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Highlights
• Urbanization led to an increase of the built up area and an alteration of the hydrological cycle 

• Land use changes increased the flooding risk and the situation will worsen due to the  climate change

• SuDS can support traditional drainage systems (sewers) in the management of stormwater runoff

• The retention coefficient of SuDS can be directly connected to the resilience of urban systems

Urbanization dynamics that affected Italian cities in the last twenty years, led to 
significant land use changes. This phenomenon, mainly resulted into a progres-
sive extension of the impervious surface, gave rise to an alteration of the hydro-
logical cycle and an increase in urban flooding phenomena. 
In this scenario, Sustainable Drainage Systems (SuDS) and in particular Green 
Roofs, topic on which experimental research activities were carried out at the 
University of Salerno, can be considered effective solutions useful to reduce the 
hydraulic risk and to enhance city resilience.  
Analysing land use variations of a small urban catchment in the city of Mercato 
San Severino (SA) it was observed a soil imperviousness increase of 18% be-
tween 1995 and 2016. This phenomenon inevitably led to an overload of the 
drainage network, actually affected by several criticalities, and to an increase of 
urban flooding. Therefore, in this context, sustainable drainage strategies able 
to restore the drainage pattern prior to the soil sealing, influencing stormwater 
generation, can be considered a valid solution for the management of an ever 
increasing stormwater runoff.
However, in order to make the implementation of these sustainable infrastruc-
tures more effective in the management of urban flooding, a large portion of the 
current impermeable surface, almost 70% should be retrofitted. The preferable 
strategy, so, is that of using sustainable drainage systems only as mitigation tech-
niques, aiming not at the total restoration of the conditions prior to construction 
but at a partial reduction of the sewer load.
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1. Introduction

1.1 Challenges of the contemporary city

Italy, due to its geological, morphological and hy-
drographic characteristics, is naturally prone to 
the hydro-geological risk. The vulnerability of the 
Italian territory is often underestimated and ad-
ministrations usually take the action only after 
the occurrence of catastrophic events, trying to 
mitigate landslides and urban flooding impacts 
implementing hard-engineering infrastructures 
(i.e. drainage systems, banks, flood retention ba-
sins). Therefore, what is lacking is the desire to 
implement specific strategies for the prevention of 
such phenomena or, at least, for the improvement 
of risks management. However, prevention, which 
is certainly more effective, requires a careful hy-
drogeological assessment of the catchment areas 
in which these phenomena occur most frequently.
Urbanization and soil sealing, moreover, con-
tributed to worsen the situation. The increase in 
built-up area led to an inevitable increase in the 
impervious surfaces and a consequent alteration 
of the hydrological cycle (Recanatesi & Petroselli, 
2020; Galuppini et al., 2020; Palermo et al., 2020). 
In particular, as a result of this transformation, 
significant reductions in the rate of infiltration, 
evapotranspiration and the contribution destined 
to the groundwater recharge were detected with a 
consequent increase in flooding phenomena, heat 
islands and drought (Luino et al., 2012; Brando-
lini et al., 2012; Albano et al., 2014; Pistocchi et al., 
2015). In this scenario, therefore, the stormwa-
ter runoff is an increasingly serious problem for 
contemporary cities no longer able to dispose of 
excess flow through the drainage patterns typical 
of natural systems  and, in most cases, equipped 
only with traditional urban drainage systems, una-
ble to implement sustainable water management. 
These infrastructures, in fact, although they man-
age to solve the problem of wastewater disposal, 
often fail to quickly drain the runoff, generating 
"sewer floods", being also one of the main cause 
of widespread freshwater pollution. Moreover, the 
situation just presented should be carefully inves-
tigated also in the perspective of the ongoing cli-
mate change that will see, according to the latest 
Report of the Intergovernmental Panel on Climate 
Change, major modification to the meteorological 
phenomena occurring in the Mediterranean cli-
mate regions (D’Ambrosio et al., 2020).

In the last few years, finally, something changed. 
Slowly the awareness that it is not enough to inter-
vene after the phenomena occurred is growing up 
and the belief to implement preventive strategies 
to manage the hydrological risk is taking off.

1.2 Sustainable urban drainage systems: ze-
ro-impact solutions able to increase the 
resilience of urban areas

It is considered essential, today more than ever, 
to begin to tackle the problems related to the pro-
gressive soil sealing of increasingly large urban ag-
glomerations in a more structured and responsi-
ble? ( Bertilsson et al., 2019; La Loggia et al., 2012). 
In this regard, however, there are two different ap-
proaches to the problem: the first can be defined 
"traditional", the second "integrated" (D’Ambrosio 
et al., 2019). The traditional approach, therefore, 
essentially involves the possibility of enhancing 
the system's response capacity through the recon-
figuration of elements that are part of the existing 
traditional network or through the installation of 
detention tanks. The problem linked to the imple-
mentation of a strategy of this type mainly consists 
in the fact that, although it is able to reduce the 
load that the traditional drainage network must 
handle, it is not able to implement a sustainable 
management of precipitation runoff and to imple-
ment land restoration strategies. Therefore, a new, 
integrated approach to experimentation began, 
in which sustainable technologies, called green 
and blue infrastructure, come into play, capable 
of reducing the flow introduced into the network 
and bringing numerous benefits to the territory 
in which they are installed (Larsen et al., 2016; 
Kabisch et al., 2017). Such solutions, called in dif-
ferent parts of the world with different acronyms 
and subsequently identified as Sustainable Drain-
age Systems (SuDS), are able to partially restore 
the permeable surface and allow the territory to 
return to the drainage configuration prior to mas-
sive edification (Fletcher et al., 2015; Lashford et 
al., 2019).
Surely these infrastructures, even if capable of 
retaining, holding and filtering stormwater (Jo-
hannessen et al., 2018; Ghofrani et al., 2019; Lon-
gobardi et al., 2019; D’Ambrosio et al., 2020), can-
not completely manage the problem of runoff on 
their own. Nevertheless, if used in combination 
with traditional drainage systems, they are able 
not only to support the pre-existing network (re-

ducing the inlet flow and reducing the polluting 
load) but also to contribute to the generation of 
numerous additional benefits for human beings 
and the environment. SuDS, although all capable 
of reproducing the drainage configuration of the 
natural soils, differ in construction technology 
and in their different locations in urban contexts 
(Woods Ballard et al., 2015). Basins of bio-reten-
tion and bio-detention, rain gardens, draining 
trenches, green roofs and permeable parking lots 
are just some of the types of Sustainable Urban 
Drainage Systems that are spreading, a little at a 
time, also in Italy.

1.3 Objectives of the research

This study aims to illustrate the performance of 
a specific sustainable drainage system, the green 
roof, in Mediterranean Regions in terms of storm-
water retention capacity and to investigate if sus-
tainable drainage techniques in general could rep-
resent a useful tool to make cities more resilient 
in particular to hydraulic risk. The resilience, here 
intended also as “resistance”, is the ability of a sys-
tem to adapt and return to the initial conditions 
after a phenomenon that generate pressures on it. 
Starting from the results in terms of retention ca-
pacity of experimental analysis carried out on ex-
perimental Green Roofs set-up at the University of 
Salerno (IT), this research focused on the identifi-
cation of land use changes and hydraulic vulnera-

Figure 1: Sarno Basin, Hydrogeological Plan (P.S.A.I.), Hydraulic Risk. Watershed and its subdivision into 
five macro-areas. Source: Campania Region Basin Authority and author's elaboration.

bility increase in a catchment in the Municipality 
of Mercato San Severino (Sa, Campania Region, 
IT). Moreover, the assessment of the Green Roofs 
retrofitting surface able to restore drainage pat-
terns prior to the urban development was carried 
out, solving the criticalities related to the storm-
water management.

2. Materials

2.1 The Case Study: an urban catchment in 
the Municipality of Mercato San Severino 
(SA)

In order to quantify the impact of soil sealing on 
the effectiveness of drainage network, it was de-
cided to analyse the variations in terms of imper-
meable surface in an urban catchment in the Mu-
nicipality of Mercato San Severino (SA). 
Mercato San Severino’s climate is classified as 
warm and temperate. According to Köppen and 
Geiger, this climate is classified as Csa. The aver-
age temperature is 15.4 °C. The average rainfall is 
around 868 mm per year.The least amount of rain-
fall occurs in July (24 mm on average). Most of the 
precipitation falls in November, averaging 128 mm 
while the highes temperatures occurs in August 
(on average 23.4°C). January is the coldest month, 
with temperatures averaging 8.2 °C. The variation 
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in the precipitation between the driest and wet-
test months is 104 mm while throughout the year, 
temperatures vary by 15.2 °C.
The study area, inclued in the Sarno catchment, 
experienced over the years a substantial anthropi-
zation, which altered its natural conformation in-
creasing flooding risk. Therefore, several floods af-
fected the area during the years (1995-2016) with 
a substantial increase (+350 %) of this phenome-
na in the last decades (2005-2016),  characterized 
by invasive urbanization dynamics and soil sealing 
(Longobardi et al., 2016). 
In addition, for a correct evaluation of the Hydrau-
lic Risk in the study area, from the Hydrogeolog-
ical Plan (P.S.A.I.) of the Campania Region Basin 
Authority, maps with specific reference to the hy-
draulic risk were downloaded and analysed. The 
cartography shows that the territory in which the 
case study is located, is mainly characterized by a 
moderate and medium risk with numerous areas 

potentially prone to high risk.
In Figure 1 the identification of the watershed and 
its subdivision in 5 areas (A1, A2, A3, A4, A5) is 
represented.

2.2 Green Roofs retention capacity: the exper-
imental site  of the University of Salerno

The retention capacity of green roofs depends on 
many factors but, in the Mediterranean regions, 
characterized by wet winters and long period of 
drought during the summer, the moisture content 
of the substrate is considered one of the key ele-
ments (Chenot et al., 2017). Starting from the as-
sessment of the hydrological performance of two 
experimental green roofs (Figure 2) installed in 
2017 at the Department of Civil Engineering of 
the University of Salerno (SA, IT) (Mobilia & Lon-
gobardi, 2017; Mobilia & Longobardi, 2019), a 

Figure 2: Green Roofs experimental plant at the University of Salerno. Source: author’s photo 2019.

previous study (Longobardi et al., 2019) focused 
on the assessment of their retention capacity, a 
factor generally correlated with city resilience.
Specifically, analyses investigated the experimen-
tal relationship between retention capacity (RC) 
and soil moisture content within the substrate 
layer prior to the rainfall event occurrence, VW 
%, of 35 rainfall-runoff event collected for the two 
Green Roof (GR1 and GR2), different for the drain-
age layer, of the experimental site of the University 
of Salerno (Longobardi et al., 2019; Mobilia et al., 
2019). The retention capacity was calculated for 
each of the events as follow:

        RC= 1 – C*                                  (1)  

where C*= Runoff Volume/ Rainfall Volume.
Contrary to what was conceptually expected, but 
quite common in the literature, RC displayed a 
broad variability. A detailed investigation of the 
scatter plot between RC and VW revealed more 
reasonable and interesting results, showing a 
tendency of the events to distribute themselves 
according to three distinct groups (Figure 3). The 
first group of events, identified with the letter 
A, consists of all those events characterized by a 
cumulative total of rainfall of less than 11.2 mm. 
These events, defined by a retention always great-
er than 75% and by a low initial content of soil 
moisture (range 7-21%), can be considered events 
not so important from the hydrological point of 
view due to their value of rainfall depth and inten-
sity. Here, the hydrological behaviour of the green 
roof seems not to be influenced by the initial soil 
water content.  The second group of events, group 

B, consists of events characterized by a particular-
ly low moisture content, less than 4%, and a re-
tention capacity never less than 50% and which in 
some cases isolated reaches the 100%.  The high 
variability of the retention coefficient, in this case 
led us to believe that there was a significant rela-
tion between the element of this group and the 
characteristic of the rainfall events such as the du-
ration, the cumulative rainfall and the five-minute 
peak intensity (Figure 4). In particular, the latter, 
fundamental in the methodology of assessment of 
Green Roof retrofitting percentages presented in 
this research, was identified plotting the retention 
capacity of the 35 rainfall-runoff events against the 
maximum value of five-minutes intensity of each 
analysed event. A linear relation was found be-
tween retention properties and peak five-minute 
intensity. The third group of events, group C, rep-
resents the set of events characterized by the low-
er retention performances associated to the larger 
soil water content prior to the triggering rainfall 
event. As in the case of group B, a high variability 
is highlighted for the values of the retention coef-
ficient (never higher than 50%), which does not 
appear strongly dependent on initial substrate soil 
moisture content but can be actually explained, 
also in this case, according to the characteristics of 
the rainfall events.

3. Methodology

3.1 SAR images elaboration for the detection 
of variation in build-up area

Figure 3: Retention Capacity as a function of soil 
moisture content. Source: Longobardi et 
al., 2019.

Figure 4: Retention Capacity as a function of 
5-minute peak intensity. Source: Lon-
gobardi et al., 2019.
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The land use change in the study area between 
1995 and 2016 was investigated by means of 
elaboration of SAR images (Mobilia et al., 2018). 
The proposed processing chain (Figure 5) in-
cludes three major blocks: the data download, the 
pre-processing phase and the feature extraction. 
The first step consists in the acquisition of SAR 
images relating to the years 1995 and 2016 and 
respectively provided by ERS and Cosmo-SkyMed 
missions. The pre-processing chain aims at the 
data coregistration and at the coherence estima-
tion. The coregistration is a key procedure to be 
carried out before the analysis can start and it is a 
process where two SAR images are matched at up 
to one- or two-pixel accuracy. In the next step, the 
coherence (γ) of the images is extracted, it repre-
sents the spatial correlation of the interferometric 
phases of two SAR images (v1 and v2) given as:

𝛾𝛾 = 𝐸𝐸[𝑣𝑣1𝑣𝑣2∗]
√𝐸𝐸[𝑣𝑣1]2𝐸𝐸[𝑣𝑣2]2

 (2)  

where E[.] means the expected value and the * the 
complex conjugate. It moves from 0 to 1 where 0 
refers to the natural land cover and 1 to the built-
up area.
The feature extraction block includes: the execu-
tion of the temporal average of the multitemporal 
SAR images in order to reduce the speckle; the co-
herence threshold assessment using Otsu’s algo-
rithm for the   conversion of  grey level image to 
monochrome (or binary) image where the white 
pixels represent the impervious surfaces while the 
black one the pervious ones; and the threshold ap-
plication  which allows to subsequently quantify 
the paved and non/paved surfaces using the QGIS 
software.
For each sub-catchment of the municipality, the 
white and black pixels have been identified in the 
threshold images and the corresponding area has 
been calculated according to the following equa-
tions:

Aimp = (Npixel white * Atot)/ Npixel tot                (3)

Aperv = (Npixel black * Atot)/ Npixel tot                 (4)

where:
Npixel white = number of white pixels;
Npixel black = number of black pixels;
Npixel tot = number of total pixels;
Aperv = pervious area;

𝐶𝐶1995∗ = 0.8 ∙ 𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖
𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡

+ 0.1 ∙ 𝐴𝐴𝑖𝑖𝑝𝑝𝑝𝑝𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡
                      (11) 

 
 

𝐶𝐶𝐺𝐺𝐺𝐺∗ = 0.8 ∙ 𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖
𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡

+ 0.1 ∙ 𝐴𝐴𝑖𝑖𝑝𝑝𝑝𝑝𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡
+ 𝑐𝑐𝐺𝐺𝐺𝐺

𝐴𝐴𝐺𝐺𝐺𝐺
𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡

       (12) 

Where cGR  can be deducted from the RC curves of 
Figure 4, once know the rainfall intensity of each 
sub-basin from equation (7). The runoff coeffi-
cient cGR can be expressed as:

                       cGR=1-RC                                 (13)

4. Results

Table 1 summarizes the assessment of permeable 
and impermeable surfaces (expressed in m2) re-
ferred to the year 1995 and 2016. The results of 
this first analysis made it possible to understand 

𝑄𝑄𝑚𝑚 = 𝐶𝐶∗ ∙ 𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡 ∙ 𝑖𝑖𝑚𝑚(𝑑𝑑)                              (8) 
 

𝑄𝑄𝑇𝑇 = 𝐾𝐾𝑇𝑇 ∙ 𝑄𝑄𝑚𝑚                                              (9) 
 

 

  Proportion pixel-area (1995) Proportion pixel-area (2016) 

Surface  Type 
Number 
pixels 

Total Area 
(m2) Area (m2) 

Number 
pixels 

Total Area 
(m2) Area (m2) 

A1 pervious 448 246288,23 244108,69 389 
246288,23 

211960,45 
impervious 4 2179,54 63 34327,78 

A2 pervious 149 101065,52 96530,53 123 
101065,52 

79686,28 
impervious 7 4534,99 33 21379,24 

A3 pervious 1029 608945,02 602504,26 896 
608945,02 

524629,56 
impervious 11 6440,76 144 84315,46 

A4 pervious 1562 944519,04 937914,01 1403 
944519,04 

842441,33 
impervious 11 6605,03 170 102077,71 

A5 pervious 1974 1140431,12 1128992,49 1796 
1140431,12 

1027188,71 
impervious 20 11438,63 198 113242,41 

Table 1: Pervious and Impervious area variation in each sub-area of the analysed basin between 
1995 and 2016.

Data source: authors 2019

Sezione Area Q1995  Q2016 H [m] B [m] h/H1995  h/H2016 h* Q* %conv 
C A1 1.14 1.73 0.7 0.8 0.84 1.00 0.63 1.25 83 
C A2 0.62 0.91 0.6 0.6 0.78 1.00 0.54 0.75 45 
D A3 2.67 4.15 1 1.2 0.71 1.00 0.90 3.21 66 
E A4 3.76 5.73 1.2 1.2 0.77 1.00 1.08 4.22 80 
F A5 4.67 6.72 1.3 1.3 0.78 1.00 1.17 5.15 76 

 

Table 2: Percentage of impervious area concerned by retrofitting intervention.

Data source: authors 2019

Figure 5: Elaboration of SAR images processing 
chain. Source: Mobilia et al., 2018.

that the impervious surface of 1.17% of the year 
1995 changed into 19.17% in the year 2016. From 
the difference between the percentages of imper-
vious areas recorded in the two years, a variation 
of the impervious fraction of 18% was obtained 
for the case study area.
From the observation of the plots shown in Figure 
6, we notice that over time, together with a clear 
and predictable increase in the impermeable sur-
face, the values of the parameters listed above also 

Aimp = impervious area;
Atot = total area.

3.2 Estimation of basins characteristics in 
1995 and 2016

In order to investigate the effect of land use change 
between 1995 and 2016 on stormwater gener-
ation, a series of fundamental parameters have 
been calculated and compared for each year and 
for each sub-basin.  The selected parameter are: 
critical duration (d) runoff coefficient (C*), aver-
age rainfall intensity for critical duration (imd), av-
erage flow rate (Qm) and peak flow rate (QT).

𝑑𝑑 = 1.40 · 𝐿𝐿0.24 · 𝑃𝑃𝑖𝑖−0.24 · 𝑃𝑃𝑚𝑚−0.16             (5) 
 

𝐶𝐶∗ = 0.8 ∙ 𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖
𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡

+ 0.1 ∙ 𝐴𝐴𝑖𝑖𝑝𝑝𝑝𝑝𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡
                        (6) 

 
im(d) = 𝑖𝑖0

[1+𝑑𝑑 𝑑𝑑𝑐𝑐⁄ ]
𝐶𝐶−𝐷𝐷𝐷𝐷                                   (7) 

Where L is the is length of pipe, Pi is the ratio be-
tween the imperviousness area of the basin  (Aimp) 
and the total area (Atot), Pm  is the slope of the pipe, 
Aper is the pervious area of the basin, i0, dc, C, D are 
constant values given by the regional law in four 
parameters of VAPI Campania report (Rossi & Vil-
lani, 1994) and tabulated according to homogene-
ous areas, z is the altitude of the basins,  KT is the 
probabilistic factor of growth expressed as:

KT=-0.0373+0.517∙ln(T)                  (10)

where T is the return period set at 10 years.

3.3 Green roof retrofitting scenario

In order to return to the pre-development con-
dition, a widespread implementation of green 
roofs has been hypothesized within the studied 
catchment. The quantitative estimation of poten-
tial area for green retrofit (AGR) has been made by 
equaling the runoff coefficient relating to the year 
1995 (C*1995) which corresponds to the pre-devel-
opment scenario, to the runoff coefficient which 
refers to a GR conversion scenario (12) (C*GR):
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increased. The critical duration is an exception as 
an increase in impervious areas is usually associ-
ated to an enhancement of flash flood phenomena 
and a lowering of this variable. The parameters 
which appeared to be affected at a larger extent 
by the land use changes are the critical duration 
and the runoff coefficient. These variables, both 
dependant on the imperviousness of the soil, re-
corded an average percentage of variation of 32% 
and 42% respectively, which than translated into 
a flow rate increase of about 50%. Overall, land 
use changes led to an overload of the drainage net-
work, actually affected by several criticalities in 
many sections of the drainage network, and to an 
increase of urban flooding phenomena.
The previously analysed parameters are inextrica-
bly linked to the percentage of imperviousness of 
the basin. Therefore, the only chance to restore the 

initial conditions of the territory is to implement 
retrofitting actions of the urbanized areas through 
typical urban greening strategies that directly af-
fect the flood coefficient C and, indirectly, the flow 
rate Q that the drainage network must handle. 
However, as we can see from Table 2, in order to 
make the implementation of these sustainable in-
frastructures more effective in the management of 
urban flooding, a too large portion of the current 
impermeable surface should be retrofitted, almost 
70%. The preferable strategy, so, is that of using 
sustainable drainage systems only as mitigation 
techniques, aiming not at the total restoration of 
the conditions prior to construction but at a par-
tial reduction of the load introduced into sewer.

Figure 6: Plots representing the variation of impervious area fraction, critical duration, flood coeffi-
cient, rainfall intensity, average flow and maximum flow between the year 1995 and 2016 
for each subcatchment. Source: authors, 2019.

5. Discussion and conclusions
The research illustrated that urbanization and soil 
sealing undoubtedly altered the natural hydroge-
ological cycles in the study catchment, enhancing 
the hydrological and hydraulic criticalities and in-
creasing urban flooding phenomena.
The experimental studies showed that SuDS, spe-
cifically Green Roofs, could represent a useful tool 
to make cities more resilient against hydraulic risk 
due to their stormwater retention and detention 
capacity. However, the retention capacity, meant to 
be directly correlated to the aptitude of urban sys-
tems to be more resilient, is manly affected by both 
design and climatic variables. The performance of 
SuDS, in fact, seemed to be influenced by both soil 
moisture content prior to the rainfall event and se-
verity of precipitations.
In addition, it is clear that in order to make the im-

plementation of these sustainable infrastructures 
more effective in the management of urban flood-
ing and in the improvement of city resilience, a too 
large portion of the current impermeable surface 
should be retrofitted. For these reasons, probably, 
a combined approach in which the traditional ur-
ban systems of flood management are associated 
with a more widespread use of SuDS can represent 
the optimal solution, thus including the multiple 
benefits (not only hydrological) that these green 
infrastructures succeed to implement in particular 
with regard to ecosystem services. A further con-
sideration to be made in the design of risk miti-
gation interventions is that related to the climate 
change. 
The latter ought absolutely to be taken into ac-
count, due to the effect that they are able to carry 
out not only on the SuDS performance but also on 
traditional urban drainage systems.
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