLiOtOh karw er a el %.a | o ved wecrt
the maps at the 1:1,000,000 and 1: 250,000 introd
|l evel s over spatal untt g esmpalclteereltyhamhEB0G i anpd i TG
and spatal distributon of soils at the two coar s
l evel s ranging from several 10 to several 100 %.
valley), land use (agricultural @n3dAdzkNBT e adu tah cera
noted that it was not straightorward to select t
representaton of ecosystem services; the most ap
may vary between ecosystem services.
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$1000

$1000 MULﬂ N
A Service level
330712 | 0,53 Bl o-0:
0.2-04
$1000 04-06
06-08
330126 0,37 -
08-10
Average service level
0 1 2Km YSampe —
i | —
$250 MULTI
29 053
30 | 045 | Difference rate (%)
31037 | BB
%0 33 041 I s0--100
B -s0--20
102 | 048 B -40--60
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B s s
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60-80
80-100
S50 >100
Average difference level
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Joint supply
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AyLdzi RFEGEF 6A®SdE {mnnnX {HpnX {pn0d® al LI IuSuK&SW({lLSLHtESSD\éIQI;Ua oORBIINISBYR &

a2Af YFLI G GKAa &a0FtSeo allld Fi GKS AyGSNESOe2y ssm.BWSRbssmﬁguféoles
YILJA RSNAGSR FNRBY (KS &a&AAflKYHLINGG GKES aD0IK 1SS ANY ORX WA YWA &S ydzYoSNBR i
22wyl & 2NJ GKS F @SNIF 3SR dRIK S\NRy @35 SANS (iKSSS o KR{f Se 2BNofdRE &1 NI L) NRRIIK Go DSt &
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(a) Pedodiversity level (Shannon Index)

14 K&SdzABB S a8 s

51000 5250 MS50
Relief . Land use Municipality

2 50 I ' I I

2,00

1,50

1,00

0,50 I

0,001
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CAJamNB{ 2Af RAGSNERAGE oF0 FyR S02aeaitSYy aSNBAOS oAz2Yl
{mnnnI {Hpn FYR {pnv YR (GKS RAGSNByYI
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90248a08Y{ 88NBADSHADY
Pers8ihklef2023) ai med to develop and apply a broa

met hod for comprehensive ecosystem services mapp
PROSPER. The authors evaluatee thhesgemaemdsefr owce

events, recreaton, and coastal protecton) along
including ecological conditon of the EI, and app
i mportancecd yt.o Thos qresol uedni map lbifglEl perfor man

cumul at ve masperovfi cneu lpteprifeor mance creatsed viy ei nt eg
maps.

PROSPER comprised two main steps: 1, identfcaton
where does the service take place); and 2, quant
on causal relatonshipsn@i demanldowsmubdlerfkowerc apga
met hod used simple, additve indicator models of

on causal CkIwMI nTshheispes nffodel s are fexible becaus
variables (and components) depending on diferent
and can be easily adjusté&d. anh20 hdapted as needed

1. Create maps of El for nature-based recreational outdoor activities

Parking

. National and Recovery from . -
mm interations! international mm -'“‘-'“?”lb'l"‘f Waterquamy
Recreation Recreation Recreation
flow demand capacity

Facebook event Event

Protection Vulnerability ‘Wave exposure

participants participation

Media
attention demand sub-place sub-place

Facebook page Event AR e Community
followers frequency performance recovery potential
2. sports 2. Protection

Appeal performance performance households

g
Capability Extent
Recovery from Sports Protection flow| Overall .
al e = " . Kelp harvesting
and capacity disturbance

uonoajoid |BISE0D 40§ |3 0 sdew jeas) T

R disturbance capacity
arking
Accessibilit WD ezsikl
. i Eexposure disturbance
oads
- . Coastal
Water quality 3, Multiple- Capability e et

service
performance
| Legend

Ecological . Comporent . Variable . Indicator Single-service performance Multiple-service performance
Infrastructure

CAJadMBh ISNIBASG 2F twh{towd Ly adSLI mI YILA 2F 90
SIFOK S0232aiSY DSNBROJNSONBAGZ2YY I (| &NB R22mMJI | Oa OA o ¢
oFaSR aLRNIa S@Syida o0alLRNIaoT SINBPR A@T DALINE (1SN RS/
HE Y2RSfa o0laSR 2y Ol dzalt NBfla2yaKALRA | NB odzAf
SO fdzad 6GS GKS LISNF2NXIFYyOS 2F GKS YI LiLISRF 2 NY LI QOB & S
@It dzSa ' NB 02 Yo )& NIZZA OSS LASIRNERZ Novdzfy OS LISNJ 9L &aAd
AYRAOFGSEa GKFG GKS AYyRAOF(G2NJI A& R2dzof SR gKSy OF f
2T (KS GKNBS Ll2aarotsS [aLlsSoOla o6RSYOERENhRWE | YR

1. Create maps of El for nature-based sports events
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{2YS S0O2aealdSY aSNWBAOS YILIWAY3IAKkY2RStEftAy3d G22f &

Similar tools to PROSPER exi st t hat al so use con

exampl e: 1) I nVEST, which was designed to infornm
(Natur al Capi2)lt Pe of rcttf ci al I ntelligence for E
aimed to create dynamic models of ecosystem seryv
intelligence to infSairthihanadayemand @GRBatbetadEcosys
Tool”, mainly applied for European ecé&siygttem ser
2013). The availability of data, study context a
understanding of the modelled concept$Sirgéulted

2011:; SHichuR®P14SGiBpé2@ma) .
¢CKS Ly+9{¢ Y2RSt ®

| NVEISST a suitesowufsocfewae euepalret e map and value eco
serv$tcersf rd Universifily Nhtutoalol Sepi it alcl Rdejse dii s

models designed for terrestrial, freshwater, mar
“hel per tools” to assist with |l ocatng and proces
visual izs ngl oMEPT model s are spatally explicit,
producing maps as outputs. Il NnVEST returns resul't
seqguestered) or economic terms Carbpon)nefThprepa
resoluton of analyses is also fexible, allowing
scal es.

I nVEST model s are based on producton functons th
structure and functon are |ikely to afecbrthe fo
a seascape. The models ackbunhgfbabbboahssaesvbuaote
waves) and the | ocaton and actvites of peopl e wh
and infrastructure potentally afected by coast al
publ i sheldi plapare Wi stdeadt achnasae searchabl e

¢KS 1 wL9{ Y2RSt o

ARI'ES is an artfcially intelligent modeller rath
adopts a uniform conceptualizaton of ecosystem s
producton, fow and use by wsxddiyetly,w whniolueg hk eteop ienng
i nexpensive assessment in many contexts and for
applicaton contexts, the methodology is assisted
assembly of cusmoani greadwimog erhesddlr base. By using
reasoning, model structure may be specialized fo
expertse.

ARI ES chooses ecol ogi cal process model s where ap
process models do not exist or are inadequate. E
agents involved in the nat umrted sa cfiocew yn @ tnweerrka,c taom
the best possible models for each agent and conn
dynamic assessment of how nature provides beneft

1 Natural Capital Project, 2023. InVEST 3.14.0. Stanford University, University of Minnesota, Chinese Academy of Sciences,
The Nature Conservancy, World Wildlife Fund, Stockholm Resilience Centre and the Royal Swedish Academy of Sciences
https://storage.goodeapis.com/releases.naturalcapitalproject.org/invasterguide/latest/en/index.html
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https://naturalcapitalproject.stanford.edu/software/invest/invest-models
file:///D:/Users/PorterH/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/ZB4G11GU/(https:/naturalcapitalproject.stanford.edu/software/invest
https://purl.stanford.edu/bb284rg5424

evaluate and explore (gener al users with a web b

(specialised/skill ehlusners); it can be accessed
9{¢cLa'!t
The Ecosystem Services Mapping tool (ESTI MAP) i s
the mapping and modelling of ec®@ylsft2e0nm 3s)e.r vTihcee sm
objectve of ESTI MAP is to support EU policies wi
are provided and consumed. It runs a set of spat
foll owing indicators:
1. RemovabbyfurNdDan vegetaton (ton/ ha/year)
2.Capacity of ecosyskeewmsibo ddomensi onl ess ind
3.Coast al protecton capacity and demand (di men:
4 Water retenton index (di mensionless indicator
5.Pollinaton potent al (di mensionless indicator
6.Soi l retenton (ton/ hal/year)
7.Habitat quality based on common birds (di men:
8. Natdhmsed recreaton opportunity spectrum (sha
potent al and proximity)
9. Forest carbon potent al (percent change rel at\
Lb/ !
A Knowledge I nnovaton Project (KIP) on an Integr
services Accountng (I NCA) was set up by the Euro
i mpl ement an integrated accountsegisyshemEUQr ce mg
with SEEA (the ofcial standard of e&coyNDtMmM acco
Accountng) . | NCA includes the
T 902a8aidSY &aS8SBAKSt eld2 vshyaotl fecosystems can prov
whet her there is a use or not.
f 902aeaidSY &S NIHeSsoRR®PiYti YRsi de of ecosystem se
f 902a@aiSY aSNUWOEnl Ohedzr ecb@8ystem service pote
ecosystem service demand, a use is generated.
When the ecosystem service potental does not mat
di stnct types of mismatches are identfed:

T 'yYSi RSWé yRbsence of ecosystem able to pro
1 hdSNHz&&SYuse of the service which exceeds it
f aAdaadSRhe2@vap existng between what could be
efectvely provided.
The results of t heohNICHAaelptrhoojuegcht tahries atvoaoi Il awa se d e
purposes it also includes an assessment of the b
map Vv iCadanCR(IaiNB
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https://aries.integratedmodelling.org/get-started/
https://ecosystem-accounts.jrc.ec.europa.eu/

INCA Platform

Home About Publications ~ News Data Catalogue -~ Map Viewer

How ecosystem services are assessed in INCA

Ecological supply Socio-economic needs

0 0 0 O

Ecosystem Service use

1%

Match Mis-match

Glossary INCA Tool Contact Us

Ecosystem services map view?[

START .ﬁ!

Accounting tables

-- Select -

Complementary tables

-- Select -

EU supply and use tables

Download

INCA tool

Learn more

Ecosystem extent (EEA) ‘ - Selecl Ecosystem condition ‘  Selacl
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https://ecosystem-accounts.jrc.ec.europa.eu/
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nF¢2021) carried out a systematc review of

en 2008 and 2020) which revealed diverse te
nt the efectve use of ecosiyde etmhseavademicon
ut hors identfed two major constraints to th
of a common | anguage in the feld and the di
i psattaokre hoofl ders in ecosystem study design. TI
lity, paths for improvement are threefold:

stem services and use exi st nmgmankaipnsg;t o( 22)c hi e
oping generic indicators customizable to 1| o
pping methods.

vocated in the FAI R Data Principles, scient
operable, abdi. RE0salieBEAWORR) Nsoggest that
ng methods and tools should follow similar
promote the operatonal, consistent, and re
se that hWewvatl vodpd mme We bc odllaat orm to col l ect e
f the waysuctho amopv e tfoarnwawodi.l dS not only incr
ce mapping outputs to decision and pol i cyma
where ecosystem service assessmemapsare ne
courage scientfc collaboraton.

dzaA2ya IyR NBO2YYSYyRlIoa2Vya

S @S apa DSw

ils are fundamental to the delivery of all
ovisioning services (source of raw materi al
g. climate, food regul aton. ,orarpaghaenltogn od
chive, aesthetc or recreaton) and 4) suppor
d interacton of diferent soil propertes (e.
d hydrologi cal r eqgfi med o d yndftueem cseesr vtihcee st ytpheast
ovide. Land management, climatc and site fz¢
i propertes to further infuence the provi:
ere are several internatonal typologies of
ternaton Classifcaton of Ecosystem Services
CES ecosystem services ar e quainlt fraebll ayt ecd nit fr
soils and their propertes, processes and f
rvices defne8ili(RfOteNe CldemS$feRa®l9 classes (
i rel at ed. Al t hoewgmh,ott hen cGlu@ES adef msiotidn rde
veral authors have outlined frameworks to |
| ate inherent (e.g. soil texture, depth, st
nd cover) soil propertesatwirt cysdilhgproead:
ivers (e.g., |l and use, climate, farming pr:
ya az2if S02a8adSY aASNWAOSa

ps facilitate decision making by providing
formaton through visual representaton and
d problem identfcaton. They ar essdamni mgadrht a
akehol ders enabling visualisaton of where

1N — Fal)

52



Mapping of ecosystems services gained promi ne
Strategy to 2020 (EU, 2011), which establ i she

bet ween ecosystememiandsgotcems. To efiemgtvely s
maps should be robust, transp&iientf2ahb) staket
T Mapping ecosystem services facilitates an unict

is provided but the spatal distributon of t ha
ecosystem services arneakpirnogv i(deerd@ luapelmagn tiion ¢gdfee |

exploitaton of services, in ecosystem valuat c
determine synefrgilket menaln te@asystem services.
1T Mapping approaches have been grouped into fve
linking ecosystem services values to | and co\
knowl edge of <causal relatonshipd)bekweapobat
from primary data such as fel d s uercvoelyosgiacnadl 5)
system models. The frst two methods are most

provide an overview of eocao saybssteennt es)e.r viinc ecso n(ter.
met hods may be able to produce maps with a gi

data availability).

5+ 0FaSaa

T As part of this project meta data relatng to
to soil functons and ecosystem services were
The spreadsheets described eaclndathds dti .ienc It
soil data), spatal extent and resoluton, rele
useability, met hodol ogy, l i mitatons, f or mat P>
1T Details for >70 potent al UK data sources wer ¢
Observatory, the Land I nformaton System (Lanc
Dat aMapWal es. In additonQ 6MetEardpteanr ¢If atomg t t
Soi l Database) and gl obal sources (e.g. har m
informaton service) have been collated. The ¢

which could potentaménpt bef usedsy st éemedarwiet @ |
provide data on the services themselves.
w8O02YYSYRI a2y 4

The following factors should be considered when
1.¢KS LINAYFNE LIzNINRa®pS 22F el ka$h Yelfldi ent way to co
that wvaries spatally. Detailed or more compl e
map that is intended to give a general overvi
(e.g. peabsedaace) wil/l need much | ess detail

i mpact of a specifc management measure on ec(
2.al LA Y3 YS(OKZ2Rz2t 2b38 ad categories of mapping
the literature (foanGbBEMiNBetails see Secton
i . The |l ookup table. A simple and widely use
services to geographic informaton. The mo
be used as proxies for the supply of (or
exaepbf a | ookup table approach would be
statstcs such as crop yield for ag®@icultu
an@A AdiNB
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ii . Expert knowledge. Approaches, that mainly
estmates of ecosystem values in | ookup ta
Del phi surveys (an iteratve multstage pro
group consensus) .

iiiCausal relatonships. An approach t-hat est
known relatonships between services and s
statstcs. For example, tmber producton ca
statstiter éotr a@ieas, elevatons and forest

nventory.

i v.Extrapolaton from primary data. Approache
extrapolated from primary data such as fe
V. Quanttatve regeesboghncahdsgoicém model s. A
combine feld data of ecosystem services a
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the |-Bdktef daehi aPlF eumapd tdatmamrpr mvies
es, e.g., food or fbre supply whereas I
ely on proxies for their quantfcaton. \
s these s heoutlathdide skrda seend facn eweldlence and
n
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I.
be
i C

r
i e
e the proxy and the service or functon
ctons that predict secondary soil proper:t
r appl i camiglsi tsyh oiun ds phbeec iafscsessesed ( many wi
r specifc soil or environmental conditon:¢
efne Iinks between functons and services,
cekdhgoesd. The minimum reliability, accuracy
|l d be determined.

SY R dzia SNXHT h2eF clokn®p |YelxLdt y of the map shoul d
ehol ders that wild.l be -deshgnéeddemapsoamdt
rfaces ensure that maps are easy to inter
aiolnsf wnrc ecosystem services. For exampl e,
uced by Smith and Dunford (2018), | argel
nstrate the provision ofSecOag@iBdmBer vi
more detail s).
a0ItS YR 3IS2INITHhKAGel Blt o T o K& nYlalppr op
rtant because soil functons and ecosysterl
of the map (i.e., the queston it is int.e
em gs emawipceeda ,benvidn |l determine the geogra
feld or far m, through to administratve ar
|l obal coverage. Itn oafd dtihteo nma pt oi tt hies seplastoa |
ppropriate scale. A coarse scale dataset
a fner resoluton may be appropriate at ¢t
h the scwadamrt ade wihsichins edere made; fne scal
hanges in | and management at a | ocal scal
use in natonal | and use pol iocfys dbeectiwseieonn I
esacyaaoadr feasibilit$il. FORPO22pmpodmpaiSed mine
d ecosystem services using three soil ma |
es to examine the efects of changing the
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.9023a8a0SY adzanZKSYWRYIRIGMAYWR a2rf SO02aeaisSy as

ASNDAOS LINRPOA&AZY

YR GKS tS@gSt 2F aSNBAOSa |

F2N) K2 aBo A SNV mSiaed),  BoO15) st epd mappomg appr oa

assess noise absorpton of green infrastructur
type of green infrastructure, 2) quantfy the
green i nfrasttfryu cdteurraen,d 3f)ori dneonn se abatement an

demand was met or

not melt. HA@DArIwNE e det ail s

.WSIljdZANBYSyYy (i A2MNadeloil iStrAe/Brdesent s the inital

provision. 't prov
monitored over the
t heseblai ne coul d be

ides a startng point agai ns
short or |l ong term or agai
based on past data to iden

.LYUSNI Os2ya 0S09SSy S.O2Ma@siti Sercio 2\Nd taeemd cFadzy Obe

one ecosystem serv

i ce. However, i n some situe

simultaneous| yofrseswhitcnhg ciann tcrhaadnege t he type,
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