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ÇEcosystemservices(ESs) researchis currently focusingmore and more on soilsbut
few studieshavefocussedon the linkagesbetween soil properties and ESprovision
andthe useof soildataisoften minimal(Adhikari& Hartemink, 2016)

ÇDespitethe centralityof its role in ESssupply, soil is still an overlookedcomponent
in ESsstudiesaswell asin policyleveldecisions(Hewitet al., 2015)

ÇThe contribution of urban soils to human well-being in terms of provision of
ecosystemservicesis largelyunknownandveryrarelyaccountedfor in urbanplanning
to enhancethe sustainabledevelopmentof urbanecosystem(Morel et al., 2014) and,
although fundamental, soil is considered a secondary compartment beyond
vegetation.

ÇManyauthorsemphasizedthe needfor soil ESsassessmentand for promotingsoil-
ecosystemlinkage in the development of land resourcespolicy and management
(Boumaet al., 2015; Mc Bratneyet al, 2014; Lal, 2013; Robinsonet al., 2012)

1. Introduction



3LIFE15 ENV/IT/000225

 

ÇAmong the goalsof the EUfunded LIFEproject SOS4LIFEis the developmentof
methods for the assessmentand mappingof soil ecosystemservicesin urban and
periurbanareasandthe impactof soilsealingon the provisionof ecosystemservices.

2. Introduction

ÇTothis aimwe surveyed, sampledandanalyzedthe urbanandperiurbansoilsof the
municipalityof Carpi(EmiliaRomagna,NEItaly) andapplieda methodologydeveloped
at regionalscale(Calzolariet al., 2016) andtailored to tacklethe observedvariabilityin
soil propertiesto estimateand map a set of indicatorsto describethe provisionof a
numberof soilbasedecosystemservices.

ÇSampledsoilsinclude:
(1) soilsthat are composedof a mixture of materialsdiffering from those in adjacent
agricultural or forest areas, and that may present a surface layer >50 ŎƳΣhighly
transformedthroughmixing,importing,andexportingmaterial,andby contamination;

and (3) soilsthat result from variousconstructionactivitiesin urbanareasandthat are
often partiallyor completelysealed.

(2) soils in parksand gardensthat are closer to agriculturalsoilsbut have different
composition,use,andmanagementthan agriculturalsoils;



4LIFE15 ENV/IT/000225

 

PROCESSES
Water cycle

Nutrientscycles
Biologicalactivity

Aggregate formation
Gas exchange

FUNCTIONS
Supporthuman activities
Habitat and biodiversity

Fluxesregulation
C sequestation
Storage H2O

Foodand fibers
Rawmaterials

ECOSYSTEM SERVICES
(benefits to human populations)

Provisioning
Supporting, Regulating

Cultural

BENEFITS
Foodsecurity

Environmentalquality
Social stability

Geo-hydrological
protection

Urban quality
Well-being

fluxes

processes

controls

SOIL (Natural/artificial Capital)
Characteristicsand properties:

depth, slope, aspect,
Texture(sand, silt, clay),

stoniness,
Soil organicmatter,

structure,
Bulk density,

porosity, water retention
Hydraulicconductivity,

fertility, ΧΦ

EXTERNAL CONTROLS
Natural

(Climate, geology, topographyΧύ
Anthropic
(Land use, 

Agriculturalmanagement, Χ)

3. SoilEcosystemServices: conceptualframework
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3. SoilEcosystemServices: from propertiesto ESs

Soil properties
Soilstocks- SNC

Bulk density

OrganicC

Clay content

Sandcontent

K sat

Peatlayer

RETC

pH

LandUse

AvgGW depth

Depth

CEC

Capabilityclass

SoilIndicator
(soil processes)

Potentialhabitat 
for soilorganism

CEC 
Soilreaction

Rootingdepth

Soil evaporation
potential

C stock
C sequestr. Pot.

Landcapability
map

Soilbearing
capacity

Infiltration
capacity

WC@FC
Presenceof WT

Soilfunctiona

(output of processes)

Biodiversitypool

Storing,filtering and 
transformingnutrients, 
substancesand water

Storing,filtering and 
transformingnutrients, 
substancesand water

Carbonpool

Biomassproduction

Physicaland cultural 
environment

Storing,filtering and 
transformingnutrients, 
substancesand water

Storing,filtering and 
transformingnutrients, 
substancesand water

Soilcontribution
to ESsb

Habitat 
for soilorganisms

Nutrient and pollutant
retention and release; 
Naturalattenuation

Microclimate
regulation

C stock (actual)
C sequestration(pot.)

Foodprovision

Supportinghuman
activitiesand 
infrastructure

Water regulation
Runoff/ flood control

Water regulation
Water storage

ESs
categoriesc

1.BIO 
Supporting

2.BUF
Regulating

3.CLI
Regulating

4.CST & CSP
Regulating

5.PRO 
Provisioning

6.SUP
Provisioning
Supporting

7.WAR
Regulating

8.WAS
Regulating

Provisioning
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3. SoilEcosystemServices: ESsIndicators
Ç WAS0ς1 = (WCFC ϝ мҍǎƪύ0ς1 for water table deeper than 100 cm, and
WAS0ς1 = (WCFC * 1-sk)*WT/100 for water table within the first 100 cm

Ç BIO0ς1 = (Log OC0ς1ςBD0ς1) QBSar лҍм

Ç WAR0ς1 = log Ksat0ς1ҍPSIe0ς1

Ç CLI0ς1 = log AWC0ς1 + WT0ς1

Ç CST0ς1= log (SOC*BD*0.3*(1-sk)) 0-1

Ç BUF0ς1 = Log CSC(pH; sk)0ς1 

with pH<6.5 reductionby 0.25 or 0.5 dependingon CSC and skel>30% by 0.25
for water table deeper than 100 cm, and
BUF0ς1 = Log CSC(pH; sk)0ς1*WT/100
in case of occurrence of a shallow water table within the first 100 cm of soil depth, 
being WT the average water table depth (cm).
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4. UrbanSoil: surveyandmapping

SOIL MATERIAL
AUTOCHTHONOUS
ALLOCHTHONOUS

179 SAMPLING SITES FOR ROUTINE ANALYSIS
40 SITES FOR HEAVY METALS CONTENT
20 sitesfor Ksatand SBQ + 6 profiles

Preliminary mapunits

Regionalscale

MunicipalityscaleUrban scale
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4. UrbanSoil: surveyandmapping

19 SAMPLING SITES FOR KSAT, BD, QBSar
6 SOIL PROFILES

urban-BCP1

LUC1-urban

urban-CRP-PET0

PET2/LUC2/urban
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4. UrbanSoil: surveyandmapping
Tot ha Built up Soil ha Soil %

Urban (37%) 1162 877 284 24.5

Periurban(63%) 1981 226 1755 88.6

SMUswith prevalentsoil sealing(70-90%) 
represent81% of the urbanarea (947 ha)
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5. Soilproperties& functions

Soil sealing

Clay % Sand %

C org%

Clay %

Sand %

C org%

Geostatistical interpolationvia sequential
gaussiansimulation
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Ksat C stock CEC

Bulk density AWC

5. Soilproperties& functions
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 6. Soil EcosystemServices
WAS WAR CLI BUF

CST HOTSPOT SQ index
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 6. Soil EcosystemServices
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CTL3

MDC3

SMB1/SMB2

BCP1

BCP1-Urb

BCP2-Urb

BUD1-Urb

CRP-LUC2

LUC1-BCP1-
urb

LUC1-Urb

LUC2/BP2

LUC2-Urb
LUC3/Urb

MRX1

PET2/BCP1

PET2/LUC2/U
rb

Urb

Urb-BCP1

Urb-CRP

Urb-CRP-
PET0

Urb-LUC0

Urb-LUC0-
BCP1

Urb-LUC1

Urb-LUC2

Urb-LUC3

BUF avg CLI avg WAS avg WAR avg CTS avg PRO avg

Area SMU ha BUF CLI WAS WAR CTS HotSpot HotS /ha IQ

Cropland CTL1 567 0.395 0.410 0.447 0.493 0.453 449 0.79 2.20

Cropland CTL3 477 0.596 0.327 0.589 0.356 0.531 330 0.69 2.40

Cropland MDC3 867 0.799 0.381 0.758 0.159 0.549 800 0.92 2.65

Cropland SMB1/SMB2 53 0.462 0.439 0.452 0.632 0.486 48 0.91 2.47

Urban <60% BCP1 3 0.287 0.225 0.318 0.377 0.325 3 1.18 1.53

Urban <60% BCP1-Urb 21 0.239 0.265 0.274 0.310 0.306 10 0.47 1.39

Urban <60% BCP2-Urb 28 0.468 0.204 0.424 0.226 0.391 9 0.32 1.71

Urban <60% BUD1-Urb 1 0.275 0.289 0.274 0.383 0.296 1 1.21 1.52

Urban <60% CRP-LUC2 8 0.257 0.230 0.262 0.210 0.270 1 0.13 1.23

Urban <60% LUC1-BCP1-urb 24 0.371 0.322 0.358 0.389 0.413 16 0.66 1.85

Urban <60% LUC1-Urb 29 0.209 0.185 0.222 0.250 0.234 2 0.07 1.10

Urban <60% LUC2/BP2 10 0.404 0.318 0.421 0.262 0.385 3 0.30 1.79

Urban <60% LUC2-Urb 32 0.250 0.174 0.225 0.162 0.220 3 0.09 1.03

Urban <60% LUC3/Urb 8 0.124 0.151 0.139 0.156 0.171 0 0.00 0.74

Urban <60% MRX1 6 0.566 0.382 0.463 0.418 0.552 2 0.36 2.38

Urban <60% PET2/BCP1 12 0.410 0.276 0.420 0.507 0.502 9 0.75 2.11

Urban <60% PET2/LUC2/Urb 33 0.229 0.190 0.241 0.240 0.258 6 0.18 1.16

Urban >60% Urb 119 0.333 0.089 0.102 0.122 0.110 34 0.29 0.76

Urban >60% Urb-BCP1 140 0.295 0.082 0.099 0.105 0.111 12 0.09 0.69

Urban >60% Urb-CRP 67 0.115 0.057 0.071 0.048 0.071 0 0.00 0.36

Urban >60% Urb-CRP-PET0 139 0.208 0.036 0.041 0.042 0.050 1 0.01 0.38

Urban >60% Urb-LUC0 134 0.134 0.049 0.054 0.066 0.069 4 0.03 0.37

Urban >60% Urb-LUC0-BCP137 0.202 0.118 0.149 0.184 0.178 6 0.16 0.83

Urban >60% Urb-LUC1 168 0.177 0.096 0.105 0.114 0.114 6 0.04 0.61

Urban >60% Urb-LUC2 121 0.191 0.060 0.087 0.059 0.080 4 0.03 0.48

Urban >60% Urb-LUC3 38 0.165 0.093 0.097 0.088 0.109 2 0.05 0.55

Contributionof eachSMU to ESsprovision

SMU ESssynergiesand trade-offs
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 6. Soil EcosystemServices

Green areas Cstock Area Cstock C stock/ab CO2eq CO2 eq /ab

C stock 0-30 cm Mg Ha Mg/ha Mg Mg Mg

Sports and leisure facilities 4041 51.2 78.9 0.06 14819 0.21

Environmental compensation areas 1407 16.9 83.2 0.02 5158 0.07

Public green 5212 64.7 80.6 0.07 19112 0.27

Public green, schools 1832 22.6 81.2 0.03 6719 0.09

Roadside and Railwayside green 2195 31.5 69.6 0.03 8049 0.11

Villas with park 379 6.4 59.4 0.01 1388 0.02

Total 15067 193.2 78.0 0.21 55246 0.78

Cropland avg= 43.4 Mg C ha-1
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 6. Soil EcosystemServices

Available water storage capacity Area AWC AWC AWC AWC mm/m2

Ha m3 m3/ha m3/ab m3/tree

Sports and leisure facilities 51.2 15488 302.4 0.218 0.456 30.2

Environmental compensation areas 16.9 5324 315.0 0.075 0.157 31.5

Public green 64.7 20024 309.6 0.282 0.589 31.0

Public green, schools 22.6 7124 315.8 0.100 0.210 31.6

Roadside and Railwayside green 31.5 8790 278.9 0.124 0.259 27.9

Villas with park 6.4 1934 303.3 0.027 0.057 30.3

Total 193.2 58682.0 303.7 0.826 1.726 30.4
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6. Soil EcosystemServices

Water Cycle Regulation Park area= 10 ha Infiltration = 33,574.3 m3 (ca. 90% cum. precip.)

Park Cropland Flowerbed Forest

m3 runoff m3 infiltration
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 6. Soil EcosystemServices

Park CroplandFlowerbed Forest
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Microbial biomass (ATP- mg/kg dry soil)

Flowerbed Forest CroplandPark

Soil biodiversity

SBQ is given by the 
eco-morphology of soil 
meso-fauna (<2mm) 
and its quantity (Parisi
et al., 2001)

Shannon’s Diversity Index H
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 7. Microclimateanalysis
The Envi-met microclimatic 

model was set up for the 

whole Carpi city in order to 

understand the urban 

microclimatology under hot 

days conditions.

Input data are recorded (every

30 minutes) at the SOS4Life

meteo-station in Carpi
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 7. Microclimateanalysis

Land use of Carpi as parameterized in the Envi-Met Model

METEO DATA

Wind speed: 2.5 m/s ---- 80°Nord

Air Temperature: max=35.4°C min=21.1°C

Relative Humidity: max=90% min=42%

Bare Ground

Asphalt

Vegetation

Building
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 7. Microclimateanalysis
Areaswith highersurfacetemperature(fuchsia)areclearlydistinguishedfrom thosewith lower
temperature(green/blue). It is clearhow parksandvegetatedareasin generalare aάŎƻƭŘǿŜƭƭέ
for the city and the importance that they have in the microclimatology of the urban
environment. The fuchsiazonesare the most overheatedones due to the non-permeable
surface(mainlyasphalt)and from map it is possibleto identify priority areasto intervene to
mitigate theάƘŜŀǘƛǎƭŀƴŘέeffect.

Air Temperature @ 12:00
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 7. Microclimateanalysis
Vegetated areas are characterisedby higher relative humidity and are almost
coincident wih parks; the increase in relative humidity results in a lower air
temperaturefor the sameareas.

Relative Humidity @12:00
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Thepresentedmethodology

Conclusions. I

Ç Allowsto comparethe lossof serviceswith the gainsresultingfrom
the realizationof new infrastructuresand services;

Ç Providesassessmenttools to supportlandplanning(i.e. maps) to the
aim to reduce/compensatesoil sealing taking explicitly into account
locallandresourcesandthe functionsof different soils;

Ç Highlights the multifunctional role played by soils in the urban
environmentandthe relevanceof the servicesprovidedto the citizens.

Ç Allowsto assessand comparethe impact of soil sealingin term of
reduction/ lossof the ecosystemservicesprovidedby urbansoilsunder
different managementoptions;
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Ç Urban soils have characteristics and properties similar to those of
agriculturalsoilsin the peri-urban areas, and result from lessor more intense
disturbanceof in situ soils with or without addition of soil materials from
nearbyareas;

Conclusions. II

ÇThedegreeof disturbanceis highly variableand dependsfrom the sizeof
the greenareas, their use(vegetationcover)andpast/currentmanagement; as
a consequence, these affect the properties of soilsof urban areasand their
capacityto sustainthe deliverof ESs;

ÇThe inherent complexity of the urban soil environment requires ad hoc
surveyto properly quantify the contribution of soil ecosistemservicesand to
identify potentialdisservicesdueto mis-use/-management;

ÇSustainableurbanenvironmentrequiresmore interactionsand cooperation
betweenurbanplannersandsoil/climate/vegetationexperts.
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Thanksfor your attention
www.sos4life.it


