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The study

•Framework: EJP SOIL Towards climate-smart 
sustainable management of agricultural soils 
https://ejpsoil.eu/

•H2020 co-fund programme

•2020 – 2025

•Up to 1200 researchers in 24 countries

•CARBOSEQ – EJP SOIL project

•1 task to evaluate the impact of CAP 
implementation on Soil Organic Carbon stocks:

• Direct payments (first pillar):

• conditionality - GAEC protection for soil

• Eco-schemes

• Rural Development Programs (second pillar): 

• voluntary commitments beyond GAEC 

• in Italy implemented through regional programs

https://ejpsoil.eu/


• Current CAP : too recent:
• previous CAP 2014 -2022

• Georeferenced data, parcel level, describing area and time of 
implementation of CAP measures by farms
• Case study in Sicily (around 2 mlns parcels)
• data for whole Sicily: from 2019 until 2022 (4 different shapefiles for 

each RDP measure) 

CAP implementation data



Each RPD shapefile: all agricultural parcels where measure was applied. 
For each record:
• a progressive number of CAP support request (ATTO)
• fiscal code of the owner/manager of the parcel (CUAA);
• RDP measure sub-code (DESC_INTE);
• Parcel ID (ID_PARC);
• Parcel surfcae (ha, SUPE_UTIL).

CAP implementation data

MRXXXXXXXXXX2Q

RDP 2022



• statistical analyses

• simulations e.g., present study

RPD shapefile contains a limited amount of info but georeferenced →
it can be integrated with other georeferenced data with different formats, 
using geostatistical procedures in GIS environment:

Altitude from DEM (Raster)
Slope from DEM (Raster)

Soil typology from maps (vector) 
Erosion from maps (raster)

Desertification from maps (vector)

Climate grid reference (Data grid)

FOR EACH PARCEL

CAP implementation data

• Environmental databases 
• Maps (vector or raster) 
• Data grid

MORE COMPLETE DATASET FOR:



• Collection of data from Italian coordinator of the paying agencies of the 
CAP:
• Very long process: 

• different “languages”
• no fundings 
• no Ministerial duty

CAP implementation data - Challenges

• Data quality : 
• No unique ID for each parcel
• Different georeferenced area for the same parcel over time
• Different codes for the same measure over time
• Fiscal code can vary on the same parcel
• > 1 measure funded on the same parcel referring to several crops → area for each 

measure?
→ Very difficult to describe the evolution of land management over time

MRSxxxxxxxxx2Q MRSxxxxxxxxx2Q



Estimation of SOC dynamics
• SOC stock change over time due to CAP measures implementation
• Biophysical model: RothC adjusted to arid environment (RothC10_N, Farina et al., 2013)

Soil properties: 

Crop sequence +
Amount of Carbon input 
(plant residues) +
Quality of Carbon input
(How resistant to microbial degradation = CO2 

emission)

Precipitation
Temperature
Potential
evapotranspirati
on

Monthly
soil
water 
balance

Texture 
Rock fragments
Organic carbon

Climate:

SOC stock= ∑Cinput – ∑CCO2



113 SOIL TIPOLOGIES

Soil Unit map: CREA-AA, 1:250,000 scale, vector 
format. Costantini, E. A. C., Barbetti, R., Fantappie`, 
M., L’Abate, G., Lorenzetti, R., & Magini, S. (2013). 
Pedodiversity. In Costantini, E. A. C. & Dazzi, C. 
(Eds.), The Soils of Italy, World Boformatok Series. 
doi:10.1007/978-94-007-5642-7_6 (1:5,000,000).

Soil data

Why this source? 
Only map available at regional level
Challenges? 
Regional map derived from national map based on soil typologies: geospatialised information derived 
from reference soil profiles.
How to overcome? 
Soil samples at farm level where RDP measures are implemented.



Downloaded from the European climate database on a 25x25 km grid 
(https://agri4cast.jrc.ec.europa.eu/DataPortal/Index.aspx). 

Monthly climate data - time interval 2000-2023 
• Precipitation (mm)
• Temperature (°C)
• Potential evapotranspiration (mm)

Why this source? 
Freely available at EU level, 
constantly updated
Challenges? 
None. Good spatial scale of 
information for the regional level 
simulation.
Long time series → needed for the 
initialisation of the RothC model 
(estimation of C input level, from 
which the initial SOC stock 
derives)

https://agri4cast.jrc.ec.europa.eu/DataPortal/Index.aspx


Crop yields & management data → Carbon Input

• Scientific allometric function: transformation of crop yields into C input
(it calculates C contribution from aboveground biomass, root and exudates)

Why ISTAT? Official data 
homogeneous at national 
level. Detailed at the 
Province level.
Challenge?
Different soils, crops and 
yields at province level: 
simulations run at province 
level: more complex 
elaboration

• For each Province and crops: Yield data from ISTAT - National Istitute of Statistics. Example:

• Crop rotation and common agricultural management: experts’ opinion

Yearly 
Carbon 
Input

… … … … … … … … … …



Challenges: selection of CAP measures

RDP CAP measure possibly impacting on SOC
Inclusion or exclusion
from the SOC impact 

analysis
Reasons for inclusion or exclusion in the SOC impact analysis

8.1.A Planting of new forests Excluded
Data available only for 2021
No Carbon input data in Roth-C 10N for tree species in managed
forests

8.1.B Maintenance of new planted forests Excluded
Data available only for 2021 
No Carbon input data in Roth-C 10N for tree species in managed
forests

10.1.A Integrated agricultural production Excluded No data available on this measure

10.1.B
Environmentally sustainable management 
methods

Included

10.1.C
Conversion and maintenance of croplands into
permanent grasslands

Excluded No Carbon input data in Roth-C for livestock C input

10.1.F Conservative agriculture Included
13.1 Agriculture in mountain areas Excluded Not enough details on soil management practices in RDP

13.2
Agriculture in protected areas (e.g., Natura 
2000)

Excluded Not enough details on soil management practices in RDP

13.3 Agriculture in areas subject to other constraints Excluded Not enough details on soil management practices in RDP

11.1 Conversion to organic agriculture Currently excluded
Vast application area in terms of crop: more specific information are 
described in organic farming regulation for each crop

11.2 Maintenance of organic agriculture Currently excluded
Vast application area in terms of crop: more specific information are 
described in organic farming regulation for each crop



Challenges: selection of CAP measures
Selected RDP CAP 

measure
Measure requirements in terms of soil management Simulated with Roth-C 10N Duration

10.1.B

Environmentally 
sustainable 
management 
methods

Improvement in the efficiency of water management through 
software 

NO – not enough specific info at farm level

5 years

Improvement in the efficiency of fertiliser management through 
software

NO – not enough specific info at farm level

Erosion control:
Cropland: 
- Spring-Summer crops: cover crops (leguminous or mixed) 

during autumn-winter
YES (soil cover during 
autumn and winter)

- Crop rotation: 2/5 years leguminous crop YES

- Residues incorporation into soil.
YES (% of crop residues derived from yields 

and local agronomists)
- Cropland with av. slope >8%: work soil along level curves; NO – soil work not simulated by Roth-C10_N
Erosion control:
Tree crops:
Interrow grassing with leguminous or grasses in autumn; 
If impossible: compost (1 t/ha) 

YES 
(soil cover during autumn)

COUNTERFACTUAL SCENARIO
Compared with: 
• Cropland: no crop rotation or different crop rotation, no cover 

crops
• Tree crops: no grassing and no compost



Selected RDP CAP 
measure

Measure requirements in terms of soil manageent Simulated with Roth-C 10N Duration

10.1.
F

Conservative 
agriculture

Sod-seeding
NO – soil work not 

simulated by current 
version of Roth-C

7 years
Mulching with agricultural residues

NO – mulching not 
simulated by current 

version of Roth-C
Crop rotation: autumn-winter grain cereals + grain leguminous or 
mixed fodder

YES

Challenges: selection of CAP measures

COUNTERFACTUAL SCENARIO
Compared with no crop rotation



Results

• THIS IS ONE EXAMPLE
• OVERALL POSITIVE IMPACT OF 

ALL TESTED RDP MEASURES 
IN ALL PROVINCES AND 
CROPS

FROM C LOSS TO 
C SEQUESTRATION

INCREASED C 
SEQUESTRATION

REDUCED C LOSS

RDP MEASURE 
IMPLEMENTATION

NO RDP MEASURE

CODES OF 
PROVINCES IN SICILY



Conclusions
Although challenging, using big data for CAP evaluation of environmental impacts is crucial because:

• Homogeneity of data quality → fundamental in large scale evaluation such as CAP impact even if data might be less 

accurate than local and smaller scale databases

Replicability:

• At MS level: 

• for Italy, the simulation can be extended at national level if data about RDP implementation are made available from 

the Paying Agency

• Can be applied in other MS

• Can be expanded to the first pillar

• Can be extended to current CSP interventions

• For homogeneous evaluation at EU level, for comparative analysis → favour the use of EUROSTAT instead of national 

institutes of statistics

We warmly encourage:

• To make data about CAP measures implementation at parcel level from Paying Agency available to researchers or 

other bodies in charge of setting up methodologies for CAP evaluation

• To foster the interoperability between Paying Agencies and scientific/environmental data sources

if data are available and after accurate 
methodological evaluation



Thank you for your attention!

irene.criscuoli@crea.gov.it mariacostanza.andrenelli@crea.gov.it ilaria.falconi@crea.gov.it
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