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RaStEM: an ISPRA
application for the analysis
of the mitigation effects
of hydrogeological risk
mitigation measures
The National Repository of hydrogeological risk mitigation measures (ReNDiS) is the platform
for monitoring measures funded by MiTE from 1999 onwards which aims to managing the
evaluation of funding requests coming from Regions. The platform currently contains 6,402
measures for € 6.962 billion and 9,249 project proposals corresponding to € 29.141 billion.
In the consistent case history of measures for hydrogeological risk mitigation, it has been highlighted that designs do not always adequately take into account the typological and spatial characteristics of the instability and the relations that exist between these and elements at risk.
Starting from this consideration, ISPRA developed a web application, RaStEM (Standardized
Representation of Mitigation Effects), with the aim of providing technicians with a public and
freely accessible tool that allows them to represent, in a simplified way standardized on national scale, the significant elements of hydrogeological risk mitigation designs.
The expected result is to contribute to spreading a correct design approach in which the
elements that contribute to defining the risk scenario are always clearly documented, even in
their geographical component; this approach also allows the drafting of projects according to
the criteria defined by the DPCM (Prime Ministerial Decree) of 09/27/2021 to be included in
national funding programs.
Keywords: ReNDiS, RaStEM, hydrogeological risk, mitigation measures, designs, programming,
planning.

1. Hydrogeological risk
mitigation measures:
design, funding and
implementation
The implementation of a hydrogeological risk mitigation measure with resources allocated by the
Ministry of Ecological Transition
(MiTE) is only the final part of a
process that begins with the identification of the local needs of the
territory for which a condition of
risk is assessed by the competent
local Authority such as, for example, the Autorità di Bacino Distrettuale (ABD), the Consorzio di Bonifica, the Municipalities. Designs are
generally developed by local authorities (on their own or through external assignments) and then pre-
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sented to Regions or Autonomous
Provinces who evaluate whether to
proceed with the request for funding to MiTE.
The submission of requests takes place through well-defined selective procedures regulated by the
DPCM (Prime Ministerial Decree)
of 27 September 2021. These procedures are activated through the
compilation of a Form, specially
implemented in the information
system dedicated to the National
Repository of hydrogeological
risk mitigation measures (ReNDiS, www.rendis.isprambiente.it)
and the contextual upload of the
design by the proposing Region/
Autonomous Province.
The requests are then examined
as part of an investigation phase by ADB and MiTE (which can
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be supported by ISPRA) which
establishes the possible eligibility
for funding of the proposed measure and which also clearly identifys the actual purpose and effectiveness of the measure. Therefore,
on the basis of the score attributed
to each request for funding pursuant to DPCM of 27/07/2021,
the “Regional Ranking of Funding
Requests” is defined. Finally, the
intervention is carried out in relation to a specific funding program
defined by MiTE.

2. Criteria for measures
financing with MiTE
resources
A correct approach to the design of a hydrogeological risk mitigation measure financed by MiTE
must meet certain technical and
regulatory requirements.
With regards to the first aspect,
in order for a design to be considered technically correct, its minimum contents must allow the
definition of the risk scenario, clearly explaining the conditions of
hazard, exposure and vulnerability
of the design area, referring both
at the conditions ante operam and
at those expected to be achieved
with the implementation of the
measure (post operam). These significant elements of the design
must be represented in a standardized, clear and homogeneous
way, also in terms of spatial and
geographical information, so that
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they can then be easily verified in
the preliminary phase relating to
the request for public funding.
As regards the second aspect, in
order to access public funding made
available by the various bodies and,
in the specific case, for the inclusion
of a measure in national funding
programs defined by MiTE, the design must meet the requirements
of the DPCM of 27/09/2021 which establishes the priority criteria
for assigning MiTE resources to a
hydrogeological risk mitigation measure. On the basis of these criteria,
the Preliminary Investigation Form
for funding requests was created
on ReNDiS. The Form is divided
into different Sections containing
administrative and economic/financial information (e.g., amount
requested, progress, duration of
the measure) and technical data
(e.g., location, area classification
and hazard, type of elements exposed, estimate of people at direct and
indirect risk and house-loss) which
must be clearly deducible from the
designed presented.

3. ISPRA role
Since the Legislative Decree
180/98 and subsequent amend-

ments, the so-called “Sarno Decree”, ISPRA provides support
to MiTE in planning, design and
monitoring of hydrogeological risk
mitigation interventions financed
by the Ministry.
In this context, ISPRA provides
support to designers by making
available a series of information
layers and basic data that can constitute a useful tool for drafting
the project (Fig. 1).
Furthermore, starting from
2005, as part of the monitoring
of the aforementioned measures,
ISPRA has developed the ReNDiS platform aimed at creating
an information system that incorporates information relating
to hydrogeological risk mitigation
measures carried out by administrations operating on the national
territory.
Specifically, ReNDiS allows the
management of both the preliminary phase relating to new requests for funding with resources
provided by MiTE, through the
loading of the Preliminary Investigation Form by Regions/Autonomous Provinces and the related
project documents, and the monitoring of the measures already
financed. For the latter, the information collected concerns the
amount funded, their distribution

throughout the national territory,
the classification of the risk in
the areas where the measures are
located, the technical studies accompanying the projects, time for
carrying out the works from the
funding until the drafting of the
certificate of regular execution as
required by DM (Ministerial Decree) 37/2008 (Fig. 1). These activities were described in the ISPRA
Report (“ReNDiS 2020 – Hydrogeological risk mitigation in twenty years of ISPRA monitoring”), to which
reference should be made for further information.
Knowledge acquired through
this experience highlights that
specialized studies supporting
measures design are sometimes
lacking in many essential parts
from a technical point of view,
with serious impact to the effectiveness of the works and, therefore,
to the effective assessment of the
risk mitigation. On the basis of
these premises, in 2017 the “Guidelines for the planning of landslide risk mitigation measures” were
drawn up, in collaboration between ISPRA and AGI (Italian Geotechnical Association), which detail
the methodological approach to
be carried out in the specific case
of landslides and provide the procedural guidelines for their correct
design.

4. RaStEM: the
ISPRA application for
representing designs
In relation to what emerged from
the monitoring activities, part of
an Agreement stipulated with the
General Directorate for Climate
and Energy of MiTE, ISPRA has
carried out a series of activities aimed at developing a methodology
Fig. 1 – Activities carried out by ISPRA as part of the planning, design and monitoring of for the analysis of the effects of
hydrogeological risk mitigation mesures funded by MiTE.The data shown in the figure are mitigation resulting from the implementation of hydrogeological
updated as of 31/12/2021.
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risk mitigation measures, based
on the definition of standardized
criteria for the representation of
the significant elements of a design, in order to define a set of indices useful to describe on which
aspects and to what extent the measure expresses its effectiveness
over time. In this regard, it should
be noted that the methodology
developed is applicable to all the
different types of hydrogeological instability, namely landslides,
hydraulic, avalanches and coastal
ones.
The objective of the methodology is to ensure that the aims of
a measure are well documented in
the designt (in terms of risk mitigation), in order to allow a “transparent” evaluation of the mitigation effects induced and based on
objectively identified elements.
Therefore, the following significant elements, grouped in five
categories, must be clearly represented:
•	
hazard area in ante opeam
layout;
•	exposed elements (people and
physical assets) in ante opeam
layout;
•	design works;

•	
hazard area in post opeam
layout;
•	exposed elements (people and
physical assets) in post opeam
layout.
This methodology is the basis
of the web application developed
by ISPRA and called “RaStEM –
Standardized Representation of
Mitigation Effects”, a freely accessible public tool that allows the significant elements of a project for
hydrogeological mitigation measures to be represented on a national scale. In relation to the criteria according to which RaStEM
was built, the application allows
the drafting of designs compliant
with the provisions of the DPCM
of 09/27/2021 for the purpose of
their inclusion in the national funding programs activated by MiTE.
In particular, the significant
elements of the design are represented through geo-referenced
polygons with specific attributes
associated to each polygon category (Fig. 2) using a digitization
format conforming to the shapefile standard, themed in five information layers, corresponding to
the five polygon categories defined
above.

4.1 Hazard area ante and
post operam
This information layer contains
the polygons of the areas directly
affected by the hazard in reference to the time horizon considered
significant for the useful life of the
works in the design. In particular,
the areas of instability to be represented in ante operam layout refer
to the exposed elements for which
the design expects to mitigate the
existing risk and to the works connected to it; in post-operam layout,
areas that are expected to be still
affected by the instability are identified after the implementation of
the project measure (Fig. 3).
Each instability can be represented with a corresponding polygon
or, depending on the scale of representation or the level of detail, a single polygon can be used to represent
the envelope of multiple areas, even
with different types of instability.
The characteristics of each instability contained in the polygon,
ante and post operam, are described in an attribute table that specifies the classification of the phenomenon, the hazard class assigned
to the area and a specific parameter, different for each type of instability, according to what defined in
DPCM of 09/27/2021.

4.2. Exposed elements ante
and post operam
In this information layer, the
polygons relating to the elements
exposed to risk considered significant in relation to one or more hazard areas are represented (Fig. 4).
Likewise previous case, depending on the scale and level of detail,
the polygons can be related to a single element or represent the envelope of several elements belonging
to different types. The characteriFig. 2 – The significant elements of the project are represented with RaStEM through ge- stics of the different elements dio-referenced polygons defined on distinct information layers and equipped with specific splayed contained in each polygon
are described in a table of attribuattributes in relation to the different category of the significant element considered.
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Fig. 3 – Definition of hazard area, ante and post-operam, and the associated attributes in the case of a landslide.

Fig. 4 – Definition of the polygons of exposed elements, ante and post operam, and of the attributes associated with them.
Agosto 2022
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tes where the corresponding types
must be indicated, in accordance
with the classification used in ReNDiS and as indicated in DPCM of
27/09/2021. Exposed elements are
essentially diveded in two main categories: physical assets, associated
to their vulnerability, and the number of people at risk, distinguishing
those at direct risk, at indirect risk
or at risk of house loss. The criteria
used to define the above parameters must be fully described in the
design documents.
This category of polygons must
be identified in both ante and post
operam layout according to the
above defined criteria.

4.3. Design works
In this information layer, polygons relating to the areas directly

affected by the works or by their
envelope are represented (Fig. 5).
Each polygon can incorporate
one or more works whose typology
must be indicated in an attributes
table according to the classification used in ReNDiS.

5. Analysis of measures
mitigation effects
With reference to the characteristic attributes for each category
of polygon represented, a method
was developed for the analysis of
the mitigation effects related to
the implementation of the measures through the definition of
standardized parameters, each
of which divided into dimensional parametric classes, to allow
the comparison between the ante

operam and post operam layout.
Therefore, eight parameters have
been identified (Tab. 1), through
which it is possible to represent, in
a concise and homogeneous way,
the most significant aspects for
this analysis.
Tab. 1 – List of parameters defined for mitigation effects analysis.
Parameter

Code

Total hazard area

Ad

Max characteristic value

Vm

Max hazard

Pm

Exposed elements (high damage)

Dg

Exposed elements area

Ae

People at direct risk

Pr

People at indirect risk

Pi

People with risk of house loss

Pa

Most of the parameters (Exposed elements, Max characteristic
value, People at direct and indirect risk, People with risk of house
loss) were obtained by referring to
those identified first by DPCM of
28/05/2015, subsequently updated in relation to the new DPCM
of 09/27/2021 (Tab. 2), while the
others (Total hazard area, Exposed
elements area, Max hazard) were
derived through the statistical processing of data held by ISPRA and
in accordance with the classifications used by ABD.
Using the parameters listed in
Table 1, the developed methodology states that each measure is characterized by the values and corresponding classes (ante and post
operam) of each parameter which
define the degree of relevance of
the risk scenario represented and,
with reference to their variation,
the degree of Relative Effectiveness of the intervention.
In particular, three Parametric
Indices are obtained for each parameter:
•	
A nte operam Relevance Index
(IRa) – this Index derives from
Fig. 5 – Definition of the polygons of the works in the project and their associated attributes.
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Tab. 2 – Parameters with relative attribution of Value and Weighted Value used in DPCM 27/09/2021 to classify measures on a regional
basis to define the “Regional Ranking of Funding Requests”.The fields of the table in light gray are those that contain the parameters also
used in RaStEM (Tab. 1) for the purpose of evaluating the mitigation effects.
Criterium
Weight Class
Value
Weighted value
AA
4
30
A
3
22,5
Regional priority
30
M
1
7,5
B
0
0
Preliminary study pursuant to 3 c.4 DPCM 16/07/2016
0
0
Technical and economic feasibility study
1
3,3
Approved design
10
Definitive design
2
6,6
Executive design
3
10
SI
1
10
Suppletive works
10
NO
0
0
N>1000
4
30
200≤N<1000
3
22,5
People at direct risk
30
50≤N<200
2
15
0<N<50
1
7,5
0 (no estimation)
0
0
Strategic buildings (hospitals, schools, etc.)
4
30
Residential buildings in hurban areas
4
30
Strategic communication lines
4
30
Large hydraulic infrastructers
4
30
Industries at major risk
4
30
Lifelines
3
22,5
Others
3
22,5
Exposed elements
30
Scattered houses
3
22,5
Accommodation and leisure facilities
3
22,5
Productive/commercial settlements
3
22,5
Cultural heritage
3
22,5
Natural and protected areas
1
7,5
Other structures of public interest
1
7,5
No assets or No estimate
0
0
0<P≤50
4
30
50<P<100
3
22,5
Flood return
period
100<P≤200
2
15
P>200
1
7,5
High hazard
2
30
Avalanche
hazard
Low hazard
1
15
W≤10
4
30
Hazard specific Residual beach
10<W≤20
3
22,5
characteristic width (coastal
30
20<W≤40
2
15
parameter
erosion, m)
W>40
1
7,5
0<P≤20
4
30
Floosd return
20<P≤100
3
22,5
period (coastal
100<P≤200
2
15
erosion)
P>200
1
7,5
rapid
2
30
landslides
slow
1
15
Agosto 2022
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follows tab. 2
Criterium
Expected damage
Percentage reduction of people
at risk (ratio between estimated
ante operam and post operam
values)
Compensation and mitigation
measures
Implementation of plan measure
(PAI, PGRA or similar)

Weight Class
Y
10
N
80≤%≤100
60≤%<80
40≤%<60
30
20≤%<40
0≤%<20
0 (no estimate)
5
Y
N
30
Full implementation
Medium implementation
No implementation

the ratio between the value of
the class associated with the
ante operam parameter and the
maximum value that the same
class can assume;
•	Post operam Relevance Index (IRp)
– this Index derives from the
ratio between the value of the
class associated with the post
operam parameter and the maximum value that the same class
can assume;
•	Relative Effectiveness Index (IER)
– this Index derives from the ratio between the variation of the
class associated with the parameter (difference between the

Value
1
0
5
4
3
2
1
0
1
0
2
1
0

post-operam and ante-operam
values) and the maximum value
that the same class can assume.
For non-numerical parameters
(speed, hazard, exposed elements) the Index is calculated with
reference to the variation of the
class and not of the value.
The arithmetic mean of the Indices
referring to each parameter provides three Synthetic Indices which
are referred to the overall characterization of the measure:
•	ISRa – Synthetic Relevance Index
ante operam
•	ISRp – Synthetic Relevance Index
post operam

Weighted value
10
0
30
24
18
12
6
0
5
0
30
15
0

•	ISER – Synthetic Index of Relative
Effectiveness
All the Indices obtained are
summarized by the application in
a summary table (Tab. 3) in which
the fields in light gray are those relating to the input data that the designer must enter, the other fields
are those relating to the output
data that are calculated from the
application. It should also be noted that the dark gray cells contain the parameters for which the
relative effectiveness is calculated
based on the variation of the class
and not on the numerical values of
the indices.

Tab. 3 – Summary table produced by the RaStEM application with the definition of the Parametric Indices and Synthetic Indices obtained
for a project.
Parameter

Code

Value
ante

post

Class

delta

ND ante post (max)

Parametric Indices
Relevance Relevance
Relative
ante
post
effectiveness

Total hazard area (m2)

Ad

265.795

55.555

–

6

5

8

210.240

0,75

0,63

0,79

Max velocity or Frequency

Vm

V2

V1

-

2

1

2

1

1,00

0,50

0,50

Max hazard

Pm

AA

P2

–P

0

2

4

-2

0,00

0,50

0,00

Exposed elements (high damage)

Dg

E2o

E2o

1

1

4

0

0,25

0,25

0,00

Exposed elements area (m2)

Ae

90.486

5

0

8

90.486

0,63

0,00

1,00

People at direct risk

Pa

89

12

1

0

4

77

0,25

0,00

0,87

People at indirect risk

Pd

15

2

0

0

4

13

0,00

0,00

0,87

People with risk of house loss

Pi

6

3

0

0

4

3

0,00

0,00

0,50

ISRa

ISRp

ISER

0,36

0,23

0,57

A–

Synthetic Indices
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Fig. 6 – Kiviat diagrams for the representation, for each parameter, of the Relevance Indices
in ante and post operam layout and of the Relative Effectiveness Indices.

The set of all Indices can also
be represented graphically through Kiviat diagrams that allow user
to represent the results of the
analysis of the mitigation effects
connected to the implementation
of a measure, highlighting with
“visual” immediacy which are
the characteristics of the measure and on which elements of the
risk scenario the measure has an
impact (Fig. 6) causing a variation
in the parameters that contribute
to the definition of the scenario
itself.
The values of the Relevance
Indices (ante and post operam)
can vary between zero and one
for each parameter, depending
on the assessments and evaluation of the risk scenarios associated with the area of influence of
the measure considered, where
highest values are indicative of
worse conditions for the area interested by the measure. Similarly, the Relative Effectiveness Indices also vary between zero and
one but in this case higher values
correspond to a higher estimated
effectiveness of the planned measure referring to the initial conditions of the specific parameters
considered.
Agosto 2022

Conclusions
The projects of hydrogeological
risk mitigation measures presented to MiTE by Regions and Autonomous Provinces for the funding
request often highlight technical
gaps in the information that, instead, are needed for a correct and clear definition of the risk scenario.
In many cases, actually, the significant elements of a design, such
as hazard, exposed elements and
design works, are not adequately
represented, both in typological
and spatial terms, elements which
are essential to define the scenario in ante operam layout and the
results expected in relation to the
realization of the design works.
On this matter, ISPRA has acquired twenty years of experience gained implementing the activities of
monitoring the measures financed
by MiTE and improved through
the ReNDiS platform. In this context, ISPRA has also collaborated
with AGI (Italian Geotechnical Association) for the drafting of new
guidelines for the design of landslide risk mitigation measure by preparing an operating methodology
useful to correctly represent the
significant aspects of the designs.

The methodology developed by
ISPRA and improved for all types
of instability, allows to represent
in a rapid and simplified way, but
standardized on a national scale,
the significant elements of a hydrogeological risk mitigation measure. On the basis of this methodology, ISPRA took care of the
implementation of a web application, called RaStEM (Standardized Representation of Mitigation
Effects), which constitutes a useful tool for designers in preparing,
even on a geographical basis, the
essential information data set necessary for the correct definition
of the risk scenario, making it
possible to share the information
set between all the administrations involved in the preliminary
assessment phase of the eligibility for public funding of a measure
through the communication of the
univocal code associated with the
measure.
RaStEM, moreover, has the aim
of supporting designers in requests
for access to national funding programs defined by MiTE, allowing
an immediate and clear reading of
the significant elements of the design as part of the preliminary investigation for financing purposes.
RaStEM application is available
on ReNDiS web (http://www.rendis.isprambiente.it/rendisweb/)
(Fig. 7.a and b), where it is possible to download the policy document which describes the criteria
used to implement the application
(http://www.rendis.isprambiente.
it/rendisweb/doc/indications_e_
metodologia_caratterizazione_
progetti.pdf) and the guidelines
(http://www.rendis.isprambiente.
it/rendisweb/doc/rastem/manuale_RASTEM_rev_beta01.pdf).
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