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Ecosystem services of urban soils
TheMillenniumEcosystemAssessment(MEA,2005) providedthe first generalframeworkfor describingecosystem
services,definedasάthe capacityof natural processesand componentsto providegoodsand servicesthat satisfy
human needs,directly or indirectlyέ(De Groot et al., 2002), or άbenefitspeopleobtain from ecosystemsέ(MEA,
2005).

Ecosystemprovidesa wide rangeof goodsandservicesto the benefitsof human-kind (Costanzaet al., 1997; MEA,
2005). Thereisnow broadagreementhow theseservicesareto begroupedandclassified.

https://www.millenniumassessment
.org/en/index.html
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Haines-Young, R., & Potschin, M. (2010). 
The links between biodiversity, ecosystem 
services and human well-being. Ecosystem 
Ecology: a new synthesis, 110-139.

All definitions stress the link
between (natural) ecosystemsand
human wellbeing, and the services
are theΨōǊƛŘƎŜΩbetween the human
world and the natural world, with
only humans being virtually
separatedfrom that naturalworld
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The 2005 Millennium EcosystemAssessmentgrouped ecosystemservicesinto
four categories:
ÇProvisioningservices: direct or indirect food for humans,freshwater, wood,

fiber, andfuel;
ÇRegulating services: regulation of gas and water, climate, floods, erosion,

biologicalprocessessuchaspollinationanddiseases;
ÇSupportingservices: nutrient cycling,production,habitat,biodiversity;
ÇCulturalservices: aesthetic,spiritual,educationalandrecreational.

http://www.millenniumassessment.org/en/index.html
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The CICES (Common International Classification of
EcosystemServices)classificationrecognizesprovisioning,
regulatingand cultural services, but it doesnot cover the
so-calledsupportingservicesoriginallydefinedin the MA.

The supporting services are treated as part of the
underlying structures, process and functions that
characterizeecosystems. Since they are only indirectly
consumedor used and may simultaneouslyfacilitate the
output of manyΨŦƛƴŀƭƻǳǘǇǳǘǎΩΣit wasconsideredthat they
were best dealt with in environmentalaccounts,in other
ways.
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Ç Ecosystem services (ESs) are the
benefits people obtain from ecosystems
(MEA,2005)

Ç ESs research is currently focusing more 
and more on (agricultural) soils but few 
studies have focussed on the linkages 
between soil properties and ES provision 
and the use of soil data has been often 
minimal (Adhikari & Hartemink, 2016)

Ç Soil is still an overlooked component 
in ESs  studies as well as in policy level 
decisions (Hewit et al., 2015) despite the 
centrality of its role in ESs supply (Greiner 
et al., 2017)

Ç Few evaluation schemes tailored on soils are available which consider soil characteristics explicitly (Adhikari and 
Hartemink, 2016; Calzolari et al., 2016; Hewitt et al., 2015; Greiner et al., 2018; Vogel et al., 2019).

Ecosystem services of urban soils
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(Schwitch et al., 2018)

Ecosystem service framework for 
RECARE. Reprinted from Ecological 
Indicators, Vol. 67, Schwilchet al., 
Operationalizing ecosystem services 
for the mitigation of soil threats: A 
proposed framework, 586ς597, 2016, 
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Ç Theexplicitassessmentof soil-basedecosystemservicesandtheir
mappinghas recently gainedmore relevance,in order to increase
awarenesson the importanceof soil functionsand related services
and to highlight their valueto society(vander Meulen and Maring,
2018).

ÇThisis mostlydue to the recognitionof their capacityto trap and
stockgreenhousegasesfrom the atmosphere,mitigatingthe effects
of climatechange(Ontl andSchulte,2012; Singh,2018).

ÇNevertheless,asfor ecosystemservicesin the urbanenvironment,
Haaseet al. (2014) report thatάǘƘŜǊŜisa lackof both historicstudies
and future-orientedstudiessystematicallyanalysingthe dynamicsof
Urban Ecosystem{ŜǊǾƛŎŜǎέΣand in a recent meta-analysis of
publishedliterature on urban ecosystemservicesfrom six different
research perspectives (i.e. ecology, governance, methods,
economics,society,planning),not a single reference to soil based
ecosystemservicesismentioned(Luederitzet al., 2015).

Ecosystem services of urban soils
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Number of papers published between 1997 and 2019 using the search string for urban soil and 
ecosystem services

https://doi.org/10.1016/j.geoderma.2021.115076
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Ç The contribution of urban soils to human well-being in  terms of provision  of ecosystem services  is largely 
unknown and very rarely accounted for in urban planning to enhance the sustainable development of urban 
ecosystem  (Morel et al., 2014) and although fundamental soil is considered a secondary compartment beyond 
vegetation.  

Ecosystem services of urban soils

ÇThe expansion of urban areas worldwide is
increasingthe anthropogenicimpact upon soil and
highlights the important role of urban areas in
supportinga sustainablefuture.

ÇAs such, urban soils are becoming more
important in the delivery of a broad range of
ecosystemservices(ESs),including carbon storage
and climate regulation,biomassprovision for food
andwater flow regulation,andrecreationalbenefits
(hΩwƛƻǊŘŀƴet al., 2021).
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Urban soils are characterized by:
Ç An extreme vertical and horizontal variability
Ç A more or less pronounced degree of disturbance
Ç The presence of allochthonous (soil) material and/or human artifacts
Ç A variable amount of diverse contaminants
Ç A variable degree of surface sealing  (0 to 100%)

Urbansoilsareall 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 highly-transformed soils and pseudo-natural
soils(Morel et al., 2015).

Åhttps://doi.org/10.1080/00380768.2015.1054982

https://doi.org/10.1080/00380768.2015.1054982
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(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
(managed) regulating services and
(managed)culturalservices

Links between ecosystem services provided by urban soils and major environmetal issues in urban areas
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Sealed 8.9% 
(200320 ha)

Sealed 16,5% 
(3770 ha) Sealed 49,5% 

(2817 ha)

doi: 10.2478/johh-2014-0005
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Cumulated rainfall 16th-18th May 2023

Cumulated rainfall 1st-18th May 2023

Forlì 18.05.2023

https://allertameteo.regione.emilia-romagna.it/aggiornamenti/-/asset_publisher/Nb5jHes0zyRl/blog/id/2302643
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Prior knowledge of soils, of their properties and distribution in space is
requiredto assessandeventuallymaptheir ecosystemservices. Dependingon
the goal of the investigationand on resourcesavailability,the necessarysoil
data canresult from ad hocurbansoil surveysor from existingsoil databases
andmaps.

Threeapproachesarepossibledependingon resourcesanddataavailability

1. Ad hoc soil survey: sampling -> analyses -> mapping -> ESs assessment

2. Use existingsoil data baseand maps (vector format): benchmarksoil
profilesandanalyticaldata-> ESsassessment

3. Use existing soil properties/functions maps (raster format) -> ESs
assessment

In all casessoil data are at the baseof the assessmentand theseare usedto
build indicatorsof ecosystemservicepotential provision.

Furthermore,the approachmust be coherentwith the scaleof investigation
andimplementation.

Guidelines for assessing soil ecosystem services in urban environment 

https://www.sos4life.it/en/documents/
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Variousauthorstried to identify biotic and abiotic characteristicsthat are correlated,or at leastare thought to be
correlated,with soil functions and servicesof interest. Thesecharacteristicsare generallyreferred to via several
terms,like "indicatorvariables", "indicators", "metrics", or "proxiesά.

In principle,indicatorsshouldsatisfya numberof criteria,suchasbeingeasilyquantified and respondingto change
in a predictable manner. Indicatorsthat meet these conditionsare believedto afford reliable information with
whichonecanassesshow soil functionsandservicesare likelyto varyin spaceandtime.

In many casethe use of indicators represent the 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) process(es) in describinga (setof) function(s). Soil indicatorsmust rely on soil data
(despitethe hugeamountof publishedliterature in whichthis is just not the case!)

Expertknowledgeanddialoguewith stakeholdersmustassistthis stepwiseprocedure

Realdata availability, objects, goalsand scaleof implementationof the ESframeworkare againkey issuesalong
with the kindof functions/servicesconsidered.
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Soil properties
Soil stocks - SNC

Bulk density

Organic C

Clay content

Sand content

K sat

Peat layer

RETC

pH

Land Use

Avg GW depth

Depth

CEC

Capability class

Soil Indicator
(soil processes)

Potential habitat 
for soil organism

CEC 
Soil reaction

Rooting depth

Soil evaporation 
potential

C stock
C sequestr. Pot.

Land capability 
map

Soil bearing 
capacity

Infiltration 
capacity

WC@FC 
Presence of WT

Soil functiona

(output of processes)

Biodiversity pool

Storing ,filtering and 
transforming nutrients, 
substances and water

Storing ,filtering and 
transforming nutrients, 
substances and water

Carbon pool

Biomass production

Physical and cultural 
environment

Storing ,filtering and 
transforming nutrients, 
substances and water

Storing ,filtering and 
transforming nutrients, 
substances and water

Soil contribution 
to ESsb

Habitat 
for soil organisms

Nutrient and pollutant 
retention and release; 
Natural attenuation

Microclimate 
regulation

C stock (actual)
C sequestration (pot.)

Food provision

Supporting human 
activities and 
infrastructure

Water regulation
 Runoff/ flood control

Water regulation
Water storage

ESs
categoriesc

1.BIO 
Regulating

2.BUF
Regulating

3.CLI
Regulating

4.CST & CSP
Regulating

5.PRO 
Provisioning

6.SUP
Provisioning

7.WAR
 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 support land and
urban planning and
assess the impact of
urban sprawl on soil ESs
supply.
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Ecosystem Servicesa

Code

CICES 5.1 b
Soil contribution to ESc Soil functionsd Indicators Input data Code

Regulating 
2.2.1.1

2.3.3.2

Ritenzione e rilascio dei 

nutrienti e degli inquinanti 

Capacità depurativa 

(potenziale)

Riserva, filtraggio e 

trasformazione delle 

sostanze nutritive e 

ŘŜƭƭΩŀŎǉǳŀ 

CEC 

Soil pH

C org %

Clay %

pH 

Skel %

BUF

Regulating 
2.1.1.2

2.3.3.2 
Carbon stock (potential) Carbon pool

Actual C 

sequestration 

C org %

Bulk density
CST

Regulating
2.2.1.1

2.2.1.3

Riduzione delle perdite di 

suolo per erosione idrica
Support to vegetation Actual erosion

RUSLE factors C, K, 

LS, R
ERSPRO

Provisioning 1.1.1.1 Food provision (potential) 
Biomass production 

(food)
Soil cability map LCC e integrades PRO

Provisioning 1.1.1.x

1.1.5.x

Biomass provision 

(potential) 
Biomass production

NDVI, mean 2015-

2020
NDVI (Landsat 8) BIOMASS

Regulating 2.2.1.3

Water regulation/ runoff 

and flood control 

(potential) 

Riserva, filtraggio e 

trasformazione delle 

sostanze nutritive e 

ŘŜƭƭΩŀŎǉǳŀ

Infiltration capacity
Ksat(mm/h) 

Psie (cm)
WAR

Regulating(Provisioning)
2.2.1.3

(4.2.2.2)
Water regulation ς water 
storage (potential) 

Riserva, filtraggio e 

trasformazione delle 

sostanze nutritive e 

ŘŜƭƭΩŀŎǉǳŀ

Water content at 

field capacity

Field capacity 

(-33 kPa)
WAS

Regulating 2.2.2.3 Habitat for soil organisms Biodiversity pool
Habitat (potential) 

for soil organisms

QBS-ar

Covariates DSM
BIO
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SES Input data Indicators calculation

BUF

CEC (cmolc/kg) as function of OC (%) and clay (%)
CEC = 6.332 +0.404 clay + 1.690 OC  (R2 = 0.75)
pH
Coarse fragments content, sk (%)
Shallow water table depth, WT (cm)

BUF0ς1 = Log CSC (pH; sk)0ς1
With  pH<6.5 reduction by 0.25 or 0.5 depending on CEC and by 0.25 for skel. >30%

With shallow water table depth (WT) < 30 cm
BUF0ς1 = Log CSC (pH; sk)0ς1*WT/30

CST
Organi carbon, OC (%) 
Bulk density, BD (Mg m-3) 

CST0-1 = log [OC * BD * (1-SK)]0-1

ERSPRO
Potential soil erosion (Mg ha-1 y-1)
Actual soil erosion(Mg ha-1 y-1)

Standardization (0-1)  Log10 (Potential erosion ς actual erosion)

PRO Capability class and intergrades LCC class scaling (0-1)

BIOMASS NDVI (Normaized Difference Vegetation Index) Standardization (0-1) NDVI (mean of 2015-2020 median values)

WAR
Saturated hydraulic conductivity, Ksat (mmh-1)
Air entry potential PSIe (cm)

WAR0ς1 = logKsat0ς1ҍt{LŜ0ς1

WAS
Field capactity (-33 kPa), WCFC (vol/vol)
Average shallow water table depth, WT (cm)
Sk, coarse fragments (Ø >2 mm, vol/vol) 

WAS0ς1 = (WCFC ϝ мҍǎƪύ0ς1 WT depth> 100 cm, and
WAS0ς1 = (WCFC * 1-sk)*WT/100 with WT depth <100 cm

BIO
QBSar

Covariates for Digital Soil Mapping
DSM approach (Quantile Random Forest)

All indicators, with the exception of PRO, are rescaled to the 0-1 interval with the following:

Xi 0-1= (Xi - Xmin)/(Xmax - Xmin)
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LCC PRO [0- 1] LCC PRO [0- 1] LCC PRO [0- 1] LCC PRO [0- 1]

I 1.000 III/VI/II 0.538 IV/VIII/VI 0.314 VII/III 0.400

I/II 0.936 III/VI/IV 0.538 V 0.429 VII/III/VI 0.366

I/II/III 0.885 III/VI/VII 0.404 V/I 0.686 VII/III/VIII 0.300

I/III 0.871 III/VI/VIII 0.438 V/II 0.621 VII/IV 0.336

I/V 0.743 III/VII 0.457 V/VI 0.364 VII/IV/VIII 0.252

I/VI 0.679 III/VII/VI 0.423 V/VIII 0.236 VII/VI 0.207

II 0.857 III/VII/VIII 0.357 VI 0.286 VII/VI/III 0.323

II/I 0.921 III/VIII 0.393 VI/II 0.543 VII/VI/VIII 0.157

II/III 0.793 III/VIII/VI 0.376 VI/III 0.479 VII/VIII 0.079

II/III/IV 0.742 IV 0.571 VI/III/II 0.561 VII/VIII/III 0.228

II/III/VI 0.676 IV/II 0.700 VI/III/IV 0.495 VII/VIII/VI 0.128

II/IV 0.729 IV/II/III 0.699 VI/III/VII 0.395 VIII 0.000

II/IV/III 0.728 IV/II/VI 0.599 VI/III/VIII 0.362 VIII/III 0.321

II/IV/VI 0.628 IV/III 0.636 VI/IV 0.414 VIII/III/IV 0.371

II/V 0.664 IV/III/II 0.685 VI/IV/I 0.547 VIII/III/VI 0.304

II/VI 0.600 IV/III/VI 0.552 VI/IV/III 0.480 VIII/IV 0.257

III 0.714 IV/V 0.507 VI/IV/VII 0.347 VIII/IV/VI 0.257

III/I 0.843 IV/VI 0.443 VI/IV/VIII 0.314 VIII/VI 0.129

III/II 0.779 IV/VI/I 0.576 VI/VII/III 0.338 VIII/VI/III 0.262

III/II/IV 0.728 IV/VI/III 0.509 VI/VII/IV 0.304 VIII/VI/IV 0.228

III/II/VI 0.661 IV/VI/VII 0.376 VI/VII/VIII 0.171 VIII/VI/VII 0.128

III/IV 0.650 IV/VI/VIII 0.343 VI/VIII 0.157 VIII/VII 0.064

III/IV/VI 0.566 IV/VII 0.379 VI/VIII/III 0.290 VIII/VII/III 0.214

III/IV/VIII 0.533 IV/VIII 0.314 VI/VIII/IV 0.257 VIII/VII/IV 0.181

III/VI 0.521 IV/VIII/III 0.414 VII 0.143 VIII/VII/VI 0.114

LCC as a proxy for PRO (food production; update 2023)
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Elevation      34 m s.l.m.
Area    228,2 km²
Inhabitants 117 978 (31-10-2019)
Pop. Density 516,99 ab./km²

Forlì

PRO BUF CST

WAR BIO CLI

Assessing  and mapping SESs in urban environment using regional soil data bases (soil benchmark profiles)


