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Introduction

Population: almost 10 million citizens
Area: 23,800 km²

Population density: 420 inhabitants/km²
Provinces: 11 + 1 Metropolitan City

Municipalities: more than 1500
Local Prosecutor’s Officies: 13

General Prosecutor’s Officies: 2

Lombardia is the first Italian region
for population and for the number of
local institutions, the first for
population density and the fourth for
total surface

Factories: > 100,000
Farms: > 50,000

IED installations: 1800 (30% of Italy)
Seveso Plants: 270 (25% of Italy)

Waste management facilities: 2100 (20% of Italy)

ARPA Lombardia, the Regional Environmental 
Protection Agency of Lombardy, was 
established in 1999 by Regional Law n. 16 and 
became fully operating in 2000

www.arpalombardia.it
ARPA is a Public Institution with administrative, 
organizational, technical and economic autonomy



Introduction

                       U.O. CREO (Regional Center for Earth Observation)
• Development of operational services based on Earth Observation and GIS tools, to 

support the Agency's institutional environmental monitoring and control activities
• Research and innovation, testing of new technologies and development of 

methodologies based on remote sensing data acquired from different aerial platforms 
(satellite, aircraft, drone) or from the ground.

ARPA Lombardia – main activities:



In Lombardy, land application of livestock effluents for 
agronomic purposes is regulated by regional policies, 
which mandate compliance with specific operational and 
management requirements, alongside a prohibition during 
designated winter periods. 

Livestock effluents monitoring and control:

the context in Lombardy region

European, national and regional main regulatory references:

• Dir. 91/676/CEE – “Nitrate Directive”.
• Dir. 2010/75/UE IED – “Integrated Emissions Directive”
• D.Lgs. 152/2006 (Codice dell’Ambiente) – Recepimento in Italia Dir 91/676/CEE
• Decreto interministeriale 25 febbraio 2016 “Programma d’Azione Nitrati nazionale”.
• D.G.R. XII/4284 del 30/04/2025 – Aggiornamento del Programma d’Azione Nitrati 2024-2027 per le zone vulnerabili.
• D.G.R. XII/4285 del 30/04/2025 – Aggiornamento delle Linee guida regionali per le zone non vulnerabili ai Nitrati.
• D.G.R XII/1944 del 26 /02/2024 – Proroga del Programma d’Azione Nitrati 2020-2023 per le zone vulnerabili.



Livestock effluents monitoring and control:

the context in Lombardy region

In any case, spreading is not permitted on rainy days 
or the days immediately following, where soil 
trafficability is compromised and in the presence of 
standing water or on frozen or snow-covered ground.

Under the Nitrates Directive and the resulting national 
and regional rules and regulations, the spreading of 
livestock effluent and urban sewage sludge is subject to 
specific temporal, spatial, and operational/methodological 
constraints.

Applications are totally banned from 1 December to 31 
January.
During November and February, stops to applications are 
possible, depending on meteorological conditions (defined 
in a specific bullettin from ERSAF).

These practices may only be carried out on declared 
and designated plots and must adhere to a precise 
schedule, following appropriate operational methods.



Livestock effluents monitoring and control:

the context in Lombardy region

The context in Lombardy:

Pressures:
➢ 10 millions inhabitants
➢ > 1.5 millions cattles
➢ > 3.7 millions pigs
➢ Thousands of breeding farms
➢ 750 facilities operating under IED code 6.6

Vulnerability:
In Lombardy, over 50% of the plain is classified 
as Nitrate Vulnerable Zone (ZVN); more 
than 630 municipalities are wholly or partially 
within ZVN.
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The context in Lombardy:

Pressures:
➢ 10 millions inhabitants
➢ > 1.5 millions cattles
➢ > 3.7 millions pigs
➢ Thousands of breeding farms.
➢ 750 facilities operating under IED code 6.6

Vulnerability:
In Lombardy, over 50% of the plain is classified 
as Nitrate Vulnerable Zone (ZVN); more 
than 630 municipalities are wholly or partially 
within ZVN.



Livestock effluents monitoring and control:

the context in Lombardy region

Implications with air qualityExtract from regional emissions inventory (INEMAR):

=> The winter period ban aims both 
to mitigate groundwater pollution 
risks, while concurrently preventing 
atmospheric ammonia and particulate 
matter (PM) precursor emissions. 

Ammonia (NH3) is also an important precursor to the 
formation of secondary particulate matter (PM) 
through the following chemical reactions:



Livestock effluents monitoring and control:

the context in Lombardy region

➢ 750 facilities operating under IED code 6.6

These installations are subject to periodic 
inspections by ARPA, sometimes supported by 
the operational use of Earth Observation tools 
from various platforms. 

Although ARPA lacks direct statutory 
competence over smaller, non-IED farms, the 
Agency frequently conducts targeted 
investigations into alleged irregular spreading 
activities triggered by citizen complaints or 
after requests from Judicial Police bodies. 



Earth Observation (EO) data contributions are applicable in many operational contexts and at 

different scales:

• Development of a large-scale observation tool: monitoring, planning support, 

assessment of local derogations, etc.

• Verification of compliance with good agricultural practices (e.g., adherence to 

spreading ban periods, observance of spatial constraints, etc.)

• Support for planning and conducting inspections: this approach tracks potential 

environmental criticalities and provides robust hints of illicit spreading operations

Livestock effluents monitoring and control:

opportunities from EO data at different scale

To overcome the logistical constraints of traditional on-site inspections, ARPA has implemented 
a remote monitoring system utilizing high-temporal-frequency satellite imagery. 



Initial assessments of use in support of 

EO data: 2016 feasibility study

Google Earth 12/03/2014.

Multispectral satellite 

data

Landsat 8 13/03/2014.

Livestock effluents monitoring and control:

opportunities from EO data at different scale

ARPA Lombardia experiences, 
evolutions.. 

Examples: back-analysis of specific cases

Comparisons between VHR satellite or 

aerial data as ground truth and medium 

resolution satellite data



Sentinel-2
before:  26/08/2015

Sentinel-2
after:  12/09/2015
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opportunities from EO data at different scale

Initial assessments of use in support of 

EO data: 2016 feasibility study

ARPA Lombardia experiences, 
evolutions.. 

A first “game changer”: 

the Copernicus program!!
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ARPA Lombardia experiences, 
evolutions.. 

Sentinel-2
before:  26/08/2015

Sentinel-2
after:  12/09/2015
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evolutions.. 
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Livestock effluents monitoring and control:

opportunities from EO data at different scale

ARPA Lombardia experiences, 
evolutions.. 

.. towards applications at wide scale…

Sentinel-2 data with agricultural land parcels



Livestock effluents monitoring and control:

opportunities from EO data at different scale

ARPA Lombardia experiences, 
evolutions.. 

.. towards applications at wide scale…

… or supporting local analysis… .. with direct field verifications.. (T0 + 6 days)

Sentinel-2 data at T0Sentinel-2 data at T0 + 5 days



Livestock effluents monitoring and control:

opportunities from EO data at different scale

Operational usage of high temporal 

frequency and higher spatial resolution 

commercial satellite data

ARPA Lombardia experiences, 
evolutions.. 

Example: comparison at wide scale of two Planet Dove 

satellite data (two consecutive days)

The second “game changer”:



From 2024: Limitation to direct
inspections due to swine fever desease

Livestock effluents monitoring and control:

opportunities from EO data at different scale

In addition to satellite data, Unmanned Aerial Vehicles (UAVs/drones) 
are also deployed to monitor livestock facilities, particularly when sites 
are inaccessible due to sanitary restrictions. 

Locations and temporal evolution of ARPA’s UAS surveys.
In red, surveys related to inspections and controls



Livestock effluents monitoring and control:

opportunities from EO data at different scale

UAVs support to livestock facilities inspections, examples:

Verification of facilities (e.g. effluent collection tanks)

Aerophotogrammetric 

surveys
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opportunities from EO data at different scale

UAVs support to livestock facilities inspections, examples:

Comparisons 

with 

authorized 

installation

Installations 

measurements

Verifications of 

specific 

prescriptions 

(e.g. effluent 

tanks covering)



Livestock effluents monitoring and control:

opportunities from EO data at different scale

UAVs support to livestock facilities inspections, examples:

Verifications of specific prescriptions 

(e.g. effluent tanks covering, 

volumetric estimations,..)



Livestock effluents monitoring and control:

A real case 

The specific case begun after complaint received by ARPA Cremona-Mantova 
department, related to supposed illicit magagement of livestock effluents by a 
IED 6.6 installation, located in Nitrate Vulnerable Area.

This work led to the notification of a 
suspected crime (“CNR – Comunicazione 
Notizia di Reato”)

Technical report on the 
examinations conducted by the 
ARPA Lombardia judicial police.

Multitemporal EO satellite data from 
different sources were used for preliminary 
evaluation, inspections planning, and 
verified with field inspections.



15/10/2025 SkySAT  acquisition
over the selected AOI

Preliminary activities:
• Tasking of high resolution satellite data (SkySAT, 50 cm res.), useful for detailed and 

updated overview of the area of interest

Livestock effluents monitoring and control:

A real case 

Examples of licit applications
of livestock effluents



Preliminary activities:
• Research and definition of the specific agricultural land parcels of potential interest

Livestock effluents monitoring and control:

A real case 



Multitemporal evaluation from EO satellite data
• Sentinel-2 option

Timelapse of potentially useful S-2 
acquisitions in the period nov25 – feb26

Livestock effluents monitoring and control:

A real case 



Multitemporal evaluation from EO satellite data
• Sentinel-2 option

Timelapse of potentially useful S-2 
acquisitions in the period nov25 – feb26

Detail in the specific AOI:

Livestock effluents monitoring and control:

A real case 



Multitemporal evaluation from EO satellite data
• Planetscope option

Temporal availability of potentially useful Planet-Dove 
daily acquisitions in the period nov25 – feb26: 

Livestock effluents monitoring and control:

A real case 



Multitemporal evaluation from EO satellite data
• Planetscope option

Timelapse of the most useful
Planet-Dove acquisitions in the 
period nov25 – jan26

Detail in the specific AOI:

Livestock effluents monitoring and control:

A real case 

LINK

https://www.planet.com/stories/timelapse_ceresara_nov25-gen26-58X0qVuDg


Livestock effluents monitoring and control:

A real case 

Summary of the technical report, supporting
the notification of a suspected crime:



Summary of the technical report, supporting
the notification of a suspected crime:

Livestock effluents monitoring and control:

A real case 



Livestock effluents monitoring and control:

A real case 

Summary of the technical report, supporting
the notification of a suspected crime:

Key elements:

• EO data provided solid hints of the 
potential illicits

• Reiteration of the activity
• Reiteration over the same land 

parcels, during total ban period

• The illicits were timely verified and 
contested directly in field 

• During field surveys, other criticalities 
were verified

• Formal notification of a suspected 
crime (“CNR-Comunicazione Notizia di 
Reato”, for illicit abandonment of 
waste)



This paper presented ARPA Lombardia’s practical operational experience in integrating Earth 
Observation data to monitor livestock effluent spreading and farming activities alongside 
conventional field inspections, demonstrating how these new technologies can enhance the 
efficiency, scope, and comprehensiveness of environmental enforcement

Conclusions and perspectives

Technical follow-up: the extension of the approach to other cases requires automation of the 
processes, focusing also on a surveillance approach

The reported real case, and in general the development of these new approach to 
inspections, represent a significant potential deterrent effect

It remains essential to complement remote observations, which often provide effective hints 
of illicits, with field verification and direct validation of potential violations.
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your attention
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Contact: d.bellingeri@arpalombardia.it 

mailto:d.bellingeri@arpalombardia.it
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