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MONITORED AREAS

• Monitoring Landslide areas: 
45

• Early warning monitoring: 29

• Knowledge or control 
monitoring: 16
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ABOVE SOIL

- Strain gauge

- Fexurimeter

- Distometer

- Inclinometer on wall

ON BOREHOLE 

- Inclinometrical probe

- Piezometric probe

-    Inclinometrical 

      multiparametric probe DMS

-    Wires “TDR”

- Total station

- GPS

GEOTECHNICAL
 

TOPOGRAPHIC

INTERFEROMETRY

METEOROLOGICAL 

INSTRUMENTS

- Rain gauge

- Snow gauge

- Thermometer

- Barometer 

- Satellite radar

- Ground Sar radar

RADAR

DIFFERENT KINDS OF INSTRUMENTATIONS
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double (reduntant) trasmission …..

To guarantee the transmission of data 

values from landslides even in critical 

situations, it’s important to have a 

transmission redundant system

6



ARPA’S GEOLOGICAL MONITORING NETWORK: THE USE OF GROUND BASED INSAR 

November 16 th , 2023 - Firenze 2003-2023 twenty years of GBInSAR natural hazard and landslide monitoring: worldwide examples and case studies | Luca Dei Cas 
7

AREAS BEEN MONITORED BY GROUND SAR RADAR

PERIODICAL CHECK

NEAR REAL TIME
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THE 7 AREAS MONITORED, BY GROUND SAR RADAR, FOR EARLY WARNING 
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GROUND SAR RADAR: reduntant trasmission 
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AREAS MONITORED BY GROUND SAR RADAR FOR EARLY WARNING : 

REDUNTANT ENERGY POWER 

Power line connection
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Gallivaggio landslide: Area location
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What was the situation during the years before the collapse ?

2008: rockfall embankment and flexible barriers
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Protection against landslide 

2011/2012: geological monitoring network
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2017: Geotechnical model

 

In 2017, a study called “Geotechnical model and discern thresholds of trigger for the Gallivaggio landslide” showed us different
manifestations of rock mass failure.

The different colour lines represent the area boundary where the landslide could arrive with changeable probability (function of historical
events printed on bibliography).

Most of the analysis showed that the infrastructure and cultural heritage (road and Sanctuary) are threatened (the rock mass failure could
impact them)
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During the Autumn 2017 the data analysis values
acquired, enabled us to notify the Lombardy
Region Civil Protection of a dangerous
acceleration of movement in about 460 m2 of the
rock area (5-6000 mc).

In February 2018, we sent
another notification in which we
informed the Civil Protection
about the acceleration showed a
doubling of the values compare
to the previous ones in Autumn.
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Rock block failure: April 13th 2018
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May 11th  2018: protection of cultural heritage
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24th may 2018

Notice of
TRIGGER 

THRESHOLD
EXCEEDED
3mm/24h

24/05/2018
ore 08:01

Notice of
TRIGGER 

THRESHOLD
EXCEEDED
4mm/24h

24/05/2018
ore 20:42

29th may 2018

Last Report sent from ARPA 
LOMBARDIA at hour 16:00 

Route «SS 36» 
closed

H24
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VIDEO OF THE COLLAPSE
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The infrastructures and cultural heritage after the collapse

Bell tower
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The church
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The infrastructures and cultural heritage after the collapse
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Sanctuary Square

The infrastructures and cultural heritage after the collapse
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Behind the Sanctuary

The infrastructures and cultural heritage after the collapse
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Rokfall embankment and plants

The infrastructures and cultural heritage after the collapse
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Road

The infrastructures and cultural heritage after the collapse
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Rock mass failure

Landslide crown

Boundary line rock blocks fallen (b>0,5 m3)

Boundary line r. blocks fallen (0,5 m3 >b>0,05 m3)

Boundary line r. b. fallen (0,05 m3 >b>0,005 m3)

Boundary line r. blocks fallen (b<0,005 m3)

Boundary line fine grain debris

Boundary line of lateral debris fallen

Flexible barriers razed

Flexible barriers not razed

Embankment 

Rock mass failure: covered area 95% probability 
(Cancelli engineering study 2017)

Rock mass failure: covered area 99% probability 
        (Cancelli engineering study 2017)

LEGEND (areal distribution of the deposit)
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DISPLACEMENT 

from May 24th to May 29th

                                   from 20 cm to 32 cm

Notice of
TRIGGER 

THRESHOLD
EXCEEDED
3mm/24h

24/05/2018
ore 08:01

Notice of
TRIGGER 

THRESHOLD
EXCEEDED
4mm/24h

24/05/2018
ore 20:42
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1 mm/h 

12 hours before 
the collapse

10 mm/h: 

3 hours before 
the collapse

100 mm/h:
  

15 minutes 
before the 

collapse

1 mm/h 

12 hours before 
the collapse

10 mm/h: 

3 hours before 
the collapse

100 mm/h:
  

15 minutes 
before the 

collapse
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Conclusion 

Efficacy of the monitoring network: the performance of the network gives us data values to

identify vast movement areas and permit us to see gradual movement (0,03 mm/d) and then to 
monitoring movement close to any failure. It isn’t effective for single rock block falls.

The collection of GBInSAR data values: the collection of data values, from the start of

acceleration to the time of rock mass failure, permitted us to have all acceleration data values (0,1 
mm/h 6 day from failure, 1 mm/h 40 hour from failure, 10 mm/h 3 hour from failure, 100 mm/h 15 
minutes before failure).

In May 2018, monitoring was the only activity to guarantee human safety and 
protection of cultural heritage: with evacuation, the SS 36 route closed, removal of sacred 

paintings and gold sacred cups before the failure.
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THANK YOU FOR YOUR ATTENTION !!
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