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Abstract: Water-related green infrastructures (WrGIs), also known as blue infrastructures, and sustainable
drainage systems (SuDSs) offer services such as stormwater runoff management, water purification,
water storage at the intersection of the built environment, and natural systems by mimicking natural
hydrological processes. While several papers document the reliability of such infrastructures in providing
a variety of water-related services, few studies investigated the actual behaviour and the attitude of
different stakeholders to understand the limitations and barriers in WrGIs/SuDSs implementation. In this
paper, we investigated these issues by posing a set of questions to 71 qualified stakeholders in three
Italian regions (Toscana, Liguria, and Sardegna) and one French region (Provence-Alpes-Côte d’Azur)
in the northwestern Mediterranean. The results of the investigation largely show a lack of knowledge
on these innovative solutions, although there is a general interest in their implementation both in
the Italian and French regions. Barriers are also constituted by the scarcity of the demonstrators
implemented, little knowledge on construction and maintenance costs, the absence of a proper
regulatory framework, and of fiscal and financial incentives to support private citizens and companies.
We finally suggest tools and soft measures that, in our opinion, may contribute to supporting the
implementation of WrGIs/SuDSs, especially in view of adapting Mediterranean territories to the
challenges posed by climate change. The results of our analyses may be reasonably up-scaled to the
whole Mediterranean coastal region.

Keywords: nature-based solutions; water-related ecosystem services; stormwater runoff management;
climate change; adaptation

1. Introduction

Water-related green infrastructures (WrGIs), also known as blue infrastructures, and sustainable
drainage systems (SuDSs) offer services such as stormwater runoff management, water purification,
water storage at the intersection of the built environment and natural systems by mimicking natural
hydrological processes. Some examples of such systems are: rainwater harvesting systems [1,2]
including managed aquifer recharge schemes [3], green roofs [4,5], permeable pavements [6], filter
drains [7], filter strips [8], vegetated swales [9], constructed wetlands [10,11], and bioretention
systems [12]. Several papers document the design, operation, and the reliability of such infrastructures
in managing stormwater runoff and providing other water-related services, see [13–21]. WrGIs/SuDSs
may also be relevant solutions for tackling climate change impacts by favouring infiltration, reducing
runoff volumes, and providing reliable and efficient adaptation measures [22–24]. Because of
this, recommendations and policies are supporting their application, for example in the European
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Union [25–27], in Australia with water sensitive cities [28], and in China with the national policy
initiative called Sponge City development [29].

However, few studies have been investigating the actual behaviour and the attitude of different
stakeholders to understand the limitations and barriers to WrGI/SuDS implementation. A large part of
these studies generally refer to green infrastructures (GIs) as a whole (which include WrGIs/SuDSs),
intended as (semi-)natural multifunctional (in relation to the ecosystem services they may provide)
infrastructures, and strategically developed in networks [30]. Among these, Barnhill and Smardon
(2012) [31] explored local stakeholders' perceptions on GIs and ecosystems services from both positive
and detracting perspectives in Syracuse, New York (US). They found the respondents displayed
confusion about what ecosystems services are, as well as what a GI is. Other studies investigated residents’
perceptions on GIs/SuDSs. Everett et al. (2015) [32] examined public perceptions of, and behaviour
around, bioswales by interviewing the residents of Portland, Oregon (US) living near bioswales.
The authors did find common issues affecting the residents’ appreciation and acceptance of bioswales,
environmental attitudes, in particular related to awareness and understanding of purpose and function,
plant choice and maintenance, and mess and littering. Tsantopoulos et al. (2018) [33] investigated
the attitudes toward GIs of eight hundred apartment owners in Athens (Greece) by submitting a
structured questionnaire. While they found a positive attitude towards the installation of, e.g., a green
roof, trellis, or vertical garden, the respondents were not familiar with the energy savings that may
occur from the installation of such infrastructures.In fact, the respondents declared a subsidy from
the state was required in order to implement green building solutions. The authors concluded
that the participants in their study were not environmentally aware, being mostly interested in the
aesthetics of their building. Sañudo-Fontaneda and Robina-Ramírez (2019) [34] ran a survey in three
neighbouring communities in Cáceres (Extremadura, Spain), in order to check the potential of SuDSs to
be considered for full implementation in southern Europe, by submitting a questionnaire to 276 dwellers.
The participants showed significant sensitivity towards the implementation of SUDSs. In Italy, Sturiale
and Scuderi (2019) [35] analysed the importance for urban governance to assess the citizens’ perception
of investments in GIs, and to estimate the benefits of related ecosystem services, as an initial attempt to
assess the interactions between stakeholders involved in urban projects for climate change adaptation
actions in cities. Recently, Venkataramanan et al. (2020) [36] published a multidisciplinary systematic
literature review to synthesise the research on people's existing knowledge about flood risk and
GIs, and how that shapes their attitudes and motivation to adopt these new solutions. The authors
considered 85 studies, out of 21,000, on GIs for flood management. Twenty studies reported low
rates of adoption. The authors finally recommend that researchers should capture data on the human
dimensions of GIs such as knowledge, attitudes, intentions, and behaviour across diverse settings more
systematically to improve program design and uptake. Zuniga-Teran et al. (2020) [37] interrogated five
key challenges for the effective implementation of GIs: (1) design standards; (2) regulatory pathways;
(3) socio-economic considerations; (4) financeability; and (5) innovation. The methods included a
literature review, case studies, and interviews with resilience managers. The authors highlighted two
underlying currents that run across all of the challenges: first, the role of political will as a pre-condition
for tackling all challenges holistically; and second, the role of stakeholder engagement in achieving
public support, harnessing funding, and maintaining and monitoring GIs in the long term.

Starting from such a background, in this contribution we present the results of a survey run by
means of interviews and questionnaires in the Mediterranean areas of Italy (three regions) and France
(one region) in order to synthesise evidence on the actual behaviour of local authorities towards the
uptake of WrGIs/SuDSs and the attitude of relevant stakeholders, involved in their design, maintenance,
or uptake, towards their implementation. The area under analysis is in the northwestern Mediterranean
and precisely the four regions of Sardegna, Toscana, Liguria (Italy), and Provence-Alpes-Côte d’Azur
(PACA, France; Figure 1). The interviews were run in these neighbouring regions, as this research is
part of the activities of the TRIG-Eau INTERREG MARITTIMO project.
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Figure 1. Geographical location of the investigated regions. 

Sturiale and Scuderi (2019) [35] affirm that “in Italy, the GIs are still few, limited to individual 
local initiatives and in any case, are not included in system logic, which is essential for achieving the 
objectives”. While performing a brief search in SCOPUS, using general keywords such as “green 
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“Sardinia”, we identified few studies demonstrating local applications [38–40]. Some more 
information, gathered from grey literature, may be found in [41]. Gimenez-Maranges et al. (2020) [42] 
recently published a paper where they identified existing pilots, in southern France and in Italy, 
analysed the transition to adaptive storm-water management and discussed experiences on SuDSs. 
They conclude that “SuDS are fostered in both countries but while a recent increase in their adoption 
can be observed in Southern France, their implementation is more limited in Italy”. 

Our research aims, behind framing the present conditions in the aforementioned areas, at 
highlighting the perception of relevant technical stakeholders of WrGIs/SuDSs, and identifying 
barriers and limitations preventing their uptake, while providing information-driven suggestions for 
supporting the development of green and sustainable engineering design and their diffusion in the 
four regions.  

2. Materials and Methods  

In order to prepare the present analyses, four major steps were undertaken. Within a broader 
questionnaire, a set of 23 questions on knowledge, actual behaviour, and attitude towards GIs/SuDSs 
was prepared, and then delivered to relevant stakeholders in the four areas. The gathered data were 
validated and then analysed.  

As we foresaw potentially limited awareness on the topic of GIs/SuDSs, in order to facilitate the 
completion of the questionnaire, a brief presentation on stormwater runoff management, and on 
GIs/SuDSs, was prepared. The two-page presentation also briefly discussed the strategic differences 
in the management of stormwater runoff between traditional drainage systems and GIs/SuDSs. To 
facilitate the stakeholders’ understanding, the questionnaire also included an appendix in which 
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Sturiale and Scuderi (2019) [35] affirm that “in Italy, the GIs are still few, limited to individual
local initiatives and in any case, are not included in system logic, which is essential for achieving the
objectives”. While performing a brief search in SCOPUS, using general keywords such as “green
infrastructure” or “sustainable drainage system”, and “Italy” or “Tuscany” or “Liguria” or “Sardinia”,
we identified few studies demonstrating local applications [38–40]. Some more information, gathered
from grey literature, may be found in [41]. Gimenez-Maranges et al. (2020) [42] recently published a
paper where they identified existing pilots, in southern France and in Italy, analysed the transition to
adaptive storm-water management and discussed experiences on SuDSs. They conclude that “SuDS
are fostered in both countries but while a recent increase in their adoption can be observed in Southern
France, their implementation is more limited in Italy”.

Our research aims, behind framing the present conditions in the aforementioned areas, at highlighting
the perception of relevant technical stakeholders of WrGIs/SuDSs, and identifying barriers and
limitations preventing their uptake, while providing information-driven suggestions for supporting
the development of green and sustainable engineering design and their diffusion in the four regions.

2. Materials and Methods

In order to prepare the present analyses, four major steps were undertaken. Within a broader
questionnaire, a set of 23 questions on knowledge, actual behaviour, and attitude towards GIs/SuDSs
was prepared, and then delivered to relevant stakeholders in the four areas. The gathered data were
validated and then analysed.

As we foresaw potentially limited awareness on the topic of GIs/SuDSs, in order to facilitate
the completion of the questionnaire, a brief presentation on stormwater runoff management, and on
GIs/SuDSs, was prepared. The two-page presentation also briefly discussed the strategic differences
in the management of stormwater runoff between traditional drainage systems and GIs/SuDSs.
To facilitate the stakeholders’ understanding, the questionnaire also included an appendix in which
some of the most relevant types of GIs/SuDSs were presented through illustrative schemes (images
modified from SFPUC, 2010 [43]). Particular attention was paid to the questionnaire preparation,
in order to allow both direct or remotely run interviews, and even autonomous completion without
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interview. Stakeholders were asked to get familiar with the introduction and the appendix before the
interview took place or the questionnaire was completed.

In each of the four regions, we identified, thanks to the support of colleagues taking part in the
INTERREG TRIG-Eau project [41], the list of the stakeholders to be interviewed. Such a list was defined
during meetings with project partners and was based on the different socio-economic conditions of
the areas involved. The following stakeholders (public and private) involved in stormwater runoff

management in urban and peri-urban areas were identified: local authorities, regional or national
authorities, river basin authorities, land reclamation entities, water utilities, consultant companies or
chartered professional organisations and research institutions, construction companies, social housing
companies, and citizens’ societies (i.e., environmental and/or civil protection societies). At all of the
public authorities and research and consultant companies, we interviewed technical staff in charge of
activities related to stormwater runoff management. However, at a very small number of stakeholders,
this was not possible. The analysis was run from June 2017 to January 2018. Although private citizens
play a relevant role in the transition to adaptive stormwater management, we did not interviewed
private citizens, as we were interested in understanding the level of knowledge of the technical staff on
thebehaviour and attitude.

The title of the questionnaire was: “Investigation on flood risk management in urban and
peri-urban areas and on the attitude towards innovative mitigation strategies”. The questionnaire
queries included binary type (yes, no), ordered (mostly on a Likert scale from 1 to 5), and nominal
(free response) variables (see e.g., [44–48]).

In the first and second section of the questionnaire, we aimed at gathering basic information for
characterising the stakeholders. We asked the interviewed person (or the one compiling the questionnaire)
to answer questions about the institution/organisation, type of institution/organisation, and his/her role
in the institution. We also required qualitative information on the main features of the area (such as
urban, peri-urban or rural; inland or coastal; population size, etc.) in which the institution/organisation
was running its main activities. We grouped the questions posed to the stakeholders according to:
(i) actual behaviour on WrGI/SuDS implementation (15 questions), (ii) attitude towards WrGIs/SuDSs
(eight questions). We formulated questions to assess the actual behaviour, documenting the types of
WrGIs/SuDSs that were implemented, as well as the reasons or motivations for using them. We then
investigated the attitude of all of the stakeholders towards innovative approaches to urban drainage
management, including the use for which they believe WrGIs/SuDSs are more functional, and which
actions should/could be set in practice to facilitate their diffusion.

At the end of the survey, we received answers from 79 stakeholders. They were validated and
then digitised to be analysed. After the validation process, we had 14 completed sets of answers
coming from Liguria, 13 from Sardinia, 22 from Tuscany, and 22 from PACA, for a total of 71 validated
questionnaires (Table 1).

Table 1. Number of questionnaires completed and validated per region.

Regions Liguria Sardegna Toscana PACA Total

N. completed questionnaires 14 13 22 22 71

The answers in ordered variables were analysed both by considering (i) the complete statistical
population, (ii) a subset of it constituted only by local authorities, and (iii) a comparison between the
data of two groups of interviewees (planners and prescribers). Given the use of ordinate values, often
resulting in a non-normal distribution, we performed a non-parametric test to verify and quantify
the probability whether the medians belonged to different populations or not. The implemented
non-parametric test was the Mann–Whitney U test. Statistical analysis was carried out with Max Stat
Lite software (http://www.maxstat.de/; MaxStat Software, 26441 Jever-OT Cleverns, Germany) using a
descriptive statistical approach.

http://www.maxstat.de/
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3. Results and Discussion

3.1. Stakeholder Characterisation

We introduce first a presentation of the interviewed sample characteristics. Out of the
71 questionnaires, the two most represented typologies of interviewed stakeholders (SHs) were
local authorities (26 SHs, 15 out of 26 from Italy and 11 from France), and consultants (17 SHs, mostly
from Italy, as in the number of 15; Figure 2). The most common role of the interviewed SHs was
the decisional one (34 SHs), while 22 SHs indicated technical consultant/scientific advisory functions.
Authorities, having chosen the decisional function as the main one, accompanied it with the control
and financial functions in many cases. This led us to define two major groups of stakeholders:
the planners, the stakeholders linked to public administration with decisional, financial, and control
powers, and the prescribers, practitioners/academics/organisations able to influence the planners with
their technical/scientific knowledge.
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Figure 2. Number of completed questionnaires received per type of stakeholder.

The majority of the stakeholders operate in areas that cover urban, peri-urban and rural areas
(37 SHs). In total, the urban area is of interest for 57 out of 71 respondents. The peri-urban area
is of exclusive interest for six respondents, while the rural area for five only. The majority of the
stakeholders interviewed (41 SHs) acts in areas with more than 50,000 inhabitants. A population
above 50,000 inhabitants is indicated with particular frequency by the interviewees from the PACA
region (France, 20 SHs out of 22). Eleven SHs act in areas with populations between 50,000 and 25,000
and three in areas with a population between 25,000 and 10,000. The smaller population centres
are represented by eight SHs, acting in areas with populations between 10,000 and 5000 inhabitants,
seven in areas with populations between 5000 and 1000 inhabitants, and there is only one case of a
municipality with fewer than 1000 inhabitants (Figure 3).

Only 38 out of 71 interviewees were familiar with the concept of WrGIs/SuDSs, and only 13
(out of 26) local authorities (five out of 15 from Italy and eight out of 11 from France). Among the
consultants and research institutions, 12 out of 17 SHs claimed to be familiar with SuDSs. Knowledge
of WrGIs/SuDSs was evident in about 50% of local authorities, with French ones more updated on
innovative forms of stormwater runoff management; in fact, only 30% of Italian local authorities were
knowledgeable about WrGIs/SuDSs. On the other hand, Italian consultants seem to be quite updated.
We assume the same for the French region, as per similarities with the local authorities case, although
our technical/scientific sample is small on the French side.
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3.2. Actual Behaviour

We focus here on the answers provided by the 26 local administrations, that is, the technical SHs
having the most complete information on the measures actually in place, given their decision-making role.

In order to frame the actual behaviour on the stormwater runoff management strategies adopted
and already in place in the four regions, we first posed a question on the presence of conventional grey
infrastructures, then on the implemented WrGIs/SuDSs. The answers show local drainage strategies
still rely more frequently on separate (21 cases) than on mixed sewer systems (11). In nine areas,
the two systems largely co-exist. Only four SHs declared the existence of stormwater runoff treatment
systems in their area.

With regard to WrGIs/SuDSs, 18 out of 26 administrations confirmed that they are in place in
their area. We found the absence of any type of SuDS in five local administrations, while in three
cases the respondents were unable to provide an answer to this regard. This is somehow surprising
when looking at the initial question on familiarity with WrGIs/SuDSs, where only 13 out 26 local
administrations replied positively. We explain this as a result of a terminology gap in local authorities
in classifying these infrastructures. This has already been highlighted in [49] and may be viewed as
an example of miscommunication. In fact, familiarity with WrGIs/SuDSs is probably lower because
the interviewed staff did not know the infrastructures with such definitions/terms. This in turn may
be due to the fact that interest in these infrastructures is relatively new, and still not widespread in
university/professional courses in the regions. Hence, staffs at local authorities, advanced in age,
having also less demand and obligation for continuous learning, are not updated on the unifying
background, that is recently given under the name of WrGIs/SuDSs, to infrastructures such rainwater
harvesting, permeable pavements, and green roofs, that have been on the scene for decades.

The implementation of WrGIs/SuDSs is not homogenous within the investigated areas: 82% of
French local administrations stated the implementation of at least one typology, while in Italy only
60% did so. With respect to the investigated Italian context, the French region of PACA seems to be
more advanced in the use of WrGIs/SuDSs, showing more familiarity, and more frequent and various
use of typologies. Administrations implementing SuDSs indicated the use of three different types
on average. Rainwater harvesting and permeable pavements are by far the more frequently used
schemes, at 21% and 14%, respectively. Rare, but present, are green roofs, drainage trenches, vegetated
channels, infiltration basins, and artificial wetlands. Only French local administrations stated the use
of drainage trenches and green roofs (Figure 4). With this results we confirm via direct investigation
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what was found in [42] based on web-available grey literature review: WrGIs/SuDSs are fostered in
both countries, but their adoption is more pronounced in the PACA region and limited in the Italian
regions. We also notice that [42] does not report any pilot project in PACA, while at the same time,
WrGI pilots exist in Tuscany (i.e., a large scale phytotreatment scheme near Pisa [50], and a managed
aquifer recharge scheme ( a two-stage infiltration basin) in Suvereto [51]).Water 2020, 12, x FOR PEER REVIEW 8 of 18 
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Figure 4. Type and number of WrGIs/SuDSs implemented in the four investigated regions.

Within the investigated areas, regulations supporting the adoption of WrGIs/SuDSs are still largely
absent, being mentioned by only three local administrations (two in Italy and one in France; Figure 5).
In such cases, the regulations supporting the use of WrGIs/SuDSs are included in the municipal urban
planning regulations, or within the technical norms for flood and geomorphological risk management
plans in Italy (Piani di Assetto Idrogeologico, PAI) and in water resource management plans in France
(Schéma directeur d'aménagement et de gestion des eaux, SDAGE). In 17 out of 26 cases, administrations
declared the absence of regulations supporting WrGIs/SuDSs and in one case they were not able
to answer. Guidelines for facilitating the implementation of SuDSs are available at only five local
authorities. We also notice that when asked about the presence of norms for the management of
stormwater runoff, 13 administrations gave a positive answer, four mentioned guidelines, seven gave
a negative answer, and one stated no knowledge about it. As WrGIs/SuDSs are rarely mentioned
as effective measures then, in the investigated regions, there is a need for updating regulations and
norms. It is not surprising to know that regulations on stormwater runoff management are in place
at only 13 out 26 local authorities. This shows that the legal framework may constitute a barrier to
WrGIs/SuDSs adoption by not expressly mentioning or giving value to their implementation. The same
issue was raised in [19]. In their research, on the state of SuDSs delivery in the United Kingdom,
Melville-Shreeve et al. (2018) [19] mentioned that the design and construction remain weakly regulated,
citing a lack of a clear legal framework on SuDS ownership and maintenance. These authors also called
for the need for a single adoption method, coordinated by the local authority, and suggested policy
changes to make SuDSs obligatory.



Water 2020, 12, 1474 8 of 17

Water 2020, 12, x FOR PEER REVIEW 8 of 18 

 

 

Figure 4. Type and number of WrGIs/SuDSs implemented in the four investigated regions. 

 

Figure 5. Presence of regulations/norms supporting the implementations of WrGIs/SuDSs. 

  

15

10

5
5

5

5

4

4

1
1 2

5
3

rain water harvesting systems

permeable surfaces

drainage trenches

vegetated swales

green roofs

geocellular systems

constructed wetlands

infiltration basins

filtering strips

bioretention areas

other

not implemented

don't know

Figure 5. Presence of regulations/norms supporting the implementations of WrGIs/SuDSs.

On a more advanced level, the use of participatory processes for the planning and management of
drainage systems and the implementation of WrGIs is still largely a minority at all decision-making,
program, and project levels, as shown in Table 2. Both for drainage system management and
implementing WrGIs/SuDSs, few administrations declared that they are using participatory processes,
demonstrating still a top-down conservative approach.

Table 2. Use of participatory processes in decision-making for drainage system management and the
set-up of WrGIs/SuDSs.

Participatory Processes for

Drainage System Management Yes No Do Not know No Answer

At Political Level 3 15 6 2
At Planning Level 3 16 6 1
At Design Level 6 13 6 1

Implementation of WrGIs/SuDSs Yes No Do Not know No Answer
At Political Level 1 16 4 5
At Planning Level 1 17 4 4
At Design Level 1 17 4 4

In the investigated areas, almost all the administrations mentioned that there are no fiscal or
financial incentives for private entities (citizens or companies) to support or promote the management of
stormwater runoff (Table 3). The same question was posed more precisely, referring to the implementation
of WrGIs/SuDSs. Only two authorities in France mentioned this possibility for fiscal incentives, while
no financial support is provided. It must also be noticed that we received a high rate of “do not know”
and “no” answers to these two questions, about 25% and 30%, respectively. The absence of fiscal and
financial incentives may surely constitute a barrier to WrGIs/SuDSs uptake by private citizens and
companies as also found by Tsantopoulos et al. (2018) [33].

Finally, updating strategies for urban/peri-urban flood risk management is generally perceived
as highly needed by the majority of the respondents. Giving an opinion on a Likert scale from 1
(not needed) to 5 (highly needed), the median value of the answers is 5. It is also largely recognised,
by almost 80% of the respondents, that updates will need to cope with climate change and that specific
measures able to adapt to climate change are needed. However, we have to mention that four local
authorities did not agree, explaining the answer with the fact that the stormwater runoff management
systems and strategies in place are so obsolete that they will have to be changed anyway.



Water 2020, 12, 1474 9 of 17

Table 3. Fiscal and financial incentives for supporting the management of stormwater runoff and the
set-up of WrGIs/SuDSs).

Management of Stormwater Runoff Set-Up of WrGIs/SuDSs

Yes No Do Not Know No Answer Yes No Do Not Know No Answer

Fiscal Incentive 3 19 4 0 2 18 5 1
Financial Incentive 1 17 1 7 0 15 3 8

3.3. Attitude towards WrGIs/SuDSs

We present here the results of the survey for the whole number of stakeholders interviewed,
not only the public local authorities. In the target areas, we recorded a large, but variable, interest in
the use of innovative measures such as WrGIs/SuDSs. The interest, expressed on a scale from 1 to 5,
stands on a median and a 75th percentile of 4, while the value of the 25th percentile is 2.

The types of WrGIs/SuDSs considered as the most interesting for drainage system updates are
again rainwater harvesting systems and permeable pavements (Figure 6). Drainage trenches, vegetated
channels, and infiltration basins are considered interesting by about half of the respondents, but their
effectiveness and reliability seems not to be fully understood. This is probably due to the absence/or
relatively new presence of successful pilots or demonstrative schemes in the investigated areas, which
could raise the confidence of the stakeholders. However, the interest in these types of GIs for future
drainage management may indicate an initial strategic and systematic vision of the implementation of
WrGIs/SuDSs at the network level: vegetated canals and trenches are linear drainage elements, while
the basins and wetlands are points of delivery for surface runoff.Water 2020, 12, x FOR PEER REVIEW 10 of 18 
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Figure 6. Stakeholder interest in different types of WrGIs/SuDSs as a percentage of those interviewed.

Stakeholders were asked for which services, in their opinion, WrGIs/SuDSs were the most suitable.
We proposed seven predefined voices: (1) urban and peri-urban flood risk control (HR), (2) protection
against erosion (EC), (3) increase in water resource (WS), (4) pollution control (PC), (5) environmental
restoration (ER), (6) recreational service (RV), and (7) economic efficiency (EE). The interviewees
expressed their opinion, assigning to each service a value on a scale between 1 (the least important
element) and 7 (most important). The results (Figure 7) show that the WrGIs/SuDSs are generally
considered relevant for providing HR services, which obtained the highest median (6.5) and a 25th
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percentile of 5. Half of the interviewees assigned to HR values between 5 and 7. The second theme for
reliability is ER, with a median of 5, a 25th percentile of 4, and a 75th of 6. EC obtained similar values,
but was characterised by less homogeneity, with a 25th percentile of 3. WS, PC, RV, and EE obtained
equal medians, but different distributions. In particular, WS and RV are the services to which lower
values were assigned, 50% of the time between 2 and 5.
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Figure 7. Box-plot for the utility of WrGIs/SuDSs perceived by stakeholders on a Likert scale from
1 (very low) to 7 (very high): HR (flood risk control), EC (erosion control), WS (water storage), PC
(pollution control), ER (environmental restoration), RV (recreational value), EE (economic efficiency).

These answers partly confirm the stakeholders interest for types of WrGIs/SuDSs aiming at mitigating
surface runoff (permeable pavements and rainwater harvesting systems). Indeed, the aforementioned
preference for rainwater harvesting systems may raise interest on the use of SuDSs for water resource
management, while from the answers we understand this water supply service seems not to be
fully recognised.

With respect to the cost of the construction and maintenance of WrGIs/SuDSs compared to
conventional infrastructures, in more than 50% of the cases, stakeholders say they have no information
for answering these questions (Figure 8). However, although the costs for both WrGI/SuDS construction
and maintenance are higher, in about 35% of the cases, the SHs believe the benefits overwhelm the
cost increase. A small number of stakeholders consider the costs of WrGI/SuDS construction and
maintenance to be even less expensive (ten and seven, respectively). The opinion of the subjects who
considered the construction and maintenance costs to be higher than those of the grey infrastructures
is probably influenced by their lack of familiarity with these interventions, which have not yet been
carried out systematically. To support the cost–benefits evaluation of these infrastructures, decision
support systems exist that allow for the comparison of different drainage scenarios, conventional or
with the use of WrGIs/SuDSs, on construction and maintenance costs, energy consumption, greenhouse
gas emissions, and the provision of ecosystem services (i.e., E2STORMED; [52]).

When asked about the potential interest for the implementation of WrGIs/SuDSs in the investigated
areas, 39% answered that there is interest for this kind of infrastructure. The rest of the stakeholders
answered that the general lack of interest is related above all to the still sporadic local knowledge
on these systems (27%; Figure 9). A further 10% explicitly prefer traditional systems because, it was
said, they are well known and reliable. This stresses again the importance of demonstration pilots and
capacity building. However, the construction and maintenance costs and efforts are still perceived as
limitations to the diffusion of these systems by 24% of the respondents. These results seem to reduce,
in the investigated domain, the importance of one of the factors limiting the use of WrGIs/SuDSs,
as described in the literature (see [53,54]): the strong trust by administration staff towards conventional
engineering practices. In fact, only seven out of 71 stakeholders indicated the reliability of conventional
systems as a limiting factor to the implementation of WrGIs/SuDSs.
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Figure 8. Number of answers for the question on whether cost of construction and maintenance for
WrGIs/SuDSs vs. conventional infrastructures may be (1) higher and the benefits do not compensate
for the increase; (2) higher but the benefits compensate for the increase (3) lower; (4) do not know.Water 2020, 12, x FOR PEER REVIEW 12 of 18 
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Figure 9. Causes for reduced local interest in WrGIs/SuDSs: (1) traditional systems are reliable
and recognised; (2) the long-term maintenance costs of WrGIs/SuDSs are considered problematic;
(3) the construction costs of WrGIs/SuDSs are considered higher than those of the grey infrastructures;
(4) little general interest in the area for WrGIs/SuDSs; (5) there is interest in WrGIs/SuDSs in the area.

Finally, respondents indicated that the dissemination of information can be an effective tool to
increase interest in these systems, as well as fiscal and financial incentives (Figure 10). All the stakeholders
agreed that information activities and campaigns may support the uptake of new green measures for
stormwater runoff management. However, they believed that financial and fiscal incentives might be
more relevant for stimulating the adoption of GIs.
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3.4. Planners’ and Prescribers’ Opinions

The stakeholders’ opinions were compared by dividing them into two populations of comparable
size called Planners and Prescribers. The comparison was made between the answers provided by the
two populations to the questions on: (i) the need for updating stormwater management strategies;
(ii) is there interest in SuDSs in your area?; (iii) do you believe information activities on SuDSs may
support their uptake?; and iv) do you believe fiscal and financial incentives on WrGIs/SuDSs may help
their uptake? Given the ordered variables, the non-parametric Mann–Whitney U test with a significance
of p < 0.05 was used. The results (Table 4) indicate a general uniformity of opinions between Planners
and Prescribers, with reduced differences that are not statistically significant. The only differences
actually measured are in the perception of the interest in WrGIs/SuDSs in the target areas and in
the usefulness of tax and financial incentives. In the first case, the Prescribers believe that there is a
reduced general interest, compared to the Planners' opinion, with medians of 3 and 4 respectively,
and p < 0.0003. Tax and financial incentives to spread the use of SuDSs are considered more efficient
by Prescribers (5) than by Planners (4), with p < 0.039. Moreover, the same test was run to analyse
the two populations’ view on the services WrGIs/SuDSs may provide. In this case there were also no
statistically significant differences.

Table 4. Results of the comparisons of questions with an ordered scale from 1 to 5 between Planners
and Prescribers with a Mann–Whitney U test.

Need for Updating Stormwater
Management Strategies? Is there an Interest in SuDSs?

Median Different Pop? ( p < 0.05) Median Different Pop.? (p < 0.05)

Planners 4.5
No (p = 0. 36)

4
Yes (p = 0.0007)

Prescribers 5 3

Do You Believe Information Activities on
WrGIs/SuDSs May Help Their Uptake?

Do You Believe Fiscal and Financial Incentives
on WrGIs/SuDSs May Help Their Uptake?

Median Different Pop.? (p < 0.05) Median Different Pop.? (p < 0.05)

Planners 4
No (p = 0.52)

4
Yes (p = 0.039)

Prescribers 4 5
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4. Conclusions

In this paper we investigated the actual behaviour and attitude of 71 relevant stakeholders
towards WrGIs/SuDSs in three Italian regions (Toscana, Liguria, and Sardegna) and one French
region (Provence-Alpes-Côte d’Azur) in the northwestern Mediterranean. Our investigation reached a
wide range of technical stakeholders, including authorities not only dealing with stormwater runoff

management, but also with resilience to current climate changes, and in particular water resource
management. We also involved a variety of qualified stakeholders for their scientific and technical
knowledge (academics and practitioners) related to WrGI/SuDS themes, together with associations
interested in the topic and representing the local areas. However, our investigated sample does
not include representatives of the local authorities from some of the large cities in the region, such
as Florence and Genova. Local representatives from academia, chartered professionals, or relevant
companies were interviewed from these areas. Then, we believe that given the limited adoption of
WrGIs/SuDSs in these cities, as for others in the sample, the dimension of the urban area does not
constitute an element that may change the attitude or behaviour in local authorities.

When framing the present conditions, 53% of the stakeholders show familiarity with the concept
of WrGIs/SuDSs, but at the same time we identified a large number of stakeholders (47%) with
limited or even no knowledge on the matter. The implementation of WrGIs/SuDSs is claimed by
about 80% of French local authorities and 60% of Italian ones. We also noticed that many of the
respondents were not aware of the unifying background that has recently been given under the name
of WrGIs/SuDSs. Compared to PACA, we noticed a potential reduced environmental sensitivity of
Italian local administrations and the low propensity for innovation and knowledge of information
and models coming from northern EU. The French region of PACA also seems to be advanced on the
adoption of WrGIs/SuDSs, presenting the implementation of more typologies, although [42] does not
report any pilot project in that area, while pilots exist in the Italian areas. Generally, the outcomes
of our survey directly confirm the lower attention paid to WrGIs/SuDSs in Mediterranean countries
compared to northern European ones, as also stated in [42,55].

Stakeholders consider systems they are already familiar with (i.e., rainwater harvesting systems,
permeable pavements) as the most interesting for implementation. Undoubtedly, this evidence calls
for the need for demonstration pilots of the reliability of less common infrastructures. A positive
aspect is that about 35% of the SHs fully understand the importance of the benefits of WrGI/SuDS
implementation, although the construction and maintenance costs might be larger than for conventional
infrastructures. For the services these infrastructures may provide, the stakeholders are mainly focused
on traditional flood risk prevention, and secondly on environmental restoration, while the potential
increase in water availability and pollution prevention services are not considered of particular interest.

The survey allowed us to define the main barriers and limitations of technical and social nature to
WrGI/SuDS uptake in the investigated regions. For the first one, the main limitation to WrGI/SuDS
adoption is explained by an absence of knowledge of these solutions (27%). Uncertainties on the
design, construction, and maintenance costs are also perceived as main barriers: more than 50% of the
stakeholders declared they have no elements to judge the cost of the construction and maintenance
of WrGIs/SuDSs with respect to conventional infrastructures. To this aim, software tools for aided
decision-making may be valuable tools for performing such analysis [52]. They should be used for
comparing conventional and WrGI/SuDS interventions, not only on the construction and maintenance
costs, but also on the energy consumption, greenhouse gas emissions, and the provision of ecosystem
services of each planned infrastructure.

Regulations supporting the adoption of WrGIs/SuDSs are still largely absent in the four regions
(only present in three out of 26 local authorities) and guidelines for their implementation are only
available at five local authorities. This makes it difficult to plan these innovative infrastructures
following often old bodies of norms and regulations. As in the areas of Liguria, Sardegna, PACA,
and Toscana there is a common need for updating stormwater runoff management strategies and
drainage systems to adapt to climate change, there may be space to include WrGIs/SuDSs into new
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planning instruments. At the same time, participatory processes are run in projects (i.e., the EU-MED
Programme E2STORMED project [52], or the TRIG-Eau project [41]) where cooperation between
academia/research and local authorities takes place, but they are completely lacking outside this
framework, highlighting dominant top-down approaches. Fiscal or financial incentives to support the
implementation of WrGIs/SuDSs by private citizens and companies are also missing or not advertised
adequately, but a central element in the transition to GIs, and a barrierto be removed.

However, 10% of the stakeholders explicitly prefer traditional systems because they believe these
are well known and reliable. Additionally, questions about infiltrating low-quality, if not polluted,
water in underlying aquifers arose [56]; these issues are at present not really considered in the literature
aside from general considerations i.e., [57]. A general framework for risk assessment during the design
phase should be set up, such as the one described in [58] for managed aquifer recharge. This again
stresses the need for reliable (in the sense of monitored) demonstrators, a fundamental step to increase
confidence in such infrastructures.

All the stakeholders agree that information activities and campaigns may support the uptake
of WrGIs/SuDSs. Capacity building, in the form of short courses, workshops, and webinars for
practitioners or technicians from public authorities, but also to policy/decision-makers, is a key
cornerstone for the transition to adaptive stormwater management. This is especially true if such
training experiences are based on the above-mentioned experimental demonstrators, where data are
gathered and rigorously analysed by cooperative work performed jointly by the research and the
public/private environment, and potentially supported by citizen science activities.

Our results confirm the direct voices of the main actors involved the conclusions of
Gimenez-Maranez et al. 2020 [42], results only based on web-searches. WrGIs/SuDSs are increasingly
being supported in France and Italy, but in the investigated regions, their adoption is more advanced
in the PACA region and still limited in the Italian regions. All the above-mentioned tools and soft
measures, tailored to the needs of the local areas, in our opinion, may contribute to support for
the implementation of WrGIs/SuDSs, especially in view of adapting Mediterranean territories to the
challenges posed by climate change.
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