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The study area

Bruino
Chieri
None
Settimo Torinese 
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InVEST has 17 models that valuate ES, both 
biophysical processes and processes with 
monetary/economic value. The results of this model is 
a map of the geographic area, >> land use/land cover 
(LULC) types .

Habitat quality
Carbon storage and sequestration
Water Yield: Hydropower production

Nutrient retention: Water Purification
Sediment retention
Managed timber production
Crop pollination

Food and fisheries
Food and aquaculture
Wave energy generation
Aesthetic value
Recreation value

Habitat Quality is the ability of the ecosystem to provide conditions appropriate for 
individual and population persistence.

high quality = Habitat  relatively intact and it’s depends on a habitat proximity to 
human land uses and the intensity of these land uses.

SOFTWARE INVEST



Silvia Ronchi  |  Sistemi informativi per il governo del territorio  

MAPPING ECOSYSTEM SERVICES
InVEST has 14 models that valuate ES, both biophysical processes and processes with 
monetary/economic value. The results of this model is a map of the geographic 
area, the model requires spatially explicit and works on a GIS platform, as well as 
data describing the biophysical properties of land use/land cover (LULC) types .

Coastal Vulnerability
Crop Pollination
Fisheries
Habitat Quality
Habitat Risk Assessment
Marine Fish Aquaculture
Offshore Wind Energy
Recreation
Reservoir Hydropower Production (Water Yield)
Scenic Quality
Sediment Retention
Water Purification
Wave Energy
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Habitat Quality: InputHabitat Quality: Input
“the resources and 
conditions present 
in an area that 
produce 
occupancy – 
including survival 
and
reproduction – by 
a given organism 
(Hall et al. 
1997:175).”

Politecnico di Torino - DIST



1 Current Land Use Land Cover (raster)
(possible future)

2 Database Threats (.csv)
Urban areas, productive areas, infrastructural system,
quarry, yard, landfills, arable lands, paddies,
Vineyards, lawns,…
>>> a possibile source of damaging to
biodiversity persistance. to estimate how common
threats affect wide range of viable habitat  

3 Accessibility to sources
of degradation (.shp)
Natura 2000 network (SIC and ZPS), National parks
Local parks (PLIS), primary and secondary elements
of the Regional Ecological Network
>>> data on the relative protection that legal /
institutional / social / physical barriers provide
against threats

4 Sensitivity of Land cover types
to each threat (.csv)

Andrea Arcidiacono, Silvia Ronchi, Stefano Salata
Politecnico di Milano - CRCS

24 june2015, Calgary

Habitat Quality: InputHabitat Quality: Input
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Andrea Arcidiacono, Silvia Ronchi, Stefano Salata
Politecnico di Milano - CRCS

24 june2015, Calgary

Carbon sequestration: inputCarbon sequestration: input
The InVEST Carbon Storage and 
Sequestration model aggregates 
the amount of carbon stored in 
these pools according to the land 
use maps and classifications.
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Andrea Arcidiacono, Silvia Ronchi, Stefano Salata
Politecnico di Milano - CRCS

24 june2015, Calgary

1 Current Land Use Land Cover (raster)
(possible future)

2 Database 4 Carbon pool(.csv)
Soil, above ground biomass, below ground biomass
and litter

Carbon sequestration: inputCarbon sequestration: input
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Habitat Quality Carbon Sequestration
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Water Yield Nutrient Retention
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Sediment Retention Crop Pollination
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Crop Production 1.Habitat Quality
2.Carbon Sequestration
3.Water Yield
4.Nutrinet Retention
5.Sediment Retention
6.Crop Pollination
7.Crop Production



The influence of the Digital Elevation Model
 
 
SEDIMENT EROSION
INPUT
Uso del suolo: Land Use Piemonte 2010 con integrazioni 
alla scala locale per i Comune di Bruino, Settimo 
Torinese, Chieri e None.
Indice di erosivitaC  della pioggia
Indice di erodibilitaC  associato alla composizione 
pedogenetica del suolo
Bacino idrografico di riferimento
Modello digitale del terreno
Fattore di coltivazione “c” e al fattore di erosivitaC  
derivato dalla pratica colturale “p” associato alle classi di 
uso/copertura del suolo
 
Nota: Il dataset legato ai fattori “c” e “p” eC  stato 
completamente omogenizzato ai valori trasmessi da 
ISPRA, sia per le classi riferite ad usi prevalentemente 
antropici, che per quelle riferite ad usi agricoli e naturali.
 
OUTPUT
Spazializzazione dell’indicatore soil erosion nel 
territorio con valori assoluti di suolo eroso per pixel di 
riferimento
[VALORE SOGLIA >55 tonnellate per ettaro]
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Nutrient Retention
After a carful check of all the inputs it has been decided to i) detail the geometrical precision of the land use 
map (even if the land use didn’t interact with intermediate phases 1 and 2) and ii) to change the DEM with 
an upgraded version which provides a better precision of geometrical distribution of values and a denser 
distribution of altimetric values (which was fundamental to mesh the values between different isolines).
The change in the model of DEM dataset gives significant feedbacks with the new results. The changes 
shows how the interaction of input with DEM was a crucial issue for the analytical workflow, which 
determines both a better assessment of the quantitative biophysical values and their distribution in the 
territory.

Fonte: InVEST User’s Guide
http://data.naturalcapitalproject.org/nightly-build/invest-users-guide/html/ndr.html
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Ecosystem Services Output Distribution Indicator Biophysic Value Economic Value

Habitat Quality

Raster file with biophysic 
values distributed to the 

context of study. LULC map 
with precision of 1:2.000 

scale and thematic 
accuracy at 4 level CLC has 

been use for input 
distribution in the 

municipalities of Bruino, 
Settimo Torinese, Chieri, 

None.
Output is of 5 per 5 pixel 

meters cell
 
 

Entire territory index 0 to 1 Weighted average of values for each LULC 
class
 
Formula: ∑ val bio * mq / mq tot (LULC 
class)

Stated preferences contingent value using 
questionnaires to evaluate the willingness 
to pay for conserve/improve natural areas 
in the context of study.

 [€/mq]

Carbon 
Sequestration

Entire territory stocked ton per pixel Sum of values for each LULC class
 
Formula: ∑ val bio * mq (LULC class) / 25 
(mq pixel)

Market value for each tons of carbon 
sequestered it is associated the value of 
fiscal fees to compensate for CO2 emissions 

(LIFE VIMINE - LIFE12 NAT/IT/001122).
 [100 €/t]

Water Yield

Entire territory evapotenspired mm per 
pixel

Sum of values for each LULC class
 
Formula: ∑ val bio * mq (LULC class) / 25 
(mq pixel)

Sostitution cost artificial water control 
system of floodings (Prezzario opera 
Piemonte)

[12,6 €/mc]

Water Purification

Entire territory Kg of Nitrogen per pixel Sum of values for each LULC class
 
Formula: ∑ val bio * mq (LULC class) / 25 
(mq pixel)

Sostitution cost
system of natural purification (LIFE VIMINE 
- LIFE12 NAT/IT/001122)

[64 €/kg]

Sediment Retention

Entire territory ton of erosion per pixel Sommatoria dei valori per classe d’uso 
del suolo
 
Formula: ∑ val biofisico * mq (classe 
d’uso) / 25 (mq pixel)

Avoided cost
Soil fertility restoration costs (MGN – 
Making Good Natura)

[22,8€/t]

Crop Pollination

Only agricultural areas n. of pollinator species 
per pixel
 
 

Sommatoria dei valori per classe d’uso 
del suolo
 
Formula: ∑ val biofisico * mq (classe 
d’uso) / 25 (mq pixel)

Market price
Application of vulnerability index for 
agricultural productions (Gallai N., Salles 
J.M., Settele J., VaissieC re B.E., 2009) and 
estimation of economic value of pollinator 
dependent production.

[€/mq] 

Crop Production

Only agricultural areas 
(non generated by 
Invest)

€ per mq Weighted average of values for each LULC 
class
 
Formula: ∑ val bio * mq / mq tot (LULC 
class)

Market price
Standard Production of each agricultural 
land use

[€/mq]
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SERVIZI

ECOSISTEMICI
(LIFE+SAM4CP)

 
CLASSIFICAZIONE SE

(MEA 2005)

VALORE ECONOMICO TOTALE
(TEEB 2010)

VALORE D’USO VALORE DI NON-USO
USO 

DIRETTO1

USO 
INDIRETTO2

VALORE DI 
OPZIONE3

VALORE DI 
ESISTENZA4

VALORE DI 
EREDITA’5
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Crop Pollination  
APPROVVIGIONAMENTO

 
 
x

 

  
 
x

 

 
Crop Production

Carbon Sequestration
 

 
 
 
 
 
REGOLAZIONE

  
 
 
x
 

 
 
 
x
 

 

Water Yield
 
Nutrient Retention
 
Sediment Retention
  

CULTURALE
 

x  x x

HOE TO ASSESS THE TOTAL ECONOMIC VALUE

1 valore d’uso diretto. Il valore d’uso deriva dal consumo, attuale, atteso o possibile, di 
un bene. 
2 valore d’uso indiretto. Rappresenta l’utilizzo che puoC  anche avvenire in maniera 
indiretta ed eC  il caso dei benefici derivanti da tutti i servizi di regolazione.
3 valore di opzione. Il valore di opzione rientra nella categoria di valori d’uso, ma in 
questo caso l’utilizzo non eC  attuale bensìC futuro. L’individuo non utilizza il 
bene/servizio attualmente ma eC  disposto comunque a pagare una certa somma per 
avere la possibilitaC  in futuro di usufruire di tale bene/servizio. 
4 valore di esistenza. E’ basato sulla consapevolezza degli individui che il bene 
considerato esiste e continua ad esistere, anche se non ne faranno mai uso. 
5 valore di eredità. Deriva dal fatto che chi valuta eC  disposto a pagare una certa 
somma affincheO  le altre persone possano godere del bene in oggetto.

CONTEINGENCY EVALUATION
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COMPOSITE INDICATOR FOR URBAN PLANNING

indicatore dato 
dalla somma dei 
singoli indicatori 
che genera un 
valore cumulativo 
tendente ad 1 
(buona qualità) o a 
0 (cattiva qualità) 
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COMPOSITE INDICATOR FOR URBAN PLANNING
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COMPOSITE INDICATOR FOR URBAN PLANNING
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Biophisical impact assessment
numero_trasformazione tipo valore multisitemico criticità area valore euro/mq val_tot
10' urbanizzazione 0,50                                                                                                                     0,50                    866                    2,00                                                 1.732,66                           

C*1N urbanizzazione 0,67                                                                                                                     0,67                    5.360                2,71                                                 14.514,18                         
C*1S urbanizzazione 0,56                                                                                                                     0,56                    6.476                2,27                                                 14.697,90                         

C*2N urbanizzazione 0,69                                                                                                                     0,69                    13.909              2,76                                                 38.341,96                         

C*2S urbanizzazione 0,61                                                                                                                     0,61                    3.246                2,47                                                 8.014,57                           

C*3N urbanizzazione 0,67                                                                                                                     0,67                    10.568              2,68                                                 28.311,15                         

C*3S urbanizzazione 0,57                                                                                                                     0,57                    4.913                2,31                                                 11.339,02                         

C*4N urbanizzazione 0,70                                                                                                                     0,70                    9.731                2,81                                                 27.296,57                         

C*4S urbanizzazione 0,57                                                                                                                     0,57                    4.029                2,29                                                 9.226,62                           

C*E urbanizzazione/verde urbano 0,57                                                                                                                     0,57                    12.976              2,31                                                 29.950,77                         

C*G urbanizzazione 0,65                                                                                                                     0,65                    7.628                2,62                                                 19.954,68                         

C*O urbanizzazione 0,66                                                                                                                     0,66                    2.991                2,64                                                 7.895,54                           

CC urbanizzazione 0,62                                                                                                                     0,62                    2.352                2,50                                                 5.872,28                           

CD urbanizzazione 0,56                                                                                                                     0,56                    2.904                2,26                                                 6.551,11                           

CO5 compensazione 0,61                                                                                                                     0,61                    24.898              2,44                                                 60.753,38                         

F1 compensazione 0,70                                                                                                                     0,70                    80.722              2,82                                                 227.298,05                       

S6 urbanizzazione 0,69                                                                                                                     0,69                    9.939                2,76                                                 27.478,05                         

SS1 urbanizzazione 0,60                                                                                                                     0,60                    3.435                2,42                                                 8.325,10                           

SS2 urbanizzazione 0,59                                                                                                                     0,59                    7.689                2,38                                                 18.302,95                         

ZA1 urbanizzazione 0,61                                                                                                                     0,61                    3.861                2,44                                                 9.402,84                           

ZI1 urbanizzazione 0,56                                                                                                                     0,56                    18.336              2,26                                                 41.395,41                         

ZI2 urbanizzazione 0,45                                                                                                                     0,45                    7.128                1,82                                                 12.993,22                         

ZI3 urbanizzazione 0,72                                                                                                                     0,72                    21.572              2,88                                                 62.171,95                         
ZI4 urbanizzazione 0,54                                                                                                                     0,54                    9.835                2,17                                                 21.349,18                         

ZRU urbanizzazione 0,69                                                                                                                     0,69                    23.075              2,77                                                 63.837,00                         

altro altre trasformazioni/infrastrutture 0,57                                                                                                                     0,57                    19.174              2,31                                                 44.311,11                         
317.613,00      821.317,23                       
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How to define LIMITATION, MITIGATION OR COMPENSATION MEASURES

Impact 
assessment

Responce index
MITIGATION

COMPENSATION
of predicted LUC

LIMITATION
Of predicted LUC

?
Guidelines on how to limit, 
mitigate and compensate for soil 
sealing (European Commission, 
SWD(2012) 101, 12 April 2012
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Action

RECOVER

VALORIZATION

CREATION

CONSERVATION

Which is the suitable intervention?
 As mentioned, the analytical elaboration helped with the geometrical identification 

of low (bad quality), medium (average quality), and good (high quality) ecosystemic 
condition, using an overall ES condition as a proxy for setting the different land use 
policies: 

in the cold spots (low quality) re-use is always suggested, in the “average” areas 
transformations with adequate mitigation or compensation are prescribed, and 
finally in the hot spot areas (high quality) urban transformations are limited, if they 
occur at all. 

Moreover, this kind of assessment allows additional actions; it can be decided to 
maintain the higher values where they already exist and adopt a spatial policy to 
support the increase of ecosystemic conditions of areas with “insignificant” value or, 
at least, to work on low ES concentrations with hard urban transformations aimed 
at pursuing de-sealing or land reclaim policies.
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LIFE SAM4CP:
The methodology has been used to set the Strategic Environmental Assessment

 1,00 
Carbon Se-
questration;  
1,00 

Water Yield;  1,00 Nutrient Re-
tention;  1,00 

Sediment Re-
tention;  1,00 

Crop Pollinator;  
1,00 

Crop Production;  
1,00 

 1,41 

Carbon Se-
questration;  
1,01 

Water Yield;  1,01 Nutrient Re-
tention;  1,00 

Sediment Re-
tention;  0,91 

Crop Pollinator;  
1,01 

Crop Production;  
0,88 

 1,47 

Carbon Se-
questration;  
1,02 

Water Yield;  1,02 Nutrient Re-
tention;  1,00 

Sediment Re-
tention;  0,87 

Crop Pollinator;  
1,01 

Crop Production;  
0,88 

stato di fatto (t0) stato di diritto (t1) variante (t2)

 
7.978.
981 

 
8.940.
964 

 
9.082.
093 
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