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INTRODUCTION
The environment built in the Mediterranean
area is made up of maintained and used
buildings and a multiplicity of unmaintained,
unused, unrecovable and structurally unsafe
ecclesiastical ruins. To mitigate the risk and
improve the standards of biotic and abiotic
factors in urban centers, the acquisition of
these urban ecclesiastical ruins and their
subsequent demolition is hypothesised.
The urban ecclesiastical ruins
The ecclesiastical ruins located in the Urban
Centers are in the vast majority not recoverable
since for many decades they have not been the
subject of maintenance or reuse by the
Ecclesiastical Autorithy. This ecclesiastical
decisioni s not accidental but derives from a
specific diocesan policy, which has directed the
funding of 8 for thousand to some churches to
the detriment of others. So a multiplicity of
ancient churches, located in the urban centers,
today is in a state of ruin. The level of their
degradation is so high as to make it ompossible
to preserve them or restore them. At the same
time, the ruins of the ecclesiastical buildings
located in the Urban Centers increase urban
discomfort and the risk for public safety.
The interest in the recovery of some ancient
churches by the Ecclesiastical Autority is
lacking and their preservation is impossible for
such crumbling churches.
The expropriation of urban ecclesiastical
ruins
The civil authority could act in the public
interest of the citizens by expropriating these
assets and assigning the area of the grounds to
the creation of green spaces and digitized with
5G technology.
The urban ecosystem would improve due to the
creation of new digitized green spaces. The
entire built environment would become better
sustainable and anthropic, abiotic and biotic
risks would decrease. The ecclesiastical
structures that are supposed to be demolished
are those structurally unsafe and located in
urban areas. The ecclesiastical structures that
are supposed to be demolished are those

structurally unsafe and located in urban areas.
Their demolition would improve the standards
of ecological factors: abiotic and biotic.
Biotic and abiotic factors and urban
ecclesiastical ruins
The Urban Ecclesiastical Ruins which have the
intrinsic requisites for thei preservation must
be completely demolished. In this way, open
spaces would be generated in urban areas.
These spaces are intented for th construction of
green squares. The new green areas could be
planted with peculiar tree species. Growing
climate change will lead to increasing drought
in Mediterranean areas. So you can plant
drought-resistant tree species and extreme
weather events, such as air horns and water
bobms
From a methodological point of view, a
“participatory planning” of the actors involved
in the decision-making process, is “decision
makers” (local territorial bodies and dioceses)
and “stakeholders” (parishe, cultural
associations, families, operators, commercial,
etc.), togethe with the disegners and
consultants (sociologists, psychologists,
economists), activating focus groups,
questionnaires, Delphi surveys (Dalkey and
Halmer, 1963; Turoff, 1970). The quantification
of costs will have to be developed with the LCC
methos, Life Cycle Cost, applying the ISO 15686
standard. Therefore the global cost of the
intervention will come from the sum of the
initial costs and the discounted future costs,
maintenance and operation.

and the global village [2]. Planting in these
areas of tree species integrated with smart
devices could mitigate the risks deriving from
biotic and abiotic factors in urban settings [3].
Southern Italy represents the European
anvirtuous macro-area of the European Union.
In it there is a lack of a modern road, rail and
airport infrastructure network. The strategic
interest of the “decison makers” should be
addresses only to the Urban Center already
connected to the main European infrastructural
networks.
CONCLUSION
Crumbling churches located in urban centers
cna represent an opportunity for technological
innovation and the digitalisation of cities.
Smart cities represent the evolutionary
direction of contemporary cities. Crumbling
churches can represent an urban opportunity
for mitigating the riskd deriving from biotic and
abiotic factos in the city environment.
REFERENCES
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Fig. 1 - Church Annunziata, Salerno

Biotic and abiotic factors in relation to
urban digitization
The areas of sedimented crumbling churches
subject to demolition could be used for urban
digitization [1]. Such areas recovered for public
use can be integrated with interconnected
devices to create urban public spaces with high
technological innovation. The material
infrastructures of the cities will be
interconnected with the city’s human resources
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was widespreading in the surrounding area. The
same day, some samples on air quality has been
conducted, but they are under study yet. In any
case, the levels of PM2.5 and PM10 appeared much
higher than those suggested by World Health
Organization (WHO) [4].
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Introduction
Solid waste, when not properly managed, can
lead to high environmental contamination and
health risks. While in industrialised countries the
easier access to technological and economic
means allows to better deal with solid waste, in
low- and middle-income countries this is often an
issue particularly significant. Furthermore, in
rural areas an additional issue can be
represented by bad road connections.
Much research related to solid waste and health
issues has been conducted over the years, but the
most detailed it usually involved industrialised
countries and was related to incineration and
sanitary landfills [1].
At the same time, in a recent review we focused
on environmental pollution and health issues in
developing countries, but considering the
informal treatment of a particular category of
waste, namely Waste Electrical and Electronic
Equipment (WEEE) [2], which usually is located
only in some specific area.
With this in mind, a research to study solid waste
management and the related health risks among
rural communities in Ghana is currently ongoing.
Case study
In Ghana, the average rate of waste generation at
household level is roughly 0.47 kg/person/day,
with the organic fraction representing more than
60%. Plastic is the second most common kind of
waste [3].
The condition is less known in rural communities,
but dangerous practices, such as dumping and
uncontrolled burning of solid waste, are common.
Furthermore, bad quality of road connections to
many rural villages makes the waste situation
more difficult to manage. These assumptions
have been confirmed in the 9 communities of the
Savannah, Northern and North East regions
which have been studied so far in this research.
In some communities waste condition appeared
more alarming. In particular, in Kpatinaga
community (Northern region, Gushegu district) a
big amount of solid waste is dumped in an open
space surrounded by houses and burned roughly
two times per month, as shown in Fig 01
(photograph taken on November 15th 2019). That
day part of the waste was set on fire and smoke
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In addition to particulate, a further high health
risk to consider is due to toxic and carcinogenic
nature of some pollutants which can be generated
during uncontrolled combustion, for example
from plastic (such as dioxins). In the
aforementioned publication related to WEEE [2],
we found open burning was the most dangerous
practice. Pollutants from combustion can be
adsorbed by human beings both by inhalation
and ingestion. In the context of the study,
ingestion seems to represent the higher factor,
because of the presence of a lot of farm animals in
the dumpsite itself.
Though Kpatinga community showed a very
alarming solid waste condition, in terms both of
environmental and health issues, it was not much
different to the others sites.
For example, it has been noticed in other
communities, some farmers collected solid waste
from the dumpsites roughly separating organic
fraction of waste to use it as compost,
underestimating the high risk of soil and
environmental contamination as well as the
related human health risk.
Furthermore, an element which made the
situation worse and involved almost all the rural
communities was represented by bad road
connections. Indeed, the condition of the roads
may have a very negative impact on the solid
waste collection and management system, also
from an economic point of view.
The dumpsites within the communities can not
be underestimated neither in terms of leachate.
Indeed, characteristics of leachate may vary a lot
for many factors, as we demonstrated in a recent
review paper [5], but in dumpsites the related
health risk can be very high due to lack of a
waterproof liner at the bottom; therefore
leachate can easily percolate into groundwater,
as we described in a further publication [6].
Finally, interviewing members in the
communities, and through a first solid waste
analysis conducted in Salankpan community
(Norther region, Mion district) as shown in Fig 02
(photograph taken on November 21st 2019), it
was confirmed food waste, green waste and ashes
represented more than half of the waste
produced at household level, followed long
distance by plastic.
A further aspect of the research is consisting in
gathering data related to health diseases among
people living in the rural communities involved.

Conclusions
The case study highlighted an alarming situation,
common in many rural communities of Ghana, in
terms of waste management and health risks. To
improve the condition, it appears important to
take action through resources valorization of the
organic fraction mainly to reduce the amount of
waste, and on plastic to reduce significantly
health risks. To make it easier, some
interventions should focus on the quality of the
connecting roads as well.
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The problem of the increase in the magnitude and
frequency of flooding events in urban areas [1][3] can be approached by means of techniques of
sustainable urban stormwater management such
as the green roofs (GRs). In this study, the
effectiveness of this green infrastructure has
been investigated. For this purpose, a daily scale
hydrological model for GRs based on water
balance equations, has been proposed.
Evapotranspiration (ET) is a key process of the
water balance of a GR [4], [5]. In light of this, in
the present work, a study of the dynamics
involved in ET process has been carried out. To
this aim micro-meteorological and eddycovariance (EC) data at the Rollesbroich
experimental site have been analyzed from July
2013 to June 2015. The analysis highlights a
seasonal pattern in Budyko index so, based on the
observed seasonal switch between water-limited
and energy-limited conditions, a threshold
approach for predicting ET, combining potential
ET (PET) and actual ET (AET) relationships, has
been proposed. The temporal switch between
PET and AET occurs for a detected value of net
radiation. The combined approach has been
validated against EC measurement from the study
site and the deviation between modeled and
measured ET fluxes has been investigated using
several goodness of fit indices. The approach
results well performing in the assessment of the
ET loss and can be used in the proposed retention
models for the prediction of GR performances.
The three conceptual models of increasing
complexity in descriptive details, are calibrated
and compared to experimental data of runoff
recorded over three years from an experimental
site located at Bernkastel-Kues, Germany using a
number of error indices. The main processes and
variables accounted for in the proposed
approaches are the precipitation input, the
evapotranspiration losses and the maximum
water storage capacity. Model detail increase is
achieved moving from a basic approach using
PET and constant storage threshold to an
intermediate complexity approach using AET and
a constant storage threshold to an advanced
approach using AET and a variable storage
threshold where AET has been estimated with
the proposed threshold combined approach. The
maximum water holding in the basic and

intermediate approach is the only model
parameter to be calibrated for hydrological
simulation, it depends on substrate layer material
properties and represents a constant physical
property. In the advanced approach the storage
threshold represents a process and it is a variable
evolving over time. Beside the ability of the water
balance approaches in describing the GR
behavior, the analysis of the errors shows if
higher complexity level leads to better model
performance, and therefore to a better prediction
of observed hydrological processes. Once the
models for predicting the hydrological green roof
performances have been proposed, it should be
taken into account that the stormwater response
of a green roof is indeed highly impacted by the
climate conditions. The green roof infrastructures
are mainly implemented in areas with oceanic
climate but few studies exist in Mediterranean
climate. For a better understanding of the
performances of GRs within this climate
condition, the hydrological behaviour of two
green roof test beds (GR1, GR2) located in the
campus of University of Salerno has been
investigated (Fig. 1a). The two green roofs differ
for the composition of the drainage layer that is
expanded clay for GR1 and commercial panels
filled with expanded clay for GR2 (Fig. 1b) [6]-[8].
Nineteen rainfall/runoff events collected at the
experimental site have been analyzed and inverse
relationships between the rainfall characteristics
(cumulative rainfall, duration and intensity) and
the retention capacity have been found. In
general GR2 has been proved to have slightly
higher values of the retention capacity [9].
The previous analysis refers to hydrological
performances of green roofs within
Mediterranean climate at building scale but very
interesting is also their effect at basin scale in the
same climatic conditons, here investigated using
the Storm Water Management Model (SWMM).

Fig. 1 - (a) The experimental site, (b) the storage layers

The hydrological impact of a widespread
implementation of green roofs in a virtual basin
have been evaluated at the outlet section of the
urban drainage system in terms of decrease in
runoff volume and peak discharge and increase in
the peak delay comparing the scenario under
investigation with the baseline scenario (no GR
facilities). The simulations have been performed
for design storms with different return periods,
durations and temporal distributions and they
have analyzed how the GRs response at basin
scale varies according with the percentages of
retrofitted roofs, the spatial GRs distribution and
the catchment spatial scale aggregation.
Subsequently, the analysis focuses on a really
existing basin. The Sarno peri-urban basin in
Campania region, has been selected as it
represents a hydrogeological hazard prone
system where flooding and landslide events have
occurred rather frequently, especially during the
last fifteen years. The increasing occurrence of

damaging events has been proved to be caused by
the rapid urbanization, detected using SAR
images acquired over the basin at different times,
and not by the changing climate conditions how
trend analysis show. Subsequently, the
hydrologic behavior resulting from the extensive
use of sustainable technologies at basin scale has
been investigated. As no green roof installations
are placed in the study areas, the research efforts
have focused on the potential hydrological
benefits of hypothetical scenarios of rainfall and
GR retrofitting. The SWMM has been used to
predict the hydraulic performances
corresponding to the different greening and
rainfall scenarios. Finally, the analysis
investigates the impacts of the sustainable
infrastructures at the basin scale and the
potential for such infrastructures to be effectively
and diffusely accounted for in planning and
managing the urban environment on the way for
a sustainable environment.
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Introduction
In its last report, the Intergovernmental Panel
on Climate Change's (IPCC) Fifth Assessment
Report (AR5) confirms the increase of the
surface temperature in the twentieth century; it
shows likewise a further increase for the
twenty-first century [1]. These rainfall
variations will have unforeseeable and
unexpectedly extreme consequences (such as
drought and flood) concerning frequency and
intensity for many regions of the world. The
Mediterranean region is well known by large
climate shifts in the past [2] and it has been
recognized as one of the most outstanding
“Hot-Spots” in future climate change
predictions [3], which often involve frequent
drought conditions in southern of Italy [4].
Interannual climate variability is of prime
importance for the occurrence of catastrophic
climatic events, particularly drought and
widespread flooding e.g. [5], [6],[7],[8]. This
study aims to well understand the interannual
climate variability through the year-to-year
precipitation variability. For this purpose index
of precipitation variability called too coefficient
of variation (CV) was examined for 164 rain
gauge stations located in southern Italy.
In the current research, we discussed interannual rainfall in long time period 1918–1999,
using the coefficient of variation; we also,
elaborated an efficient comparison between
annual average precipitation and inter-annual
precipitation variability changes. In other hand
and for an enhanced explanation of CV spatial
trends, differenr CV patterns were explored.
Material and Methods
The zone under investigation is a large area of
about 25000 km2, located in the southern of
Italy, stretches from the Apennine Mountains to
the Mediterranean Sea. The Region is
characterized by a progressively decreasing
elevations westwards (from the Apennines to
the Mediterranean Sea) and a complex climate.
30 years moving average annual precipitation
coefficient of variation time series (C of V) where
computed and tested for a significant tendency,
for the purpose, following tests were used:
 The Mann–Kendall (MK)/modified Mann–
Kendall tests which were applied to the
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non-auto-correlated/auto-correlated series
to detect the presence of trends in annual
precipitation [9], [10].
 The trend magnitude was estimated using
the Theil and Sen’s Slope estimator test [11],
[12].
 The Kriging interpolation technique was
used to assess spatial temporal precipitation
trends over a basin with the aid of [13], [14].

Contribution of Working Groups I, II and III to the fifth
assessment report of the Intergovernmental Panel on
Climate Change (p. 151). Ipcc
[2] Luterbacher, J., Xoplaki, E., Casty, C., Wanner, H.,
Pauling, A., Küttel, M., & García-Herrera, R. (2006).
Mediterranean climate variability over the last
centuries: a review. Developments in Earth and
environmental Sciences, 4, 27-148.
[3] Giorgi, F. (2006). Climate change hotspots. Geophysical research letters, 33(8).
[4] Longobardi, A., Buttafuoco, G., Caloiero, T., &
Coscarelli, R. (2016). Spatial and temporal
distribution of precipitation in a Mediterranean area
(southern Italy). Environmental earth sciences, 75(3),
189.
[5] He, Minxue, and Mahesh Gautam. "Variability and
trends in precipitation, temperature and drought
indices in the State of California." Hydrology 3.2
(2016): 14.
[6] Ding, Y., Ren, G., Zhao, Z., Xu, Y., Luo, Y., Li, Q., &
Zhang, J. (2007). Detection causes and projection of
climate change over China: an overview of recent
progress. Advances in Atmospheric Sciences, 24(6),
954-971.
[7] Stevenson, S., Fox-Kemper, B., Jochum, M., Neale,
R., Deser, C., & Meehl, G. (2012). Will there be a
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century?. Journal of Climate, 25(6), 2129-2145.
[8] He, Chao, and Tim Li. "Does global warming
amplify interannual climate variability?." Climate
Dynamics 52.5-6 (2019): 2667-2684.
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term. Journal of Physics D: Applied Physics, 8(13),
1449.
[10] Hamed, Khaled H., and A. Ramachandra Rao. "A
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data." Journal of hydrology 204.1-4 (1998): 182-196.
[11] Sen, Pranab Kumar. "Estimates of the regression
coefficient based on Kendall's tau." Journal of the
American statistical association 63.324 (1968): 13791389.
[12] Theil, H., 1950. A rank-invariant method of linear
and polynomial regression analysis. Indagationes
Mathematicae 12:85-91.
[13] Singh, Vijay P., and Prabhat K. Chowdhury.
"COMPARING SOME METHODS OF ESTIMATING
MEAN AREAL RAINFALL 1." JAWRA Journal of the
American Water Resources Association 22.2 (1986):
275-282.
[14] Lebel, T., Bastin, G., Obled, C., & Creutin, J. D.
(1987). On the accuracy of areal rainfall estimation: a
case study. Water Resources Research, 23(11), 21232134.

Results and conclusions
In this study, we examined the year-to-year
rainfall variability in southern Italy, rainfall
variability was compared with the mean
average precipitation (MAP), and it was found
that both MAP / CV present a high/moderate
correlation respectively with the relief of the
study area where precipitation mean values
shows a high variability regarding the CVs
values in the presence of orographic barrieres.
Figure 1a, indicates that the interannual
variability was the highest for the entire of the
study area with an exception in the southeast
part where it shows a low variability regarding
other part of the area under investigation.
As shown in figure 1b in the right panel, Trend
analysis test showed that MAP had a low
significance, which is not the case for the yearto-year precipitation variability where CVs
series indicate the highest significance in the
south of the study area, it was concluded that
interannual variability is much evident.
In other hand, using Sen’s slope test expressed
that slopes of map and CV were negative and
positive respectively, while the total of
precipitation tend to reduce and interannual
variability tend to increase. We concluded that
our study area is tending toward an arid
climate with a high variability.
It was so clear from the study that investigation
change in rainfall variability does not appear as
a simple task, it should take more attention
from the researchers in the field.
REFERENCES
[1] Pachauri, R. K., Allen, M. R., Barros, V. R., Broome,
J., Cramer, W., Christ, R., & Dubash, N. K.
(2014). Climate change 2014: synthesis report.

(a)

(b)

Fig. 1 - Inter-annual variability of rainfall (%CV) and its trends: (a) Spatial distribution of interannual variability of annual rainfall. (b) Sen’s slopes for annual rainfall variability timeseries.
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Introduction
The most recent urbanization dynamics have
gradually led the cities to face several critical
issues such as flooding phenomena, heat islands
and drought. Strategies involving the use of green
infrastructures appear essential, nowadays, in
order to increase the cities resilience. Among the
different types of green infrastractures, green
roofs (GRs) are a kind of roofing that allows
making the best use of the traditional impervious
roofs, bringing also several benefits to the human
beings and the environment (air quality
improvement, thermal and acoustic insulation,
heat islands effects’ reduction, stormwater
reduction) [1]. Regarding the stormwater
management, the GRs seem able reduce
stormwater volume and peak discharge, helping
traditional drainage infrastructure in the
management of the effects of the rainfall events.
The retention performance of green roofs
appears affected by two categories of variables:
climate and design [2]. A typically higher
percentage of retention is indeed observed in
thicker roofs and climate situations characterized
by sporadic rains of moderate size [3]. In the
Mediterranean region, characterized by long
period of drought during the summer and heavy
rainfall during the winter, the performance of
green roofs is still to be fully investigated.
Several studies have been conducted in order to
define the role played by the antecedent
substrate moisture conditions in the retention
capacity of these infrastructures but there are
still a lot of uncertenties.
Materials and Methods
For this reason, starting from the data collected
from an experimental installation outdoor
(Fig01) including two extensive test beds,
different for the drainage layer, located in a
typical Mediterranean environment (University
of Salerno, Fisciano, Italy), an event scale analysis,
based on 35 rainfall-runoff events over two years

data (July 2017-April 2019), has been performed
in order to identify the role of climate, substrate
moisture conditions and building practices on
GRs retention properties [4, 5]. To avoid mutual
dependence of consecutive rainfall-runoff events,
an antecedent dry water period of at least 7
hours between two consecutive rainfall events
was set as a threshold to select independent
events, according to the literature review.
Starting from the row data, the cumulative
rainfall for each selected event, the duration, the
maximum 5-minute peak intensity and the return
period have been evaluated. The runoff generated
by each of the considered rainfall events has been
analyzed in order to study the hydrological
performance, summarized by the retention
capacity (RC) and calculated as in equation (1):
RC = 1 - (V runoff)/ (V rainfall) (1)
where V is the total volume produced during each
event. Volumetric soil water content (VW %)
within the substrate layer, collected at a 5-minute
step through the capacitance soil moisture
probes, was used to characterize the hydrological
initial conditions for each specific event. In order
to assess the relative role of climate features,
substrate soil moisture content and drainage
layer properties on the prediction of green roofs
stormwater retention capacity, the correlation
between the mentioned variables has been
investigated for both the experimental roofs.
Results and Conclusions
The dependence of RC from VW appears
characterized by a large amount of scattering, but
it is possible to identify 3 groups of events
characterized by different hydrological behavior,
reducing the uncertainty (Fig02).

Fig.2: Relation between RC and VW for 35
events

Based on VW thresholds, two groups were
identified for the case study, group B with low
initial moisture content (5 - 15%) and group C
with a high initial moisture content (> 30%),
within which the prediction of RC values can be
performed referring to the specific characteristics
of the rain events. A third group A is also outlined
for which the relation of RC with VW totally
disappears. It can be identified referring to a
rainfall depth threshold of 11.2 mm and a peak 5-

minute intensity threshold of 0.762 mm/5 min
and is characterized by an almost constant RC
value. Despite their differences, all groups
describe a tendency in a reduction of retention
properties for large events and mainly see the
rainfall cumulate depth as the best predictor for
RC estimation. The relationships between the RC
and rainfall properties furthermore appear
different, within the same group, for GR1 and GR2,
highlighting the role played by the drainage layer
building practices on the GRs retention
properties. Rainfall severity, measured through
the rainfall return period, also appears to play a
role in the variability of the retention coefficient.
In fact, it can be observed that retention capacity
appears to decrease for increasing value of the
growth coefficient g(T), and therefore of T. As a
future perspective, however indoor experiments,
under controlled laboratory conditions, have
been planned, to specifically fill the observational
gaps from this point of view. Green Roofs can
definitely contribute to make big cities more
resilient but, in planning such interventions, we
must take into account the fact that their
performance over time could be countered by the
effects of climate change. In fact, rain events of
considerable importance become more and more
frequent, and therefore the evaluation of the
effects in the short term of the application of
those sustainable drainage installations
regarding retention it is not the real point.
Detailed research studies on climate change
should be carried out to understand the
performance of SuDS systems, and green roofs,
over the years.
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Fig. 1 - Outdoor experimental site at Unisa
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Introduction
The recent development dynamics of urban
centers [1], led to a substantial increase in the
impervious surface and a relative alteration of
the natural hydrogeological cycle. It was possible
to observe, therefore, a visible reduction in the
percentage of infiltration, evapotranspiration and
groundwater recharge [2]. In some contexts
already characterized by a high degree of
vulnerability, such as the Italian territory, this
inevitably led to a rapid increase in the
hydrogeological risk for the population and the
environment [3]. This scenario, therefore, mainly
characterized by phenomena such as urban
flooding and heat islands, has forced the
administrations to deal more frequently with
problems linked to the inability of traditional
urban drainage systems to efficiently and
sustainably dispose of rainwater. Several laws
currently in force require compliance with the
quantitative and qualitative limits to stormwater
volumes to be discharged into watercourses
(Lombardia Regional Low 15 March 2016, n. 4)
but, in parallel with a "regulatory" approach,
integrated strategies are increasingly being
developed. In this kind of strategies, sustainable
technologies, able to reduce the flows conveyed
in the network and to put into practice policies of
redevelopment of the territory, come into play. A
fundamental role in the implementation of this
strategy is carried out by Sustainable Drainage
Systems (SuDS), whose basic principle is the
stormwater management at source through the
implementation of prevention, mitigation and
treatment strategies [4]. This study, starting from
an existing project proposal realized by different
Italian Firms and funded by PoliS-Lombardia
(Regional Institute for supporting Lombardia
Region policies), aims to evaluate the benefits
deriving from the widespread implementation of
green infrastructures in the industrial area of
Sesto Ulteriano (MI) through a comparison
between a scenario that represents the current
configuration of the drainage network and an
ideal scenario in which different SuDS techniques
(rain gardens, ditches and draining stalls,
floodable squares, cisterns-planters) have been
implemented.
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Materials and Methods
The in-depth study of the area under analysis (a
catchment of about 300 ha in the industrial
context of Sesto Ulteriano), the choice and
punctual location of sustainable infrastructures
in the different homogeneous areas and the
construction of a drainage network model able
to represent reality using only very few basic
simplifying hypotheses, can be certainly
considered the real strengths of this work. In
particular, an accurate analysis of study area,
allowed the definition of reference models on the
basis of which to articulate diffuse drainage
intervention. Specifically, four models have been
identified with their respective areas of interest:
industrial area model (building, parking areas,
squares, flower beds and smaller green areas),
road model (roadways, sidewalks, parking lots in
line), green areas model and large permeable
spaces (parks, uncultivated areas within the
urban fabric, green strips belonging to the most
important transport infrastructures and
permeable or non-permeable areas inside road
roundabouts), model of residential areas
(buildings). For each of the components,
different types of sustainable drainage
infrastructures have been identified, designed
and placed. Starting from a modelling scenario of
the Sesto Ulteriano drainage network, steps
were taken to implement the different types of
SuDS that fell in each sub-basin of the sewer. To
this end, therefore, the software SWMM5 of the
US Environmental Protection Agency was used.
Comparing the information contained in the
Storm Water Management Model 5 file, in
particular those regarding the distribution on
the territory of the sub-basins of the drainage
network and those relating to the spatial
distribution of the different types of sustainable
technologies available in Quantum GIS, it was
possible to derive the areas of each SuDS to be
attributed to each sub-basin. Given the size of the
study area, it was necessary to set up a semiautomatic procedure aimed at calculating and
assigning parameters and areas where
sustainable infrastructures are to be allocated
within each sub-basin of the sewage network.
Numerous checks were carried out manually by
comparing the data available on the QGIS model
and that made in SWMM.
Results and Conclusions
Simulation with syntetic rainfall dataset (T=2, 5, 10
years), have been carried out in order to gather
some information about the behavior of these

technologies in the case of critical events for
traditional drainage systems [5]. Once the interest
return periods have been chosen and the intensityduration-frequency curves (IDF curves) valid for
the study area have been identified (data of the
Regional Environmental Protection Association of
the Lombardy Region were fundamental in this
regard), it has been chosen to use a synthetic
ietogram of the Chicago type with a duration of 7
hours and peak at 0.3 of duration. The simulation
outputs made it possible to identify, for the two
different scenarios, the maximum outflow from
each outfalls which, compared with the maximum
flow rate allowed for compliance with the
invariance principle (for the Lombardia Regional
Low 40l/s per hectare of impermeable surface),
has allowed to calculate the flow rates to be
laminated for each of the outfalls identified.
Results made it is possible to read a visible
reduction, following the widespread application of
sustainable drainage interventions, of the outflow.
However, it must be said that these infrastructures
are more effective in the case of shorter return
periods. It also occurr that some outfalls show a
greater reduction than others due to their position
(purely industrial zone, macro-tanks A, C, E,
greater possibility of transforming the
impermeable soil with SuDS technologies
compared to the residential area). Surely further
simulations are needed in order to study the
performance of these technologies under different
rain conditions, but the results obtained so far
surely suggest that SuDS can be considered a valid
sustainable solution able to support the traditional
drainage systems in the management of
stormwater and to provide also other additional
benefits in urban centers.
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Fig. 1 - Location of different types of SuDS in the industrial area of Sesto Ulteriano (MI) and subdivision of
the study area in 5 macro-basins.
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Introduction: natural and artifical
If urbs-is represented the generic set of
buildings and structures, unlike the civitas, with
its sacred and inviolable boundary, the
nowadays conditions of the contemporary
world lead us to consider the whole heritage
built as an "urban" matter, regardless if it is
structured according to more or less dense
density schemes. In other word, we mean to
consider as urban also the infrastructure
system (such as roads and any other human
built structure), rural and industrial buildings,
minor artifacts, buildings of every kind and
shape, even villages and more rarefied built
systems [1]. Such a complex built environment,
made of generic and singular elements that
transform themselves over time, always lies on
natural morphological circumstances, which we
could generally define as soil.
From this complex and conflictual relationship,
between necessity and circumstance that Patrick
Geddes [2] and the Smithsons [3] already
identified in the relationship between natural
conditions and anthropic footprint, we can
hypothesize that the conflict between urban and
rural has today a lesser importance compared to
the conflict between artificial and natural,
between geometrization and re-naturalization,
between infield and outfield.

large-mesh network of farms and rural devices
widely controls the different and complex types
of island landscapes. In fact, farms colonize the
territory at different depths, from urbanity
borders to wilderness, guaranteeing a
widespread and extensive management of rural
landscape transformations [6].
Soil management and residual approach
The research explores the evolutionary
dynamics of the rural habitat in Sardinia
through the multi-scale study of long-term
features and internal and heterodirect
transformative dynamics. The privileged focus
of investigation is constituted by the literally
constructive and tectonic dynamics that is
established between rural buildings and the
pertinent land. This relationship could be
synthetized as a management of the soil, seen
as a thickness of physical and temporal layers.
Such stratification constitutes the frame where
the contingent constraints related to the
techniques, to the nature of the soils and the
materials available, are declined according to a
“necessary” approch with the site, in an
economic-spatial way between uses and
conservation of rural areas ecologies. The study
of these settlement principles, common to the
marginal and low-density contexts of the
Mediterranean, is able to better understand
those logics of necessity and coherence
between site, construction and modification,
capable of feeding the recursion between living
and “producing” landscape. The hypothesis of
the research is to understand if the traditional
approaches of the historical type /
morphological and linguistic analysis linked to
the understanding of productive dynamics can
be the key for a conscious and quality design
even for contemporary rural architecture. As
Pierre George wrote [8], if we consider living as
an epiphenomenon of production, it is
necessary to understand how contemporary
forms of agricultural production influence the
continuous rewriting and transformation of the

anthropic landscape. Understanding the
internal dynamics of the farming systems, the
relationship between abiotic objects and biotic
dynamics could become a key interpretation for
the “low density” architecture project [9] that
has become increasingly necessary in order to
reduce and control the anthropic footprint on
the territory [10].
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NOTES
1.
As Eduardo Souto de Moura said during an
interview about his project for the
refurbishment of the ’Herdade do Barrocal in
Portugal: “The second question was the urban
nature of this monte. This is not just a house.
This is truly a mini-universe, a village. It has its
own hierarchy: a street, a square, outbuildings,
and cloisters”.

The farmstead as a micro-urban pole
In this scenario it has been little explored by the
disciplines revolving around Architecture, the
"tectonic" role [4] that farms establish with the
soil, with their holdings. If we consider the farm
as the minimum and fundamental pole of
articulation of low-density territories (and not
for this reason considered as a non-urban
because farm is always infrastructured by
anthropic endowments) then it becomes
necessary to study it as a micro-urban episode,
“with its hierarchy, its relationships, its streets
and squares "1. The aim of the research is to
explore and understand the features of the lowdensity built environment in the island of
Sardinia. Here the heritage built outside the
margins of the consolidated villages, starting
from a condition of literally inexistence until
the 19th century [5], has now become the 1/3
of the entire built heritage of the island. Such a
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Introduction
Jordan, an upper-middle income country [1] with
a consumerist lifestyle, has the urgency of an
improved municipal solid waste management
(MSWM) service and recycling needs to be
included in it. In fact, MSWM in Jordan is still
mainly organized as an “end of pipe” system,
including collection of unsorted waste and
disposal in landfills. In the last years, a stronger
pressure on such system was led by the big flow
of Syrian refugees, especially in the north of the
country [2,3,4]. In such context, the informal
sector (mainly) is doing some activities of
collection, sorting and selling valuable materials,
but the system in place is not systematic and it is
strongly affected by oil and energy price
fluctuations. Big donors recently supported the
drafting of a national strategy and of regional
master plans for MSWM, but the situation does
not seem to be changing. Non-governmental
Organizations (NGOs) and relief organizations
are supporting MSWM activities through pilot
projects, but this needs to be sustainable beyond
the project funding.
This research focused on the city of Irbid, in the
north of Jordan, where a development
cooperation project planned to build a recycling
pilot plant for plastic and paper waste, for the
production of plastic pellets and of a cellulose
based insulation material. The specific aim is
evaluating the appropriateness of the pilot plant,
according to techno-environmental, economic
and social-institutional dimensions and the more
general aim is identifying what has so far
inhibited the development of an effective
recycling system in Jordan and what are the
recommendations to overcome these barriers.
Methodology
The methodology used to create a complete
picture of the issues includes both quantitative
and qualitative approaches for data collection.
Experimental research was carried out in order
to determine the composition of the MSW in Irbid.
In addition, comprehensive semi-structured
interviews with different stakeholders (divided in
four categories: institutional actors, private
sector, civil society and international actors), as
well as field visits to validate and complement
information obtained from interviews were
carried out. Concerning data elaboration,
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different methods were selected in order to reach
specific purposes. For instance the method of the
Theory of change [5] resulted to be an
appropriate way to elaborate the collected data
because it allows staying in the complexity that
characterizes the problem in the context of action
and coming to elaborate proposals for change in a
systematic and shared way. The application of
this method, not present in the scientific
literature as far as MSWM is concerned, included
different steps: the social network analysis, the
stakeholder analysis, the analysis of problems
and the identification of the general outcome and
backward mapping (causal chain reconstruction).
Finally, the evaluation of the appropriateness of
the technology applied for the pilot plant in Irbid
was carried out adapting existing methods and
creating ad hoc indicators in order to access the
most important impacts related to the specificity
of the case study.
Main results
The stakeholder analysis allowed to build a
picture of the power, interest, knowledge and
attitude of the involved actors that, together with
the analysis of the network between these actors,
constitutes the base for the selection of the single
player who can be the bearer of a change. The
analysis of the problems, emerged from the
interview content analysis, revealed the
identification of five main categories of barriers
to the development of an improved MSWM and
recycling system in Jordan: lack of financial
feasibility, lack of coordination, problems in the
waste value chain, lack of awareness and lack of
an appropriate regulatory and control system.
The backward mapping, the last step of the
developed Theory of change, brought to a set of
specific proposals (built as a tree diagram of
actions), divided in the same abovementioned
problem categories.
The investigation of the paper and cardboard
recycling pilot plant in Irbid allowed pointing out
some potential complications within each
dimension of appropriateness. For example, the
most critical issues with-in the technoenvironmental dimension are related to the
uncertainties in waste input availability.
Concerning the economic dimension, what
emerged is that the dependence on the prices at
which the products can be sold is high, together
with the dependence on the prices of the input
waste materials that can be variable. Within the
social-institutional point of view, the risk is
identified in the possible interference of the
informal sector.
Conclusions
Theory of change method, after having been
tested, resulted to be applicable at several levels
in MSWM. In particular, this kind of approach
could help overcoming the "stagnant" situation in
which Jordan is currently in the sector, despite
the numerous aid and developed strategies and
master plans. This could occur thanks to the
effort in rephrasing problems in changes and in
building a step-by-step cause-effect chain that
brings backward to what are the single actions
that are prerequisites to achieve the desired
change. In fact, the simple and consequential set
of actions that came out from a backward
mapping process can indicate the steps to follow
with priorities within each chain and help not to
forget/underestimate barriers to go forward.
The results of the Theory of change developed in

this work have by themselves an immediate
usefulness for the NGO that participated in the
testing of the method. In fact, it constitutes a
starting point, built in a systematic way, on which
the NGO can base its planning activity, also with a
view of sharing of the emerged needs with the
donors in the sector.
The evaluation of the appropriateness of the
chosen technology in Irbid pilot plant has been
positive, even if with some risks. It is suggested to
replicate the monitoring and the analysis of all
the consideres dimensions periodically, also in
order to identify the strengths and weaknesses to
better understand how the system can be
eventually scaled up.

Fig. 1 - Summary of the main cathegories of
action within the developed Theory of Change
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