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Abstract. The old age of existing road infrastructures has highlighted different
issues related to safety management and governance of road systems in many
European countries. In fact, safety problems are affecting infrastructure networks
generating the need of a sustainable planning of interventions as well as manage-
ment of traffic flows in a territory. In this context, the different private/public
actors have an active role to minimize undesirable economic and social impacts.
The present research addresses this issue by means of an organizational analysis
based, first, on the identification of all the stakeholders who can define appropri-
ate decisions following specific organizational models. Considering a road net-
work in Rome (Italy), the study proposes the remote sensing by satellites as a
useful tool for the stakeholders within a territorial investigation. Indeed, the
safety issue of road networks needs complex analyses where all the elements have
to be investigated together to achieve a more comprehensive understanding of
the organizational issues to improve their governance.
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1 Introduction

The old age of existing road infrastructures has highlighted different issues related to
safety management and governance of road systems in many European countries. In
fact, safety problems with different degrees are affecting infrastructure networks gen-
erating the need of a sustainable planning of interventions as well as management of
traffic flows in a territory. In this context, the different private/public actors have an
active role to minimize undesirable economic and social impacts [1-5].
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In fact, over the years, different proposals (i.c., plans/strategies) have been defined
by different actors to improve the safety and resilience of urban systems against ex-
treme natural phenomena, as discussed in [6-11], highlighting the attention on their
design and execution standards. In [12-15], the GIS (Geographical Information System)
technique has been implemented for definition of risk-based plans. Moreover, Struc-
tural Health Monitoring (SHM) techniques [16-17], e.g., the remote sensing, i.e., the
Differential Interferometry Synthetic Aperture Radar (DInSAR) [18-19] have been in-
cluded in other management proposals. Contextually, some managerial approaches,
based on organizational issues, regarding safety of road networks have been presented
in [20-21].

The present research addresses the abovementioned issue by means of an organiza-
tional analysis based, first, on the identification of all the stakeholders who can define
appropriate decisions following specific organizational models: coordination model
useful when the actors involved are few and for a low risk; flexible model [22] grounded
on a "loosely coupled" interaction necessary for high risk and when there are many
actors involved [23]. Additional details may be found in [24].

Considering a road network in Rome (Italy), the study proposes the remote sensing
through satellites as a useful tool for the stakeholders within a territorial investigation
with respect to natural hazards (e.g., earthquake and landslide events, seasonal and sub-
sidence phenomena, variations of temperature, deterioration processes). Indeed, the
safety issue of road networks needs complex analyses where all the elements have to
be investigated together to achieve a more comprehensive understanding of the organ-
izational issues to improve their governance. The case study is useful to better explain
the two organizational models.

2 The remote sensing for an organizational analysis of road
networks

The DInSAR technique [25-26] employs the data of a satellite constellation (e.g., the
Italian COSMOSkyMed) to derive measurements of ground movements (e.g., veloci-
ties together with derived displacements). These measure values can vary on time de-
pending on natural/anthropic events.

The abovementioned technique is grounded on the phase difference of two or more
complex-valued SAR images, obtained by several sensors along the Lower Earth Orbits
(LEO), with a distance variable from 500 to 800 km, going along with polar (ascending
and descending) orbits to have a global coverage.

The SAR sensors may be characterised by different properties [25] which can affect
the final quality of data.

The processing of these remote sending based-data can represent the tool useful to
implement a territorial investigation of the road networks with respect to their safety
level. Additionally, the elaborated results can be treated in the GIS platform for their
graphical representation overlapped on the of the road networks. In this way, technical
maps [27] are defined and, therefore, can represent an effective instrument common to
all actors to understand the organizational issues (Figure 1) for an improvement of the
governance processes. In fact, all the stakeholders involved are immediately recognized



and an in-depth analysis with respect to the organizational issues can be approached
(Figure 1).

By this way, it is possible an improvement in involving the different private/public
actors, institutions and administration levels within the two organizational models pre-
viously mentioned. Specifically, the technical maps will support the choice between the
two models as a function of the actors number together with the level of safety.
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Fig. 1. Flowchart for organizational analysis.

3 A road network in Italy: case study of Rome

Referring to a case study corresponding to the road network in Rome (Italy), composed
of both national and regional highways, in agreement with the research projects [28]-
[29], this section deals with some results computed from the processing of the satellite
data.

Table 1. Roads and stakeholders.

Roads Stakeholders
“Al - Autostrada del Sole” “ASPI - AutoStrade Per I’Italia”
“A91” “ANAS S.p.A.”
“A12 - Autostrada Azzurra” “ASPI - AutoStrade Per I’Italia”
“Circonvallazione” Municipalility
“Grande Raccordo Anulare” “ANAS S.p.A.”
“A24” “Strada dei Parchi S.p.A.”
“Lungotevere” Municipalility

“SP 216 - Maremmana” Province
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In the GIS platform, Fig. 2 illustrates a map with technical information showing the
road network, adopted herein for the investigation, overlapped on the Municipality
boundaries of Rome.

Table 1 lists the stakeholders who can be involved within the organizational analysis
if necessary: “Strada dei Parchi S.p.A.”, “ASPI - AutoStrade Per [I’Italia”,
“ANAS S.p.A.”, Municipality and Province.

D Rome Municipality

Fig. 2. The road network under investigation.

Contextually to the identification of the geometry of the road network, there is the
phase of the processing of the DInSAR data, with reference to the SAR sensor images
(COSMO-SkyMED) corresponding to the ascending orbit during the last 8 years.

Setting 0.6 as coherence value [30], some millions of points have been monitored,
as can be deduced from Fig. 3 illustrating the average velocities.

In order to compute the technical maps having information on the displacements,
all the roads of the network have been subdivided in square “cells” 50x50m [25,31].
Next, the vertical displacement values have been derived, as recommended by [25,31],
and have been reported in the GIS platform (Fig. 4).

These partial results have a preliminary value but are essential to demonstrate the
effectiveness of the tool. In fact, it can be deducted that that some roads of the network
suffer potential damages for the high vertical displacements. It is also possible to rec-
ognize the potential stakeholders involved: by “ANAS S.p.A.”, “Autostrade per I’Italia
- ASPI”, Province and Municipality (Fig. 2 and Table 1).
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Fig. 3. Velocities corresponding to the ascending orbit.
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Fig. 4. Technical map showing the vertical displacements.



Considering the different potential actors involved and not very high magnitudes of
the vertical displacements, the most appropriate organizational model should be the one
coordinated referring to common guidelines. Instead, with reference to the specific road
having high displacements values, the most appropriate organizational model should
be focused on flexibility as the difficulty to coordinate the decision-making process.

It is essential to underline that more specific investigations are absolutely necessary
to check the infrastructures [32-35] sustaining the roads especially when high displace-
ments values are observed.

Although the preliminary value of this analysis, the outcomes demonstrate the ef-
fectiveness of the proposals for territorial investigations. In fact, the proposed technical
maps are an effective document to relate the networks and the actors to define the most
appropriate organizational model for improving the planning of interventions with re-
spect to the safety issue at a territorial overview.

4 Conclusions

This research presents some preliminary features of organizational analysis with
few preliminary results regarding the safety planning of the road networks. The analysis
is aimed to emphasize the roles of the stakeholders together with the need to be man-
aged within two organizational models. The processing of the remote sending based-
data in the GIS platform can represent the tool useful to implement a territorial investi-
gation of the road networks with respect to their safety level. In this way, technical
maps can be defined and, therefore, can represent an effective instrument common to
all actors to understand the organizational issues for an improvement of the governance
processes. In fact, all the stakeholders involved can be immediately recognized and an
in-depth analysis with respect to the organizational issues can be approached. By this
way, it is possible an improvement in involving the different private/public actors, in-
stitutions and administration levels within the organizational models by taking into ac-
count the actors number together with the level of safety.

As for the road network in Rome (Italy), the obtained results have demonstrated the
effectiveness of the organizational analysis for a territorial investigation. In fact, the
preliminary results highlight that higher magnitudes of the vertical displacements affect
only some roads with respect to most of the roads. In addition, by manes of the technical
map it is possible to recognize the potential actors involved (e.g., “ANAS S.p.A.”, “Au-
tostrade per I’Italia - ASPI”, Municipality and Province).

Although the preliminary value of the outcomes, the proposed technical maps are
an effective way to relate the networks and the actors to define the most appropriate
organizational model for improving the planning of interventions with respect to the
safety issue at a territorial overview.

The proposals are also effective and, so, can be extended to other international coun-
ties as well as to road networks between different nations to improve the international
governance of infrastructures.



Acknowledgments

This work is part of the collaborative activity developed by the authors within the
framework of the following research projects:

- ReLUIS fund projects 2019-2021 (Monitoring of reinforced Concrete Struc-
tures) — WP6 “Monitoring and satellite data”;

- ReLUIS fund projects 2022-2024 (Monitoring of reinforced Concrete Struc-
tures) — WP6 “Monitoring and satellite data”.

References

13.

. Blochl, B., Braun, B.: Economic assessment of landslide risks in the Schwabian Alb, Ger-

many - research framework and first results of homeowners and experts surveys. Nat Haz-
ards Earth Syst Sci 5, 389-396 (2005).

Cotecchia, V.: The Second Hans Cloos Lecture. Experience drawn from the great Ancona
landslide of 1982. Bulletin of Engineering Geology and the Environment 65, 1-41 (2006).

. lovine, G., Petrucci, O., Rizzo, V., Tansi, C.: The March 7th 2005 Cavallerizzo (Cerzeto)

landslide in Calabria — Southernltaly. In: Proceedings of the 10th IAEG Congress, 6—10
September 2006, 785, pp. 1-12. Nottingham, Great Britain (2006).

. Mansour, M. F., Morgenstern, N. R., Martin, C. D.: Expected damage from displacement of

slow-moving slides. Landslides 7, 117-131 (2011).

Castaldo, P., Calvello, M., Palazzo, B.: Probabilistic analysis of excavation-induced dam-
ages to existing structures. Computers and Geotechnics 53, 17-30 (2013).

Turner, R.K., Kelly, P.M., Kay, R.C.: Cities at Risk. BNA International, London (1990).
Smyth, C.G., Royle, S.A.: Urban landslide hazards: incidence and causative factors in Nite-
r6i, Rio de Janeiro State, Brazil. Appl. Geogr. 20, 95-117 (2000).

. Alcantara-Ayala, 1., Altan, O., Baker, D., Bricefio, S., Cutter, S., Gupta, H., Holloway, A.,

Ismail-Zadeh, A., Diaz, V.J., Johnston, D., McBean, G., Ogawa, Y., Paton, D., Porio, E.,
Silbereisen, R., Takeuchi, K., Valsecchi, G., Vogel, C., Wu, G., Zhai, P.: Disaster risks re-
search and assessment to promote risk reduction and management. In: Ismail-Zadeh, A.,
Cutter, S. (Eds.), ICSU-ISSC Ad Hoc Group on Disaster Risk Assessment (2015).
Briceflo, S.: Looking back and beyond Sendai: 25 years of international policy experience
on disaster risk reduction. Int J Disaster Risk Sci 6 (1), 1-7 (2015).

. McWilliam, W., Brown, R., Eagles, P., Seasons, M.: Evaluation of planning policy for pro-

tecting green infrastructure from loss and degradation due to residential encroachment. Land
Use Policy 47, 459-467 (2015).

. Kubal, C., Haase, D., Meyer, V., Scheuer, S.: Integrated urban flood risk assessment — adapt-

ing a multi-criteria approach to a city. Nat. Hazards Earth Syst. Sci. 9(6), 1881-1895 (2009).

. De Mendonca, M. B., Gullo, F. T.: Landslide risk perception survey in Angra dos Reis (Rio

de Janeiro, southeastern Brazil): A contribution to support planning of non-structural
measures. Land Use Policy 91, 104415 (2020).

Mangiameli, M., Cappello, A.: A new bridge management system based on spatial database
and open source GIS. Environment Systems and Decisions, 2023, ISSN:21945403,
DOI:10.1007/5s10669-023-09949-4.

. Mangiameli, M., Mussumeci, G., Gagliano, A.: Evaluation of the Urban Microclimate in

Catania using Multispectral Remote Sensing and GIS Technology. Climate Open Access
10(2), 18 (2022), ISSN:22251154, DOI:10.3390/c1i10020018.


https://www.scopus.com/authid/detail.uri?authorId=56962736600
https://www.scopus.com/authid/detail.uri?authorId=45761022000
https://www.scopus.com/record/display.uri?eid=2-s2.0-85177477087&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85177477087&origin=resultslist
https://www.scopus.com/sourceid/21100224426?origin=resultslist

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Hossein, Y., Sachio, E.: Geothermal power plant site selection using GIS in Sabalan area,
NW IRAN/Natural Resources and Environment (NRE). In: Proceedings of 6th Annual In-
ternational Conference on Geographical Information Technology and Applications. GIS De-
velopment Press, pp. 1-18, Kuala Lumpur (2007).

Figueiredo, E., Moldovan, 1., Barata Marques, M.: Condition Assessment of Bridges: Past,
Present and Future. A Complementary Approach. Universidade Catolica Editora, Unipes-
soal, Lda ISBN: 978-972-54-0402-7 (2013).

Italian Infrastructure and Trasport Ministry (MIT): Guidelines for classification and man-
agement risk, security assessment and monitoring of existing bridges. (2020).

Crosetto, M., Biescas, E., Duro, J.: Generation of advanced ERS and Envisat interferometric
SAR products using the stable point network technique. Photogramm. Eng. Remote Sens.,
4, 443-450 (2008).

Crosetto, M., Monserrat, O., Cuevas-Gonzalez, M., Devanthéry, N., Crippa, B.: Persistent
scatterer interferometry: a review. ISPRS J. Photogrammetry Remote Sens. 115, 78-89
(2016).

Troisi, R., Alfano, G.: Towns as Safety Organizational Fields: An Institutional Framework
in Times of Emergency. Sustainability 11(24), 7025 (2019).

Troisi, R., Castaldo, P.: Technical and organizational challenges in the risk management of
road infrastructures. Journal of Risk Research, (2022),
DOI:10.1080/13669877.2022.2028884.

Janssen, M., Van Der Voort, H.: Agile and adaptive governance in crisis response: Lessons
from the COVID-19 pandemic. International Journal of Information Management 55,
102180 2020).

Guo, X., Kapucu, N.: Examining stakeholder participation in social stability risk assessment
for mega projects using network analysis. International Journal of Disaster Risk Manage-
ment 1(1), 1-31 (2019).

Troisi, R., & Castaldo, P. (2022). Technical and organizational challenges in the risk man-
agement of road infrastructures. Journal of Risk Research, 25(6), 791-806.

Peduto, D., Cascini, L., Arena, L., Ferlisi, S., Fornaro, G., Reale, D.: A general framework
and related procedures for multiscale analyses of DInSAR data in subsiding urban areas.
ISPRS Journal of Photogrammetry and Remote Sensing 105, 186-210 (2015).

Berardino, P., Fornaro, G., Lanari, R., Sansosti, E.: A new algorithm for surface deformation
monitoring based on small baseline differential SAR interferograms. IEEE Trans. Geosci.
Remote Sens. 40 (11), 2375-2383 (2002).

Troisi, R., and Livia A. 2022. "Organizational Aspects of Sustainable Infrastructure Safety
Planning by Means of Alert Maps". Sustainability (Switzerland) 14(4):2335.

ReLUIS: Research project between the Italian Civil Protection Department and the Italian
Universities: WP 6: Monitoring and satellite data (2019-2021).

ReLUIS: Research project between the Italian Civil Protection Department and the Italian
Universities: WP 6: Monitoring and satellite data (2022-2024).

Yang, Y., Pepe, A., Manzo, M., Bonano, M., Liang, D. N., Lanari, R.: A simple solution to
mitigate noise effects in time-redundant sequences of small baseline multi-look DInSAR
interferograms. Remote sensing letters 4(6), 609-618 (2013).

Calvello, M., Cascini, L., Mastroianni, S.: Landslide zoning over large areas from a sample
inventory by means of scale-dependent terrain units. Geomorphology 182, 33-48 (2013).
Bertagnoli, G., Ferrara, M., Miceli, E., Castaldo, P., Giordano, L., Safety assessment of an
existing bridge deck subject to different damage scenarios through the global safety format
ECOV. Engineering Structures (2024).



33. Gino, G., Miceli, E., Castaldo, P., Recupero, A., Mancini, G., Strain-based method for as-
sessment of global resistance safety factors for NLNAs of reinforced concrete structures.
Engineering Structures 304, 117625 (2024).

34. Miceli, E., Castaldo, P., Robustness improvements for 2D reinforced concrete moment re-
sisting frames: parametric study by means of NLFE analyses. Structural Concrete. 25, 9-31
(2024).

35. Ferrara M., Gino D., Miceli E., Giordano L., Malavisi M., Bertagnoli G., Safety assessment
of existing prestressed reinforced concrete bridge decks through different approaches. Struc-
tural Concrete, (2024), https://doi.org/10.1002/suc0.202301049.


https://onlinelibrary.wiley.com/authored-by/Ferrara/Mario
https://onlinelibrary.wiley.com/authored-by/Gino/Diego
https://onlinelibrary.wiley.com/authored-by/Miceli/Elena
https://onlinelibrary.wiley.com/authored-by/Giordano/Luca
https://onlinelibrary.wiley.com/authored-by/Malavisi/Marzia
https://onlinelibrary.wiley.com/authored-by/Bertagnoli/Gabriele
https://onlinelibrary.wiley.com/doi/10.1002/suco.202301049
https://onlinelibrary.wiley.com/doi/10.1002/suco.202301049
https://onlinelibrary.wiley.com/journal/17517648
https://onlinelibrary.wiley.com/journal/17517648
https://onlinelibrary.wiley.com/toc/17517648/0/0
https://doi.org/10.1002/suco.202301049

