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EcosystenserviceES$ researchis currently focusingmore and more on soilsbut
few studieshave focussedon the linkagesbetween soil properties and ESprovision
andthe useof soildatais often minimal (Adhikari& Hartemink 2016

Despitethe centrality of its role in ESssupply soil is still an overlookedcomponent
In ESsstudiesaswell asin policyleveldecisiongdHewitet al., 2015

Many authorsemphasizedhe needfor soil ESsassessmenand for promoting soil-
ecosystemlinkage in the developmentof land resourcespolicy and management
(Boumaet al., 2015 Mc Bratneyet al, 2014 Lal 2013 Robinsoret al., 2012

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

on
. Foru™
ab wa\'\%‘ fores's
« Urbeh 508

S US 4 I.I FE y:li Q“{?%; Nanio¥

SAVE OUR SOIL FOR LIFE

e
*...* LIFE15 ENV/IT/000225



ERegioneEmilia-Boma,gna. IR rrorl Ut Or @W

Consiglio Nazionale delle Ricerche

Amongthe goalsof the EUfunded LIFEproject SO8LIFEIs the developmentof
methods for the assessmenand mapping of soil ecosystemservicesin urban and
periurbamnareasandthe impactof soil sealingon the provisionof ecosystenservices

Tothis aimwe surveyed sampledand analyzedhe urbanand periurbansoilsof the
municipalityof Carpi(EmiliaRomagnaNEltaly) and applieda methodologydeveloped
at regionalscale(Calzolaret al., 2016 andtailored to tacklethe observedvariabilityin
soil propertiesto estimate and map a set of indicatorsto describethe provisionof a
number of soil basedecosystenservices

Sampledsoilsinclude
(1) soilsthat are composedof a mixture of materialsdiffering from thosein adjacent
agricultural or forest areas, and that may present a surface layer >50 O Yiighly
transformedthrough mixing,importing,andexportingmaterial,and by contamination
(2) soilsin parks and gardensthat are closerto agriculturalsoils but have different
composition,use,and managementhan agriculturalsoils

and (3) soilsthat resultfrom variousconstructionactivitiesin urbanareasandthat are
often partially or completelysealed o
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Gl WAS = (WGcF M &, ofjwater table deeper than 100 cm, and

WA, = (WG 1-sk)*WT/100for water table within the first 10@m Bl 0.0-01

| | izat Bl 0.1-0.2

|| — LO O cB QB nterval normalization 0.2-0.3

G qu (Log &1 D)Cl) §r nbwm Xi' = Xi-Xmin/Xmax-Xmin 03-04

Q W. g)cl - |0g KS%E]-BPSI@C]- where Xi' is the standardised [0-1] value, Xi is the actual value, 0.4-0.5

Xmin and Xmax are the maximum and the minimum respectively 0.5-0.6

QI Cll'l'(tcl — |0g AWgE]_ + W-'(-)Cl of each considered variable in the dataset. The formula gives high 0.6 - 0.7
priority (i.e. values close to 1) to higher values of the considered

Q Cg&]_: |Og (SOC*BD*O-B*(':Bk))d@icator; the lowest value, 0, does not indicate that the function 0.7-08

_ _ is not provided, but that it is the lowest in the considered area. B 0.8-0.9

Gl BURy, = Log CSC(pBK)y, B 09-1.0

with pH<6.5reductionby 0.25 or 0.5lependingon CSC anskeb30% by 0.zo
for water table deeper than 100 cm, and
BUFR,, = Log CSC(pbK)y.,*WT/100

in case of occurrence of a shallow water table within the first 10@Esvoildepth,

being WTthe average water table depth (cm).
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4. Urban Sail: surveyand mapping
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Tot ha Builtup  Soil ha

Urban (37%) 1162 877 284
Periurban(63%) 1981 226 1755
~ Impermeabilizzazione
[ limite_carta suoli urbani
"1 0.000 - 0.100
0.100 - 0.200
0.300 - 0.400
[ 0.400 - 0.500
71 0.500 - 0.600
[ 0.600 - 0.700
@ 0.700 - 0.800
I 0.800 - 0.900
i 0.900-8.939 3k
Urban area | Urban area
—swu T[] [ Areaha |_% _ sSmMu [ % imperm__| Area ha |
Urban 93,88 | 118.90 | 3.78| PET2/BCP1 13,16% 12.01 0.38
Urban-BCP1 81,82% | 139.76 | 445 | PET2/LUC2/Urban 50,38% 33.08 1.05
Urban-CRP 82,09% 67.19 | 2.14| MRX1 55,59 5.52 0.18
Urban-CRP-PETO 90,26% | 139.34 | 4.43| BCP1 8,13% 2.55 0.08 W
Urban-LUCO 8451% | 134.42 | 4.28 | BCP1-Urban 34,22% 21.27 0.68
Urban-LUCO-BCP1 71,49% 37.38 | 1.19| BCP2-Urban 10,37% 28.06 0.89
Urban-LUC1 79,97% | 16825 | 5.35| BUD1-Urban 24.30% 0.83 0.03
Urban-LUC2 85,08% | 107.07 | 3.41 | | 1161.9 | 36.97 I scet
| Urbanl 1IC3 71 17% 3465 110 Periurban area J
CRP-LUC2 34,27% 794 | 025 SMU [ % imperm. | Areaha | % [ZZ7] BeP1-utbano
LUC1-BCP1-Urban 32,00% 24.11 0.77 CTL1 15,98% 566.98 | 18.04 ///7 BCP2-urbano
LUC1-Urban 44.68% 2002 | 092] CTL3 11,31% | 49147 | 15.64 W7 BUD1-urbano
LUC2/BP2 13,08% 10.13 | 0.32 | MDC3 862 | 869.73| 27.67 - oo
LUC2-Urban 54,20% 32.36 | 1.03|_SMR1/SMR2 847 5275 168
LUC3/Urban 62,92 806 | 026 | | 1980.93 | 63.03 | I Luc1-BeP1-urbano
. . . \ - LUC1-urbano
\\ Wk | SMUswith prevalentsoilsealing(70-90%] g | cs.roan0
3054“ FE P3 1 represent81% of theurbanarea (947 he.= LUG2/BP2
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Ksat

Ksat, mm/h C stock, mg/ha
0,03 - 0,08 B 0.0-140
0,08 - 0,11 BN 14.0-193
0,11-0,21 Y 193-27.8 CEC, cmolc/kg
_ 9.84 - 16.98
0,21-0,37 27.8-39.9
- 0 37 3, 0 80 : : 16.98 = 17.87
eI =0 39.9-49.5
B 0,80-1,10 195549 17.87 - 18.57
BN 1,10-1,38 e I 18.57-19.33
. 138-1,71 543580 B 19.33-20.18
B 1,71-2,29 W 58.0-63.1 B 20.18-21.34
B 229-5414 B 63.1-65.5 B 2134-23.41
Bl 68.5-1094 Bl 23.41-25.40
s
0 0 1 2 3 4km - Bl 25.40 - 26.60
— — ] 0 B 26.60 - 29.06
— _ |

Bulk density, Mg/m3 @ -y AWC, vol/vol
1,24-1,42 R ™ B ’ 0,078 - 0,083
1,42- 1,43 0,083 - 0,086
1,43 - 1,44 I 0,086 - 0,088
1,44 - 1,45 B 0,088 - 0,091
I 1,45-1,46 B 0,091 - 0,097
N 1,46 - 1,47 B 0,097 - 0,1
Bl 1,47-1,48 B 0,1-0,102
B 1,48-1,49 B 0,102 - 0,106
[\ \ B 149-15 BN 0,106-0,112
P = B 15-155 BN 0,112-0,16
SAVE OUR SOIL FOR LIFE IIIII 0 0
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B 0.0-0.1
W 0.1-0.2
02-03
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BN 07-08
B 08-09
N 09-1.0

HOTSPOT =

W

“Hot spot >75°p %
~ Mo

1
2 Il Very low
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4 Medium
B s 2 £ High
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Area SMU ha BUF CLI WAS WAR CTS HotSpot HotS/ha 1Q
Cropland  CTL1 567 0.395 0.410 0.447 0.493 0.453 449 0.79 .
Cropland  CTL3 477 0.596 0.327 0.589 0.356 0.531 330 0.69 SMUES$ynerg|9$ndtrade-Oﬂ:S
Cropland  MDC3 867 0.799 0.381 0.758 0.159 0.549 800 0.92
Cropland  SMB1/SMB2 53 0.462 0.439 0.452 0.632 0.486 48 0.91 CTL1
Urban <60% BCP1 3 0287 0.225 0.318 0.377 0.325 3 1.18 153 Urb-LUC3) 800 CTL3
Urban <60% BCP1-Urb 21 0.239 0.265 0.274 0310 0.306 10 047 139 Urb-LUC2 0.700 MDC3
Urban <60% BCP2-Urb 28 0.468 0.204 0.424 0.226 0.391 9 0.32 1.71 Urb-LUC1 0.600 / SMB1/SMB2
Urban <60% BUD1-Urb 1 02750289 0274 0.383 0.29 1 121 152 :
Urban <60% CRP-LUC2 8 0.257 0.230 0.262 0.210 0270 1 013 1.23 Urb-LUCO- 0.500 BCP1
Urban <60% LUC1-BCP1-urb24 0.371 0.322 0.358 0.389 0.413 16 066 185 BCP1 0.400If
Urban <60% LUC1-Urb 29 0.209 0.185 0.222 0.250 0.234 2 007 1.10
Urban <60% LUC2/BP2 10 0.404 0.318 0.421 0.262 0.385 3 030 179 YP-LUCO 0.300 BCP1-Urb
Urban <60% LUC2-Urb 32 0.250 0.174 0.225 0.162 0.220 3 0.09 1.03 0.2/02/
Urban <60% LUC3/Urb 8 0124 0151 0.139 0156 0.171 0 000 074 Ub-CRP- BCP2-Urt
Urban <60% MRX1 6 0.566 0.382 0.463 0.418 0552 2 03 [BE P =
Urban <60% PET2/BCP1 12 0.410 0.276 0.420 0.507 0502 9 075 211
Urban <60% PET2/LUC2/Urb33 0.229 0.190 0.241 0.240 0.258 6 018 116 Urb-CRP BUD1-Urt
Urban >60% Urb 119 0.333 0.089 0.102 0.122 0.110 34 029 0.76
Urban >60% Urb-BCP1 140 0.295 0.082 0.099 0.105 0.111 12 009 069 1, pBcPL CRP.LUC2
Urban >60% Urb-CRP 67 0.115 0.057 0.071 0.048 0.071 O 0.00
Urban >60% Urb-CRP-PET0 139 0.208 0.036 0.041 0.042 0.050 1 0.01 LUC1-BCP1-
Urban >60% Urb-LUCO 134 0.134 0.049 0.054 0.066 0.069 4 0.03 Urb urb
Urban >60% Urb-LUCO-BCP137 0.202 0.118 0.149 0.184 0.178 6 0.16  0.83 PET2/LUC2/U
Urban >60% Urb-LUC1 168 0.177 0.096 0.105 0.114 0.114 6 004 061 b LUCL-Urb
Urban >60% Urb-LUC2 121 0.191 0.060 0.087 0.059 0.080 4 0.03 . PET2/BCP1 LUC2/BP2
Urban >60% Urb-LUC3 38 0.165 0.093 0.097 0.088 0.109 2 0.05 MRX1 LUC2-Urb

LUC3/Urb

Contributionof eachSMU toESgrovision

——BUF avg CLl avg WAS avg WAR avg

Sns 4 I.I FE 2 ".i j%?g; ‘;‘J‘Eﬂmﬂ .
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= , ‘- 2.5%

v}"ﬂ '_,i
Hl(. ' ~
e |
" Y
B
»
__ Sports and leisure facilities m Environmental compensation areas
& » Public green m Public green, schools
3 Roadside and Railwayside green m Villas with park
-+~ 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
‘ 3, Public green 5212 647  80.6 0.07 19112 0.27
-~ gy ~ Public green, schools 1832 22.6 81.2 0.03 6719 0.09
S Roadside and Railwayside green 2195 315 69.6 0.03 8049 0.11
Villas with park 379 6.4 59.4 0.01 1388 0.02
|Tota| 15067 193.2 78.0 0.21 55246 0.78 |

SOSALIFE Y3 Cropandug=45.4vig C
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3.3%

26.4%

12.1%

.8 a
H.f' . {; ,
oy . J ; 9.1%
e,
L
7} - LS

34.1%

Sports and leisure facilities = Environmental compensation areas
N Public green m Public green, schools
.. Roadside and Railwayside green m Villas with park

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

! Ha m3 m3/ha m3/ab m3ftree
,;} 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 0.157 315
-....}"; v WE%al Public green 64.7 20024  309.6 0.282 0.589 31.0
e ) Public green, schools 22.6 7124 315.8 0.100 0.210 31.6
Roadside and Railwayside green 315 8790 278.9 0.124 0.259 27.9
Villas with park 6.4 1934 303.3 0.027 0.057 30.3

ITOtaI 193.2 58682.0 303.7 0.826 1.726 30.4|
SOSALIFE V3
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Park Cropland Flowerbed Forest [ Mmean:se
T Mean+1.96*SE

Water WE@.@Hfﬁil@Hark area 10 hdnflltratlon 33,574.3 rf(ca. 90% cunprecip.)

85 Cum. Rainfall = 344.6 mm (15.06.20475.03.2018)
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ALTRI
HOLEOMETABOLITI PROTURA

LARVE DI ALTRI 2% 3%
HOLEOMETABOLITI

‘\ Soilbiodiversity

SBQ is given by the

mesofauna(<2mm)

et al., 2001)

= £y
DIPTERA (LARVE) '

7%

IShan nDoversitysindexH

3.0+
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ecomorphology of soll
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Qbs-ar rispetto a uso
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STTIUTO DI BIOWETEGROLOGIA
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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 SOSA4Life
meteo-station in Carpi :

SOSALIFE V3
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[ Bare Ground Land use of Carpi as parameterized in the Envi-Met Model

- Asphalt

[ Vvegetation METEQO DATA
I suilding Wind speed: 2.5 m/s ---- 80°Nord

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

SUS4|_IFE i;jﬁ Relative Humidity: max=90% min=42%

SAVE OUR SOIL FOR LIFE
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Analysls @ il
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Areaswith highersurfacetemperature (fuchsia)are clearlydistinguishedrom thosewith lower
temperature(green/blue) It is clearhow parksand vegetatedareasin generalare a & O 26t SR
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(mainly asphalt)and from map it is possibleto identify priority areasto interveneto

mitigatethe & K SAFalf EBffgdR €

2400.00

2300.00] CARPI
xfy Cutatk=2 (z=1.5000 m}
2200.00-1
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Vegetated areas are characterised by higher relative humidity and are almost
coincident wih parks the increasein relative humidity results in a lower air
temperaturefor the sameareas

RelativeHumidity @12:00
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Thepresentedmethodology

Allowsto assessaand comparethe impact of soil sealingin term of
reduction’'lossof the ecosystenservicegprovided by urban soilsunder
different managemenbptions

Allowsto comparethe lossof serviceswith the gainsresultingfrom
the realizationof new infrastructuresand services

Providesassessmentioolsto supportland planning(i.e. mapg to the
aim to reduce/compensatesoll sealingtaking explicitly into account
locallandresourcesandthe functionsof different soils

Highlights the multifunctional role played by solls in the urban
environmentandthe relevanceof the servicegrovidedto the citizens
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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

The degreeof disturbanceis highly variableand dependsfrom the size of
the greenareas their use(vegetationcover)and past current managementas
a consequencethese affect the properties of soils of urban areasand their
capacityto sustainthe deliverof ESs

The inherent complexity of the urban soil environment requires ad hoc
surveyto properly quantify the contribution of soil ecosistemservicesand to
identify potential disserviceslue to mis-use/-management

Sustainablaurban environmentrequiresmore interactionsand cooperation
betweenurbanplannersandsoil/climate vegetationexperts
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