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Ecosystem«services of-urban solls

TheMillennium EcosystenAssessmenfMEA,20095 providedthe first generalframeworkfor describingecosystem
servicesdefined as dthe capacityof natural processeand componentso provide goodsand serviceghat satisfy

human needs,directly or indirectly€ (De Groot et al., 2002, or thenefits people obtain from ecosystems (MEA,
2005).

Ecosystenprovidesa wide rangeof goodsand servicedo the benefitsof humankind (Costanzaet al., 1997, MEA,
2005. Thereis now broadagreementhow theseservicesare to be groupedandclassified

Various definitions
“...the benefits people obtain from ecosystems” (MA, 2005: 27)

...components of nature, directly enjoyed, consumed, or used to yield human
wellbeing” (Boyd and Banzhaf, 2007: 619)

...the aspects of ecosystems utilized (actively or passively) to produce human

wellbeing” (Fisher et al., 2009: 645) ﬁgg:; STnee:\:ltiIlennium

“

enc =
uman well-being. From 2001 to 2005, the MA
involved the work of more than 1,360 experts

Various classifications B e ik fulvorue g s

* Pre-MA*: (Daily, 1997; Costanza et al., 1997; de Groot et al., 2002) .

« MA*: (MEA, 2005)

* Post-MA*: (Boyd and Banzhaf, 2007; Wallace, 2007; Fisher et al., 2009) oo bt eesme!
) Condgis Ntionoler el Rioonihe W W\
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Ecosystem:senvices of-urban/soil

. : ' Built
The cascade model. Credit: Haines-Young and Potschin Social = I
Capital | Capita

Environment The Social and Economic System ‘ ‘
Human .

Supporting or Final Goods and Benefits el
intermediate services services Natural Ecosystem
Ca p| tal Services
Bit:ph:stfsical The‘production boundary’
structure
or process { P .
( S ‘ All definitions stress the link
€.g. woodian Function
e ecqsow (Ml between (natural) ecosystemsand
net primary = . .
productivity) passage sevie Al human wellbeing, and the services
of water, or ervice _ o A
biomass) (e.flood encit ) are the W 0 NJb&wesrihe human
profection ot world and the natural world, with
harvestable (e.g. contribution Value ] ]
Limit pressures products to ascpects of only humans being virtually
C ll-being such i
via policy action? heathandsafery | (oS moressopey | separatedfrom that naturalworld
l or for more woodland,
or harvestable products)
Y Pressures — —— HainesYoung, R., &otschin M. (2010).

The links between biodiversity, ecosystem
CICES services and human webeing.Ecosystem
Ecology: a new synthesik10139.

e,
@Consiglio Nazionale delle Ricerche ) ) ) ] f&[»\)
Istituto per la BioEconomia 7t BiogharScheo2202% Turin Italy, Octolber19th-20th - Biodgharand the @ity ../



Ecosystem«services of-urban solls

The 2005 Millennium EcosystemAssessmenigrouped ecosystemservicesinto

four categoiies

C Provisioningservices direct or indirect food for humans,freshwater, wood,
fiber, andfuel;

C Regulating services regulation of gas and water, climate, floods, erosion,
biologicalprocessesuchaspollinationanddiseases

C Supportingservices nutrient cycling,production,habitat, biodiversity,

C Culturalservices aesthetic,spiritual,educationalandrecreational

v @ L @ o .
UNEP N0 43 MILLENNIUM ECOSYSTEM ASSESSMENT
, [114]] I_:._I:m 4 g b o -::‘_E'; r : ”-"::N ﬁ%’# Home | About | Reports | Mewsroom | Resources | Contacts | Sitemap
g rrl. _" e % CMS
http://www.millenniumassessment.org/en/index.html Guide to the Millennium Assessment Reports

i Nt
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Ecosystem«services of-urban/soills

The CICES (Common International Classification of
Ecosystentervicesklassificationrecognizerovisioning
regulating and cultural services but it doesnot coverthe
so-calledsupportingserviceoriginallydefinedin the MA.

The supporting services are treated as part of the
underlying structures, process and functions that
characterize ecosystems Since they are only indirectly
consumedor used and may simultaneouslyfacilitate the
output of manyW ¥ 2 ydx{ {LItzimscOiSideredthat they
were best dealt with in environmentalaccounts,in other

Section Division Group
Provisioning |Nutrition Biomass
Water
Materials Biomass, fibre
Water
Energy Biomass-based energy sources

Mechanical energy

Regulation &

Mediation of waste, toxics and other nuisances

Mediation by biota

Mediation by ecosystems

Mediation of flows

Mass flows

Liquid flows

Gaseous / air flows

Maintenance of physical, chemical, biological
conditions

Lifecycle maintenance, habitat and
gene pool protection

Pest and disease control

Soil formation and composition

Water conditions

Atmospheric composition and
climate regulation

Cultural

Physical and intellectual interactions with biota,
ecosystems, and land-/seascapes [environmental
settings]

Physical and experiential
interactions

Intellectual and representative
interactions

Spiritual, symbolic and other interactions with
biota, ecosystems, and land-/seascapes
[environmental settings]

Spiritual and/or emblematic

Other cultural outputs

ways
Section
Division m m E
5 e
e
T

http://www.cices.eu o €
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Ecosystem«services of-urban solls

C Ecosystem services (ES) are the
benefits people obtain from ecosystems
(MEA,2005

C ESgsesearchis currently focusingmore
and more on (agricultura) soils but few
studies have focussed on the linkages
between solil properties and ESprovision
and the use of soil data has been often
minimal (Adhikari& Hartemink 2016

C Soilis still an overlooked component
In ESs studiesas well as in policy level
decisions(Hewit et al., 2015 despitethe
centrality of its role in ESssupply(Greiner
etal., 2017)

/ SOIL (Natural/_, .., Capital) \

Characteristics and properties:
depth, slope, aspect,
Texture (sand, silt, clay),
stoniness,

Soil organic matter,
structure,

Bulk density,
porosity, water retention

Hydraulic conductivity,
fertility, ....

.

/

N/

EXTERNALCONTROLS

\
Natural <‘;
(Climate, geology, topography...)
Anthropic
(Land use,

PROCESSES
Water cycle
Nutrients cycles
Biological activity
Aggregate formation

Gas exchange

8

FUNCTIONS
Support human activities
Habitat and biodiversity
Fluxes regulation
C sequestation
:> Storage H,0
Food and fibers
Raw materials

\ Agricultural management, ...) /

—

ﬂCOSYSTEM SERVICES\

(benefits to human populations)
Provisioning
Supporting, Regulating
Cultural

|

BENEFITS
Food security
Environmental quality
Social stability
Geo-hydrological
protection

Urban quality
Well-being

. /

{——) processes
{===) controls
&) fluxes

¢ Fewevaluationschemedailored on soilsare availablewhich considersoil characteristicsexplicitly (Adhikariand
Hartemink 2016 Calzolaret al., 2016 Hewitt et al., 2015 Greineret al., 2018 Vogelet al., 2019.

@ Consiglio Nazionale delle Ricerche
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Ecosystem«services of-urban solls

Other driving forces

Natural and human

Societal

response

<

+

i

Land management

Agronomic, vegetative, structural,
and management measures, and
approaches for their implementation

Soil threat

« Erosion

+ Salinization

+ Compaction

« Sealing

+ Desertification

* Floods and
landslides

» Decline in organic
matter

« Contamination
» Decline in soil
biodiversity

,
Properties of the
natural capital

Inherent and
manageable
properties of

Soil

Water
Vegetation
Animals

Soil process

» Soil structure
maintenance

+ Organic matter
cycling
« Nutrient cycling

* lon retention and
exchange

= Water cycling

» Gas cycling

+ Soil biological
cycles

—_— -

Ecosystem

Decision- and policymaking

by land users, businesses, institutions,
policymakers, wider public and society

r =3 e B
Ecosystem service Benefit Value
Provisioning E.g. E.g.
« Food/fibre « Use value

Regulating and
maintenance

Cultural

» Drinking water

| * Hazard regulation

« Biodiversity

» Recreation/
tourism

» Health and
well-being

* Inspiration
and spiritual
experience

» Non-use value
« Individual value
« Social value

ﬁ

ﬁ

umanwell-being

@ Consiglio Nazionale delle Ricerche
Istituto per la BioEconomia

Ecosystem service framework for
RECARE. Reprinted from Ecological
Indicators, Vol. 67Schwilchet al.,
Operationalizing ecosystem services
for the mitigation of soil threats: A
proposed framework, 586697, 2016,

(Schwitchet al., 2018)
fmﬁ
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Ecosystem«services of-urban solls

C Theexplicitassessmendf soikbasedecosystenservicesandtheir
mapping has recently gained more relevance,in order to increase
awarenesn the importanceof soil functions and related service:
andto highlighttheir valueto society(vander Meulen and Maring,
2018).

o]
o

20

Number of papers

L PO N D DN

o A D O
SO OO

C Thisis mostlydue to the recognitionof their capacityto trap and PRy
StOCkgreenhOUSQased:rom the atmosphere ’mltlga‘tlngthe eﬁeCtS Number of papers published bemee:\iggﬁi;ﬂi;bﬁ;us(i:g(t];le:ea::h ;trmir;;so?l;nd
of climatechange(Ontland Schulte 2012 Singh2018). eossiem senees

80

C Neverthelessasfor ecosystenservicedn the urbanenvironment,
Haaseet al. (2014 reportthat & I K iSaNadskof both historicstudies =

and future-oriented studiessystematicallyanalysinghe dynamicsof

Urban Ecosystem{ S NJJ AaQdSia &>recent meta-analysis of

publishedliterature on urban ecosystemservicesfrom six different 22

research perspectives (i.e. ecology, governance, methods, I I
economics,society, planning),not a singlereferenceto soll basec o a, E m m o=
ecosystenservicess mentioned(Luederitzet al., 2015). mence Oceana Anere

https://doi.org/10.1016/j.geoderma.2021.11507 6wr, C

%
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Ecosystem«services of-urban solls

Share of the population living in urban areas, 2050
Share of the total population living in urban areas, with UN urbanization projections to 2050

s - C The expansion of urban areas worldwide is
57 ’- B Increasingthe anthropogenicimpact upon soil and
highlights the important role of urban areas in
supportinga sustainablguture.

C As such, urban soils are becoming more

Important in the delivery of a broad range of

ecosystemservices(ESs)jncluding carbon storage

and climate regulation, biomassprovisionfor food

o 0% % 0w 0w s e e e son on - aNd water flow [egulation,andrecreationalbenefits
(h Qw A 2N\IR 2097)).

Irban areas are defined based on national definitions which can vary by country.

Source: OWID based on UN World Urbanization Prospects 2018 and historical sources (see Sources)
orldinData.org/urbanization - CC BY

C The contribution of urban soilsto human well-beingin terms of provision of ecosystemservices is largely
unknown and very rarely accountedfor in urban planning to enhancethe sustainabledevelopmentof urban
ecosystem (Morel et al.,, 2014) and although fundamentalsoll is considereda secondarycompartmentbeyond

vegetation P
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Ecosystem:senvices of-urban solls

Vegetated pseudo-natural Vegetated engineered Dumping sites Bare
= i i . Urbansoilsare all soilslocatedwithin urbanareas

Urban soils are included within  SUITMA (Soils of
Urban, Industrial, Traffic,Mining and Military Areas),
defined as soils strongly modified by human
activities with drastic changesin composition and
function, though in urban areas, they can include
both highlytransformed soils and pseudcenatural
soils(Morel et al., 2015).

Luvisol Cambisol Anthrosol Constructed Technosol Technosol Technosol Paved Sealed
urban forest urban horticulture Technosol Green roof Brownfield Decantation Technosol Technosol

agriculture pond

Decreasing potential

Auttps://doi.org/10.1080/00380768.2015.1054982

Urban soils arel@aracterized by:

C An extreme vertical and horizontal variability

C A more or less pronounced degree of disturbance

C The presence of allochthonous (soil) material and/or human arti
C A variable amount of diverse contaminants

C A variable degree of surface sealing (0 to 100%)

@ Consiglio Nazionale delle Ricerche
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ystemeservices of-urban/soils

Urban areas’ context

- urban population is increasing

- commodities to feed populationare
imported
(Eigenbrod & Gruda, 2015)

- urban heat island effect

- greenhouse gas
(Jenerstte et al, 2011; Pouyat et al.,
2007)

- number of inhabitants
(Grelie et al, 2006)

- roadtraffic

- heat buildings
- nowind
(UNEP, 2012)

- human activities
- notenough green andblue corridors
(Clergeau, 2012)

- industrialactivities
- human activities: pesticides, cleaners
(Al-Hosnawi et al., 2016)

- human activities
- insensitive inhabitants
(Clergeau, 2012)

local climate
- lowpermeability of urbansoils
(Craul, 1892; Pataki et al,, 2011)

health care
environment (climate, pollution, etc.)
(Aschon-teygonie et al, 2015)

—

—

>

——>IFood dependency

——>|Local climate ‘@

|5 |Preservation of _i
biodiversity

—>{Pollution —&/R

[Environment A

—>INatural risks

—>{Health risks +

Environmental issueq
in urban areas

-
5

F

Water availability e

ir quaiity Sy pang

awareness i

Intensity of linkages between ecosystem =—p Strong

services and urban environmental issues

Linksbetweenecosystem servicgaovidedby urbansoilsand majorenvironmetalissuesn urbanareas

@ Consiglio Nazionale delle Ricerche
Istituto per la BioEconomia

—

Medium

Ecosystem services
in urban areas

Provisioning services
Food
Support for human activities
Support for human infrastructures
Support for animals habitat
Fiber and raw materials
Energy
Ornamental resources
Water
Biochemical products and
medicinal resources

Regulating services
Air quality regulation
Climate regulation

Waste treatment

Water purification

Noise attenuation
Natural hazard mitigation

Cultural services

Heritage conservation
Leisure

(Anne et al., 2018).

Aswith nonurbansoils,urban soilsprovide
ecosystemservices Becauseof the close
proximity of urban soilswith densehuman
populations,the importance of ecosystem
services is especially magnified for
services and

(managed) regulating
(managedxulturalservices

7t BiodgharSchao22023: Turin ltaly, October19th-20th - Biodharand the @iy



ystemeservices of-urban/soils

40% evapotranspiration 30% evapotranspiration

10%
runoff

lzn? shallow
25% deep
infiltration
Natural Ground Cover 75%-100% Impervious Cover

Seale®3.9%
(200320 ha)

@ Consiglio Nazionale delle Ricerche
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OPerc Urb onl
+ Phi RP 20yrs
14 - 2003 o
13.4%.
12 -
= 10 - ot
w
s .
s 8. * 1976
< 6.76%
3
2
=] 6 -
* >
4 ¢ 1954
2.54%
1861
2 | 150% I
1 31 61 91 121

Unsealed soil -
I 0.050 -
[ 0300
@ o.700
o979
[Jogst
[1o0.987
[Jo.9s7
[Doos7
EHo0991 s
B 0994 .§

#

(3770 ha)

4 Sealedl6,5% g 901

4 074

Runoff coefficent, Phi (-)

I 0.3700 - 0.6100
I 0.6100 - 1.0000

Unsealed soil
Bl 0.050
B 0.300
[ 0.700
[ Joog79
[ Jo.9s1
[ Jo.ogs7
[Jo0.987
[ o0.087

B 0.094 Sealed49,5%
{=5: (2817 ha)




Ecosystem«services of-urban solls

LI
0 1 5 10 20 30 40 50 75 100 110 120 130 140 150 175 200 250 300 400 500

[

0 1 5 10 20 30 40 50 75 100 110 120 130 140 150 175 200 250 300 400 500

Cumulatedainfall 1st-18th May 2023

https://allertameteo.regione.emilizomagna.it/aggiornamenti/asset_publisher/Nb5jHes0zyRI/blog/id/2302643

@ Consiglio Nazionale delle Ricerche
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Ecosystemcservices ofcurbanisoils — §SA4LIFF £V3

SAVE OUR SOIL FOR LIFE

Guidelines for assessing soil ecosystem services in urban environment

Prior knowledge of soils, of their properties and distribution in spaceis SOSALIFE 3 -
requiredto assessndeventuallymaptheir ecosystenservicesDependingpn 7
the goal of the investigationand on resourcesavailability,the necessarysoil
data canresult from ad hocurban soil surveysor from existingsoil databases
andmaps

Threeapproachesre possibledependingon resourcesand data availability

1. Ad hoc solil survey: samplirg analyses> mapping> ESs assessment

2. Use existing soil data base and maps (vector format): benchmarksoil

profilesandanalyticaldata-> ESsassessment -

3. Use existing soil properties/functions maps (raster format) -> ESs fafSSs
assessment J_.’!.] gzti:::ig:ffor assessing soil
In all casessoil data are at the baseof the assessmenaind theseare usedto |1 ieiiisskiiit
build indicatorsof ecosystenservicepotential provision ' management

Furthermore,the approachmust be coherentwith the scaleof investigation hps:/imww.sos4life.it/en/documents/

andimplementation P
@ Consiglio Nazionale delle Ricerche . . . . \ R.;;L‘r»
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Ecosystem«services of-urban solls

Variousauthorstried to identify biotic and abiotic characteristicsthat are correlated,or at leastare thoughtto be
correlated, with soil functions and servicesof interest Thesecharacteristicsare generallyreferred to via several
terms, like "indicatorvariables, "indicators, "metrics', or "proxiest

In principle,indicatorsshouldsatisfya numberof criteria, suchasbeingeasilyquantified andrespondingto change
In a predictable manner. Indicatorsthat meet these conditions are believedto afford reliable information with
whichone canassesfiow soilfunctionsandservicesare likelyto varyin spaceandtime.

In many casethe use of indicators representthe only viable option. Their robustnessdepend on a number of
factors the data (properties)usedto build the indicators,the functional link between propertiesand processes
andthe relevanceof a (setof) processés) in describing a (set of) function(s) Soilindicators must rely on soil data
(despitethe hugeamountof publishedliterature in whichthis is just not the case!)

Expertknowledgeanddialoguewith stakeholdersmustassistthis stepwiseprocedure

Realdata availability, objects goalsand scaleof implementationof the ESframework are againkey issuesalong
with the kind of functions/servicesonsidered

@Consiglio Nazionale delle Ricerche . - . . ‘; & » \)
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Ecosystem«services of-urban solls

Soil properties
Soilstocks- SNC

Bulk density
Capabilityclass
Claycontent
CEC
Depth
Ksat
OrganicC
Peatlayer
pH
RETC
Sandcontent

@ Consiglio Nazionale delle Ricerche
Istituto per la BioEconomia

Seil Indicator

(soil processe}

Potentialhabitall
for soil organism

CEC
Soilreaction
Rootingdepth

Soilevaporation

potential
C sstock

CsequestrPot. -

Landcapability
map

Soilbearing
capacity

Infiltration
capacity

WC@FC
Presenceof WT

Soilfunction?
(output of processe}

Biodiversitypool

Storing,filtering and
transformingnutrients,
substanceand water

Storing,filtering and
transformingnutrients,
substanceand water

Carbonpool

Biomasgproduction

Physicalnd cultural
environment

Storing,filtering and
transformingnutrients,
substanceand water

Storing,filtering and
transformingnutrients,
substanceand water

Soil contribution
to ES®

Habitat
for soil organisms

Nutrient and pollutant
retention andrelease
Naturalattenuation

Microclimate
regulation

C stockdctual
Cseguestration(pot.)

Foodprovision

Supportinghuman
activitiesand
infrastructure

Water regulation
Runoffflood control

Water regulation
Water storage

ESs
categories
1.BIO
Regulating

2.BUF
Regulating

3.CLI
Regulating

4.CST.&CSP
Regulating

5.PRO
Provisioning

6.SUP
Provisioning

7WAR
Regulating

8.WAS
Regulating
Provisioning

Goalof this frameworkis
estimating the potential
contribution of soils to
the potential supply of
ESsand to comparethe
potentiality of different
soilsto supportland and
urban planning and
assess the impact of
urban sprawl on soil ESs

supply



. Code . o . . .

Ritenzione e rilascio dei  Riserva, filtraggio e Corg%
Regulating 22.1.1 nutrienti e degli inquinanti trasformazione delle CEC Clay % BUF
2.3.3.2 Capacita depurativa sostanze nutritive e Soil pH pH
(potenziale) RSttt Ql Olj dzt Skel%

. 2.1.1.2 . Actual C Corg%
Regulating 2332 Carbon stock (potential) Carbon pool sequestration Bulk density CST
. 22.1.1 Riduzione delle perdite di . . RUSLEactorsC, K,
Regulating 2213 suolo per erosione idrica Support to vegetation Actual erosion LS. R ERSPRO

Biomasgroduction
(food)

Provisioning 1111 Food provision (potential) Soilcabilitymap LCC éntegrades PRO

Biomasgrovision NDVImean2015

Provisioning 1.1.1.x Biomassroduction NDVI (Landsat 8) BIOMASS

115x (potential) 2020
Water regulation runoff Riserva, f||t.ragg|o €
. trasformazione delle o .. Ksat(mm/h)

Regulating 22.13 and flood control " Infiltration capacity : WAR

(potential) §o§tanze nutrlyve e Psj, (cm)

. RSt t QF Olj dzt

Riserva, filtraggio e

Requlating(Provisioning) 2.2.1.3 Water regulation; water  trasformazione delle Watercontentat Fieldcapacity WAS

(4.2.2.2)  storage (potential) sostanze nutritive e field capacity (-33kP3
RSttt Ql Ol dzf

. . . . o . Habitat (potential) QBSar
Regulating 2.2.2.3 Habitat for soibbrganisms Biodiversitypool for soilorganisms ~ CovariateDSM BIO

@ Consiglio Nazionale delle Ricerche
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Ecosystem«services of-urban solls

Input data Indicators calculation

CECdmoldkg) asfunctionof OC (%) and clay (¢ BUR; = Log CSC (psK)o;

CEC =6.332 +0.404 clay + 1.690 GG QR5) With pH<6.5eductionby 0.25 or 0.5lependingon CEC and by 0.25 fekel >30%
pH

Coarsdragmentscontent, sk (%) With shallowwater table depth (WT) < 30 cm

Shallowwater table depth, WT (cm) BUR; = Log CSC (pbK)o.,*"WT/30

Organi carbon, OC (%)

Bulk density, BD (Mg )
Potential soil erosion (Mg hayt)
Actual soil erosion(Mg hay1)

Capability class andtergrades LCC class scalingXp

ST

CSE, = log [OC * BD * (8K)},

ERSPRO Standardization () Logl0 (Potential erosiamactual erosion)

=Jenviaesis NDVI (Normaized Difference Vegetation Index Standardization (1) NDVIrheanof 20152020medianvaluey

Saturatechydraulicconductivity Ksat(mmtr?) . -
Air entry potentialPSleg(cm) WAR,, = logKsag;b t {ot S

Fieldcapactity(-33 kPg, WCFGvol/vol)
Averageshallowwater table depth, WT(cm)
Sk coarsefragments(@>2 mm, vol/ vol)

QB&
Covariatedor Digital Soil Mapping

A

WAS ;= (WGcF Mg, &Tdepth> 100 cm, and
WAS,, = (WGc* 1-sk)*WT/100 with WTdepth <100 cm

DSMapproach(Quantile Randonfrores)

Bl 00-0.1

N 01-02

All'indicators, with the exception of PRO, are rescaled to the 0-1 interval with the following: = ¢2-02
Xi 0-1~ (Xi - Xmin)/(xmax - Xmin) 3235

o oo

Bl 09-1.0
@ Consiglio Nazionale delle Ricerche
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ystemeservices of-urban/soils

LCGasa proxy for PRO (food production; update 2023)
_tcc | projey || tcc [ Profey [ ]| icc [ profen | [ Lcc | PROJo1] |

s 1000 A 0.538 IV/VIIVI 0.314 Vil 0.400
0.936 NIV 0538 v 0.429 VIV 0.366
0.885 WAV 0.404 Vi1 0.686 VIZIVIE 0300
0.871 WAV 0.438 Vil 0.621 VIV 0.336
0.743 vl 0.457 VIVI 0.364 VIIVVIL  0.252
0.679 WAV 0.423 VVIII 0.236 VIV 0.207
P oss? AV 0.357 Vi 0.286 VIV 0.323
0.921 vl 0.393 vl 0.543 VIVIVIL  0.157
0.793 vV 0.376 Vil 0.479 VIV 0.079
0.742 v 0571 Vi 0.561 VIVIIIL 0.228
0.676 VI 0.700 Y, 0.495 VIVIIVE - 0.128
0.729 VA 0.699 VIV 0.395 VIl 0.000
0.728 VIV 0.599 VIIVIE 0.362 Vi 0.321
0.628 VIl 0.636 VIV 0.414 Vi 0.371
0.664 VI 0.685 VIV 0.547 VIV 0.304
0.600 VAV 0552 VIV 0.480 Vil 0.257
B o VIV 0.507 VIIVIVII 0.347 VIIIVVI 0.257
0.843 IV/VI 0.443 VIIVVIL  0.314 VIV 0.129
0.779 IV/VII 0.576 VNI 0.338 VIV 0.262
0.728 VAVl 0.509 VIVIIV  0.304 VIIVIIV — 0.228
0.661 IVVIVIE 0.376 VIVIVIE 0.171 VIIVIVIE  0.128
0.650 IVVIVIL  0.343 VIVl 0.157 VIV 0.064
0.566 IVVII 0.379 VINVIIIE 0.290 VIV 0.214
0533 IVVIII 0.314 VIV 0.257 VIIVIIV - 0.181
0.521 VI 0.414 Vil 0.143 VIIVIVI - 0.114
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ystemesservices of urban soils SOSALIFE Y3

Assessing and mapping SESs in urban environment using regional soil data bases (soil benchmatrl
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Elevation 34 m s.l.m.

Area 228,2 km?2
Inhabitants 117 978 (310-2019)
Pop. Density 516,99 ab./km?
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