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Abstract

The impact of climate change on agriculture and the future rural landscape is strictly related to
the need to improve resilience to water stress. In this context, the main problems are the increase
in droughts and the intensification of rainfall events. The objective of the research project, car-
ried out in the territory of the Reclamation Consortium of Ferrara, is to manage them through
a consistent selection of less productive agricultural areas and their transformation into new
habitats capable of storing water and releasing it during drought periods. To identify the project
are-as, a method was developed based on the analysis of soil productivity through the processing
of satellite images. The proposed system, capable of meeting up to 38-80% of water needs by
2040, is both a tool to support current adaptation policies and a long-term vision towards new
spatial configurations of the rural landscape.

L'impatto dei cambiamenti climatici sull'agricaltura e sul futuro dei paesaggi rurali e stretta-
mente legato alla capacita di adattamento allo stress idrico. In questo contesto, aumento della
siccita e intensificazione degli eventi piovosi sono i principali fenomeni da fronteggiare. Lobiet-
tivo dellaricerca, svolta nel territorio del Consorzio di Bonifica di Ferrara, & stato quello di gestirli
attraverso una selezione coerente delle aree agricole meno produttive e la loro trasformazione
in habitat capaci di accumulare acqua e rilasciarla durante i periodi di siccita. Per identificare
le aree di progetto, & stato messo a punto un metodo basato sull’analisi della produttivita dei
suoli attraverso I'elaborazione diimmagini satellitari. Il sistema proposto, in grado di soddisfare
fino al 38-80% del fabbisogno idrico entro il 2040, & sia uno strumento a supporto delle attuali
politiche di adattamento che una visione a lungo termine verso nuove configurazioni spaziali
del paesaggio rurale.
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The management of unproductive agricultural ar-
eas in the territory of the Reclamation Consortium
of Ferrara

Agriculture and rural landscape are the cause and
effect of a symbiotic process (Pasini, 2018) whose
balance is essentially based on the abundance or
scarcity of water resources. Reclaimed lowlands
are shaped to dynamically manage both these con-
ditions through infrastructures that ensure safety
(drainage) and productivity (irrigation) at the same
time. In the last few decades, the detrimental im-
pact of climate change on the frequency and inten-
sity of atmospheric precipitations is threatening
the agricultural sector, accelerating soil degradation
phenomena (Mahato, 2014). At the same time, the
optimization of satellite-based information could
represent soon a game-changer for agriculture pro-
viding a suite of real-time decision support systems
(Diak, 1998) enabling, for example, the assessment
of water resources or soil productivity (Jung et al.,
2021). Although the processing of high-resolution
data remains a challenging task when applied to
large-scale case studies, such promising tool need
to be tested since, as in the present research, it can
outline alternative paths to a more resilient man-
agement of the rural landscape.

The project presented in the following pages was
developed on the jurisdiction of the Reclamation

Consortium of Ferrara (RCF) whose landscape can
be described as a performing hybrid between na-
ture and technology where water drainage and lift-
ing operations are supported by a widespread hy-
draulic infrastructure (Fig. 1) that gives the percep-
tion of a stable and safe territory while, as a matter
of fact, it hides a very delicate artificiality. The net-
waork of canals stretching across the plain has dic-
tated, over the centuries, the rules of human settle-
ment on the area, leading to a progressive detach-
ment from pre-existent landforms deeply charac-
terised by the presence of water. The different den-
sity, rhythm and articulation of the landscape pat-
terns reflect the way and periods in which reclama-
tion works have been made. The increasing vast-
ness and recurrence of farming plots, their spatial
arrangement and shape, clearly show how the mod-
ern mechanization has almost completely obliterat-
ed those subtle variations in morphology and soil
texture that especially in lowland contexts are es-
sential for biodiversity and landscape variety. Now-
adays, with a few notable exceptions (like the Co-
macchio Valleys), the landscape of water within the
Ferrara plain coincides almost entirely with a free-
standing hydraulic infrastructure superimposed
to the territory (Fig. 2). Nevertheless, beneath this
mesh traces of less rigid and repetitive patterns -
composed by palaeodunes, ancient shorelines, lev-
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ees and infilling channels - are still detectable and
can represent the implicit driver to re-establish
more sustainable relationships with water, both in
functional, ecological, and cultural terms.
Such opportunity is even more significant if we ana-
lyse the paradoxical circumstances that have turned
the present ultra-efficient drainage (and defensive)
system into an unintended wastage device. In fact,
the RCF moves every year 235.670.000 m? of wa-
ter for irrigation purposes and 349.100.000 m? for
drainage. These numbers indicate that a significant
amount of water would already be available to com-
220 pensate for drought if it were not, as is currently the

case, immediately discharged into the sea. Nowa-
days, only a few areas are dedicated to water stor-
age, and most of them are connected to the drain-
age network but not to theirrigation one. The chal-
lenge for the future is to gradually improve similar
systems to respond to changing climate conditions
and compensate for periods of water stress (Fig. 3).
In this context, the research question was straight-
forward: can we address increasing seasonal wa-
ter shortages and flooding events by ‘giving up’,
and transforming, low-productive croplands? Be-
fore even discussing this hypothesis, it is worth
mentioning that there is an internal debate within



many consortia concerning the convenience - or not

- of decommissioning hydraulic systems in proven
under-productive and highly sunken districts. Al-
though an increasing number of studies endorse
this option (Di Giulio et al., 2017; Greiving and Pun-
tub, 2018) and propose progressive retreating strat-
egies from these areas, the common counterpoint
opposes this approach, arguing that it would be-
tray the mission of reclamation consortia and the
efforts made by previous generations to conquer
these lands for farming. Thus, what may seem like,
at first sight, as a technical issue turns into a cul-
tural and political matter that requires the estab-

Fig.1- The Reclamation Consortium of Ferrara and its hydraulic
infrastructure (elaboration by the Authors)

lishment of more articulated strategies and for-
ward-looking visions.

Landscape-oriented approaches have already prov-
en in many contexts how it is possible to designin
the terrain of water by relying on instability rather
than on elusive, perhaps even detrimental, expec-
tations of fixity (Rijke et al., 2012; Mathur and Da
Cunha, 2014; Rossano, 2015). Following this concept,
the present research depicts a path towards a differ-
ent arrangement of the rural landscape in response
to ongoing mutations in water availability while
merging productivity instances with the safeguard

of ecosystem services. The goal of the work was to 221
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Fig. 2 - The network of canals stretching across the Consortium territory coupled with aerial views showing the traces of ancient
canals and paleodunes (photos and elaborations by the Authors).

Fig. 3 - Picture from the Po riverbed during a severe drought event in 2022
(photo courtesy: ©Paolo Panni).



provide the Consortium, by the means of both quan-
titative-qualitative outputs, with aninstrument ca-
pable of supporting decision-making processes, as
well as political and social negotiations with other
authorities and stakeholders. Specifically, the re-
search aims at demonstrating how it is possible to
enhance resilience towards prolonged drought peri-
ods by selectively transforming low-productive ag-
ricultural areas into new performative habitats ca-
pable of storing water during flood events and re-
leasing it when necessary. To accomplish this, the
project develops an intervention methodology that
is based on the analysis soils’ productivity (Agus et
al., 2015). Using satellite imagery processing, suita-
ble (low productive) areas to be transformed in wa-
terreservoirs, infiltration forests or aquifer recharge
spots are identified and designed according to their
pedological and topographical features. In this way,
‘land aptitude’, becoming a driver for landscape evo-
lution has informed planning strategies and design
solutions at different scales.

Scenarios’ evaluation

In the RCF area, the water requirements to counter-
act periods of prolonged drought that will affect ag-
riculture have been calculated according to 4 differ-
ent scenarios at 2100, representing equally plausi-
ble future frameworks (Burt and Van Der Heijden,
2003; Emanueli and Lobosco, 2018) which, on long-
term horizon, can happen within a range of con-
trolled uncertainty. To quantify the amount of wa-
ter needed in each scenario to fill the gap with cur-
rent consumptions, two main field of variables have
been set and intertwined: the water deficit for irri-
gation related to climate change forecasts; and the
water savings rate depending on agricultural tech-
nigue advancement.

The maximum and minimum values of the first
variable were inferred from IPCC projections
(Hoegh-Guldberg et al., 2018), by considering the
trend of weather variations expected for the emis-

sion scenarios corresponding respectively to the
Representative Concentration Pathway (RCP) 2.6
and 8.5. In order to quantify their impact on water
availability, both the increasing number of consecu-
tive drought days per year (37in RCP 2.6; 54 in RCP
8.5) and the increasing number of extreme precip-
itation days per year (30 in RCP 2.6; 38 in RCP 8.5)
have been used for calculating the prospective wa-
ter deficit in each one of the 28 water districts com-
posing the Consortium. It is important to underline
that water deficit is correlated not only to drought,
but also indirectly to the periods of intense precipi-
tations which, concentrating a share of the annual
rainfall in a short span of time, don't allow to max-
imize their use forirrigation since the most of this
water is drained as soon as possible to the sea.

The second variable, concerning the advancements
of agricultural technigues, has been tied to the po-
tential diffusion of precision agriculture (PA), an in-
tegrated information and production-based system
which can optimize the water supply up to a level
strictly dependent on future land use polices (Def-
fontaines et al., 1995), partly beyond the control of
the Consortium. The research hypothesis is that the
related percentage of water savings may vary be-
tween two extremes: a 5% value, corresponding
to a prospective context (named TA) in which tra-
ditional agriculture parcelling is still predominant
and water savings are just related to crop-tailored
irrigation scheduling protocols driven by geo-refer-
enced remote sensing systems (Doron, 2017); and a
30% value corresponding to a prospective context
(named PA) in which precision agriculture for water
use optimization is fully implemented not only in
technological, but also in practical terms, especially
with respect to the arrangement of different crops
according to inter- and intra-field characteristics
rather than following land ownership and bounda-
ries (Stafford, 2015).

Once set these variables, four different long-term
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@  Secondary water management unit sewer
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O Water management unit sewer/drainage

1 District name: EST BOICELLI PRIMARO CAMPOCIECO VOLANO CAMPOCIECO
2 Area: 12.680 ha 6.076 ha 4.264 ha

3 Water management sewer units: 9 8 9

4 Water management drainage units 7 2 0

5 Current consumption: 4.120.000 m* 2.350.000 m* 3.300.000 m*
6 Current discard: 12.230.000 m* 4.930.000 m* 6.450.000 m*
7 Requirement TA 2.6: 450.000 m* 260.000 m* 360.000 m*
8 Requirement TA 8.5: 680.000 m* 390.000 m* 540.000 m*
9 Requirement PA 2.6: 320.000" m* 180.000 m* 250.000 m*
10 Requirement PA 8.5: 470.000 m* 270.000 m* 380.000 m*

Fig. 4 - Three of the 28 water districts composing the Consortium area and their relative data (elaboration by the Authors)

scenario features a specific amount of water stor-
age needed for ensuring the current agricultural
productivity rates under specific climatic and tech-
nological conditions forecasted at 2100. While giv-
ing an overall idea of the challenging issues ahead,
these total volumes are more significant if ana-
lysed by their specific components. Data collect-
ed for each of the 28 water districts in the Consor-
tium area (following the table in Fig. 4) allowed for
an evaluation of the extent to which currently dis-
persed water (item 6) could theoretically fill the
gap with respect to the different drought scenarios
(items 7 to 10). This data enabled a first infrastruc-
ture-based assessment of the areas that could po-
tentially be transformed from agricultural to water
storage landscape.

Land-aptitude classification
To understand where and to what extent storage
operations could be developed, an additional as-

224 sessment concerning the pedological attitudes of

the cultivated land was made by the means of re-
mote sensing technigues (Di Gennaro et al., 2018).
This assessment involved extrapolating crop yield
potential from historical data series of the Normal-
ized Difference Vegetation Index (NDVI) obtained
from the AgroSat platform.

Such process allowed to render a good approxima-
tion of the agricultural un-productivity into a GIS-
based cartography composed by those areas with
a potential yield ranging from 0% to 30%, extrap-
olated from the main three colour gradient map de-
scribing: productive soil (60%-100%), medium pro-
ductive soil (10%-50%), unproductive soil (0%-
10%). In this way, a first operational-prescriptive
criterium for possible water storage localizations
and size has been set up and further characterised
through metadata related to soil permeability, Li-
dar derived topography and surface aquifers depth.
The overlapping of this set of information allowed
to build a ‘'land aptitude’ map (Fig. 5) providing the
framework for the next strategic choices.
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Fig. 5 - The ‘land aptitude’ map providing the framework for the next strategic choices. Red areas are
more suitable to be converted from farming to wetlands (elaboration by the Authors).
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Fig. 6- The proposed 2040 strategic scenario representing the spatial transformation of
unproductive agricultural areas into water storage devices (elaboration by the Authars).
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In order to set an intermediate resilient landscape
capable to counteract drought related issues with
respect to a shorter time horizon, the georeferenced
dataset has been filtered following two main stra-
tegic priorities: creating new environmental corri-
dors and defending croplands from the increasing
saltwater intrusion from the coast. With this aims
a series of consecutive GIS-based operations were
employed to select only those neighbouring unpro-
ductive areas located on the shortest path connect-
ing existing ‘natural’ habitats and those positioned
at the boundary of the current mixing zone of the
salt wedge's influence area parallel to the coast.
Thanks to this multilayer interpolation, it was pos-
sible to identify the backbone of a perspective
green-blue territarial infrastructure whose start-
ing points of implementation are represented
by unproductive areas and the space in-between
them is where the Consortium can gradually plan a
land use changing in the long run, by taking advan-
tage, for example, of less space-consuming farm-
ing practices related to precision agriculture. The
proposed 2040 strategic scenario (Fig. 6) depicts
a punctual but diffuse network of potential land-
scape transformations against flood risk and in fa-
vour of water supply. Their highest concentration
is along two rivers (‘Po di Volano’ and ‘Po di Prima-
ro’) and nearby the paleo dunes systems featuring
the eastern sector of the Consortium. By crossing
the whole territory from east to west, such pro-
spective infrastructure intersects different con-
texts providing a plethora of situations which have
been the subject of furtherin-depthinvestigations
aimed at quantifying the average storage capaci-
ty of each sample intervention to be projected over
the whole network.

Multi-scale design proof
Therefore, the last step consisted in developing
specific projects on two different scales exempli-

226 fying the hypothetical phases for implementing

the program firstly on a medium-term and then
on a long-term time horizon. These proposals were
meant to supply both quantitative and qualitative
information for assessing the overall impact of the
strategy. In particular, the 3 local interventions de-
signed on low-productive areas allowed to extrap-
olate parametric values for calculating the total
reservoir capacity of the system in the prospect-
ed 2040 strategic scenario. Finally, how such type
of actions may evolve into more complex and per-
forming landscapes has been investigated by out-
lining two large-scale programs for the long run.

Some preliminary strategic guidelines have been

established, considering the state of the water in-

frastructure, the possibility of contracting with the

Consortium’s landowners and the economic feasi-

bility of works. They consisted in:

* locating the interventions at the beginning point
of major irrigation systems, next to the water in-
take points from channels to leverage existing
equipment and serve the entire network during
emergencies;

developing on highly unproductive sectors, in-
stead of large water reservoirs, multi-composed
storage and infiltration devices, better respon-
sive to the NDVI-based characterization and to
soil's texture and structure variations (permeabil-
ity), also more adaptive to the current land divi-
sion and less expensive;

combining such systems, within a 100-meter
buffer zone parallel to the main channels, with
Forested Infiltration Areas (FIA), phytoremedia-
tion ponds, cover crops, perennial grasses or na-
tive vegetations more apt to tolerate the so-
called ‘microlaminazione’ technique, namely a
widespread-low-depth version of retarding ba-
sins, which allows the gravitational percolation
of water, taking advantage of very low slopes
(around 3%o) of fields;

incentivizing precision-automatized agriculture

in the nearby productive areas through coopera-



Fig. 7 - Localization of the three
local case studies with their
respective ‘land aptitude’ analyses
(elaboration by the Authars).
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tion agreements between landowners to develop
and monitor pilot experiences on a wider range of
farm types and sizes;

* integrating water management interventions
with site-specific programs addressed to improve
the public spaces quality of rural settlements, the

accessibility to landscape amenities and the re-
connection of fragmented habitats.
Upon these general criteria, three local interven-
tions were developed along the Po di Volano River’s
area (Fig. 7), one of the main trajectories identified
through the scenario transfer operation.
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Fig. 8 - The Codrea case study. Note the large storage
tank adjacent to the river, from which linear water depot,
microlamination and forested areas of infiltration branch
off (elaboration by the Authors).

|
/ Codrea project planimetry
— e (T,

Baura project planimetry |
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Fig. 9 - The Sant'Antonino case study. The water
management systems are integrated in a park next to
the Cona Hospital where wetlands and collective spaces
hybridize with each other (elaboration by the Authors).



Sant’ Antonino project planimetry

Fig. 10 - The Baura case study. Water purification systems are
arranged on the left side of the canals, while on the opposite
side a floodable square blurs urban and agricultural patterns
(elaboration by the Authors).

1

The Codrea case study (Fig. 8) is carried out on a ru-
ral area in the countryside of Ferrara involving the
croplands along an irrigation canal branching off
from the Po di Volano River. Here, the soil produc-
tivity is taken into account for identifying the most
suitable areas to be devoted to water storage and
infiltration (i.e. aquifer recharge). At the same time,
the ground topography and the soil composition in-
form the choice of the different landscape devices
addressed to those functions. In fact, the project ar-
ea can be distinguished in two portions. The high-
er and most impermeable one at the mouth of the
canal, corresponding to the Po di Volano paleo river,
houses an extensive phytoremediation. From here,
without pumps but using gravity, the water is then
diverted towards the lower part whose spatial ar-
ticulation is determined by a sequence of water de-
posit bands sized to meet the storage needs while
being adaptable both to the structure of private
properties and soil productivity. Each band inte-
grates an aquifer recharge section at the end which
is meant to be activated in case of water overload:
made of ponds and drainage wells, it is hydraulical-
ly connected with neighbouring areas. These last
ones, keeping their productivity function, are con-
verted into infiltration groves (also for shading the
water basins contrasting evaporation) and hydro-
philic crops in order to work as micro-lamination ar-
eas during extreme rain events.

The unusual feature of the Sant’Antonino site is the
presence of an outsized building serving the cityina
rural area: the Sant’Anna Hospital with its huge car
parking stands beside an important drainage chan-
nel flowing toward the Po di Volano River. In this ap-
plication (Fig. 9), the water storage system, devel-
oped according to the same above-mentioned prin-
ciples, has also the aim of cleaning the water run-
off from the hospital district before it reaches the
canal. By this way, the right side of the watercourse,
instead of an unproductive ‘terrain vague, becomes

||OUSe3E|A ‘0350407 ‘13Ul
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Large-scale program 1 - Territorial scale

Large-scale program 1 - Project scale

e~

Fig. 11 - The western large-scale program concerns a new unitary ecosystem of wetlands that shapes a green-blue
belt around the city of Ferrara; on the right, a zoom of the masterplan connecting the local interventions proposed

(elaboration by the Authors).

with a space for outdoor activities and with a green-
blue infrastructure capable of mitigating the park-
ing heat island during the summer thanks to the
water's evaporation pushed in that direction by the
prevailing winds.

The Baura case-study (Fig. 10) deals with an intri-
cate hydraulic system composed by three main el-
ements: the Po di Volano River which flows 3 me-
ters above the surrounding lands; an irrigation ca-
nal that, branching off from the river, runs along the
west side of the village and enters a subsequent
one to the north called Canale Naviglio; then, an
additional western channel, beside the former one
but flowing in the opposite direction, which drains
its waters into the river by means of a mechanical
lifting system. In this context, the main issue is to
manage the risk of flooding during intense precipi-
tations that also cause frequent contaminations of
the canals by the village wastewater. To better reg-
ulate the levels of the drainage system, the pro-
ject aims at expanding its retention capacity, slow-

230 ing down the run-off towards the river by a series of

floodable areas placed on either side of the bundle
consisting of the two channels. In the strip of land
between them, taking advantage of the lower flow-
ing level of drainage waters, a new phytoremedia-
tion wetland is created to treat the waters before
they reach the irrigation network.

Following a bottom-up approach, the research as-
sumes that local interventions, as the ones de-
scribed above, might work as milestones for wider
transformations. Such perspective was investigat-
ed by outlining two strategic masterplans dealing
with different environmental issues.

The first large-scale program (Fig. 11) consists in a
forward-looking implementation of the previous
three case studies embedded in the design of a uni-
tary wetlands’ ecosystem forming a green-blue belt
around the city of Ferrara. The system connects all
the pulverized unproductive areas identified, ex-
panding their retention capacity and acting as an
ecological corridor in contrast with the homogene-
ity of the rural landscape. Its position at the edge of
the peri-urban area of the town allows to address



Large-scale program 2 - Territorial scale

Large-scale program 2 - Project scale

Buldings
lydrography

Femanaceckunrion arowad border
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Fig. 12 - The eastern large-scale program envisages a striped landscape made of 156 km linear woodlands
aimed at protecting farming areas from saltwater intrusion and desertification; on the right, a zoom of the
masterplan on a reclamation area next to the coast (elaboration by the Authors).

some land degradation processes that typically af-
fect such porous and transitory contexts where
housing and industrial developments extend, of-
ten with no foresight, into the rural. So, the master-
plan aims to provide a buffer against land consump-
tion by setting up both a physical boundary and an
environmental infrastructure capable of preserv-
ing the productivity of the leftover farmlands into
the urban fringes. Besides that, the implementa-
tion of new humid ecosystems is expected to bet-
ter manage the increasing water run-off, face to
more intense rainfalls, that the existing large indus-
trial areas, at the outskirts of the city (such as the
petrochemical hub on north-west or the Cona Hos-
pital on the south-east), are going to produce. In
this perspective, the constructed wetlands will al-
so operate as a pollution control tool assuring nat-
ural cycles of phytoremediation for waters coming
both from sealed (urbanised) areas than from in-
tensive farming plots. Also according to this func-
tion and the necessity of preventing undue evapo-
ration, most of the system will be featured by the

re-creation of floodplain swamp forests that an-
ciently were spread across the territory and now are
almost disappeared: composed by various hydro-
philic tree species (like oak, alder, willow, elm, ma-
ple, ash, white and black poplar), their closed-cano-
py structure assures shade and especially ideal mi-
croclimatic conditions to host a wide range of bio-
topes depending on soils’ texture and morphology.
So, along its 55 kilometres extension, the proposed
green-blue belt is expected to have significant im-
pacts not only upon agricultural uses and productiv-
ity, but also on biodiversity and environmental ser-
vices through the interconnection of fragmented
habitats around the city.

The second large-scale program (Fig. 12) insists on
the eastern part of the Consortium where the salt-
water intrusion is significantly endangering agricul-
ture through its advance along rivers and into the
soil. Extending up to 30 kilometres inland, such pro-
cess affects the most those reclamation areas lo-
cated on the back of the ancient paleo dunal cor-
dons outcropping parallel to the coast between Tag-

231
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lio di Po and the Comacchio Valleys. On these low-
lands, where the soil salinity level is high already
between 50 and 100 cm, it is crucial to infiltrate as
much as possible freshwater in order to push down
the interface layer with saltwater. With this aim,
the masterplan identifies from north to south a dis-
continuous bundle of agricultural areas in which to
develop MAR (Managed Aquifer Recharge) plants
(Dillon et al., 2019), transforming water consum-
ing fields into storage and percolation devices. The
stripes composing the system are arranged to sort
out a pattern of linear woodlands which is supposed
to work as a barrier against desertification process-
es thanks to the combined action of retention and
infiltration areas. Indeed, each strip, given its con-
siderable length (up to 10 km), can exploit the differ-
ent soil textures (mainly sandy, loamy or clayey) de-
termined by the geological formation of the alluvi-
al valley for hosting a series of habitats hydraulical-
ly connected and capable of managing storm water
outside the drainage network to gradually release
it to the ground in unsaturated areas. A key-role in
this process can be played by the so-called Forested
Infiltration Areas: constructed deep rooting forests
with a productive vocation that allow water to per-
meate faster into the soil, preventing evapotranspi-
ration (Mezzalira et al., 2014). According to the pro-
posed scheme, the future agrarian landscape, in-
stead of the current homogeneous scenery, may
evolve into a more various system where farming
and crops distribution will follow the ecotone result-
ing from a new spatial distribution of water resourc-
es and ground salinity (Fig. 13).

The strength of an integrated strategy

Through a multi-scalar approach, the research has
been addressed to prove at different scales the ef-
fectiveness of an integrated strategy that consid-
ers both productive expectations and the realistic
assessment about those lands which should be di-

232 rectly or not devoted to farming. At the scale of the

three exemplar case studies, such program would
allow to reach the quantitative results, synthesized
in the Table 1. Each intervention is expected to cov-
er approximately 5-7% of the water deficit in the
worst-case scenario, while in the best-case scenar-
io, this percentage could increase to 12-15%. Given
that the three districts have multiple intake points
where similar transformations could be implement-
ed, the goal of storing enough water to fully com-
pensate for prolonged drought periods is high-
ly achievable in the long run, especially considering
that each proposed project affects less than 1% of
its respective catchment area.

Such hypothesis has been verified by projecting
the results obtained from previous calculations to
the scale of the entire consortium territory (Tab. 2).
The selected low-productive areas which are sup-
posed to be transformed in a medium-term horizon
(2040) amount to the 5,4% of the current croplands
located among 97 water intake points along the
channels network. Referring to the performances
analysed in the case studies, the total reservoir ca-
pacity of the system is estimated at 33.642.000 m?
per year, half of which can be directly used for irriga-
tion, while the leftover will be stored underground
by infiltration. In this way, almost 10% of the water
that the consortium currently moves, instead of be-
ing directed to the sea (and wasted), will be kept out
of the network, contributing, on the one hand, to
improving the performance of the drainage system
during extreme rainfalls and, on the other hand, to
ensuring a reserve of water for periods of drought.
The latter quantity, corresponding to 16.020.000
m? per year, represents 38 to 80% of the total pro-
jected water demand for each reference scenario in
2100. This means that the proposed system could
provide, in just a few years, a valid response to wa-
ter stress and, above all, lay the foundations for a
resilient evolution of the rural landscape.

In fact, the two large-scale masterplans outlined
show possible paths for extending the new water
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Fig. 13 - The evolution of the future agrarian landscape: from actual conditions to a new
symbiotic landscape passing through specific interventions (elaboration by the Authors).
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management system far beyond the low-produc-
tive areas selected in order to reach more ambitious
goals by 2100. The main output of the green-blue
belt programme around Ferrara is to provide the
Consortium with a vision to share with stakehold-
ers and local authorities to initiate a process of ne-
gotiation and promote further in-depth studies to
confirm the feasibility of the proposal. The same
applies to the second design suggestion concerning
the striped landscape made of 156 km linear wood-
lands aimed at protecting farming areas from salt-
water intrusion and desertification. Ultimately,
both masterplans represent a forward-looking stra-
tegic framework without which even shorter-term
implementations risk failing due to a lack of con-
sensus and perspective.

Unproductive soil as a driver for landscape adap-
tation

The research explored the hypothesis of using un-
productive soil as a driver for landscape adapta-
tion to climate change, showing its potential in ad-
dressing strategic and design actions to face water
stress. Despite its limitations, the research demon-
strates how degraded lands can turn into resourc-
es for the entire agricultural sector and the rural
landscape. Such evidence is strengthened by the
two proposed large-scale visions whose deeper ob-
jective is to shift the focus from ‘flat’ data to more
‘telling’ representations of the long-term oppor-
tunities that landscape planning can generate by
translating regional policies into site-specific pro-
cesses of change rather than limited and vague
good practices.

In this sense, the conceptual ‘attachment to the
soil' featuring the research is an attempt to over-
come generalisations while detecting spatial pat-
terns where to develop green-blue infrastructures.
Such an approach seeks to update some fundamen-
tal experiences and reflections on the importance of

234 soil as a crucial determinant for the landscape plan-

ning (McHargh, 1969; Secchi, 1986; De Roo and Rau-
ws, 2012; Lobosco, 2020). That is why its precise
characterization is a major topic especially for what
concerns the availability of high-resolution his-
torical data regarding for example land productivi-
ty (Bucci et al., 2019) and drought impacts on water
resources (Wilhite et al., 2007). In practice, a simi-
lar goal can only be achieved through remote sens-
ing monitoring systems (Prince, 2019) far more so-
phisticated and exhaustive than those used in this
study which just represents a first demo application
of its kind in the Italian context.

Although further investigation is undoubtedly
needed to refine the results obtained, an unequiv-
ocal issue raised by this work is the urgency of a
regulatory framework on the payment for ecosys-
tem services (Rodriguez-Robayo and Merino-Perez,
2017) which would represent a key lever for the im-
plementation of ambitious programmes in com-
plex agrarian contexts, as the Italian one, character-
ised by a high fragmentation of properties and by
a considerable morphological diversity. Fortunately,
the reclamation Consortia already have an equalisa-
tion tool by law that could be adapted for this pur-
pose: the so-called ‘Classification and Allocation
Plan’ identifies different macro-zones of the terri-
tory according to the benefits they receive from the
consortium operations (drainage and irrigation) and
on these bases it allocates the charges to be paid by
landowners. So, if improved with new criteria con-
cerning, for example, the value of ecasystem servic-
es provided by constructed wetlands or aquifer re-
charge devices (De Giglioet al., 2018) and if integrat-
ed with real-time high-resolution monitoring sys-
tems, such instrument will really be able to support
a balanced land-use reform based on the intrinsic
characteristics of the sails.

As this article has tried to prove besides new toals,
also a cultural shift is needed on what is meant by a
productive rural landscape especially in view of rad-
ical changes that will affect the availability of ba-



Trans- | Percentage of Retain Drought requirements quantities for each
Water g Water district | capacity for | scenario
Case study . .. | formed |transformed Lo
district annual irrigation | (mc)
- Crop- | areas over the .
. .. . |Area . consumption | after the
Water district lands entire water ;
ha) |3y | district (mc) project TA26 |PA2.6 |TA85 |PA8S
(mc)
38.465 360.000 |250.000 |540.000 |380.000
CODREA Percentage
Volano 4265 |38 0,89% 3.300.000 incidence
Campocieco of the 10,68% [15,39% |712% 10,12%
project
SANT’ 22.633 260.000 |180.000 |330.000 |270.000
Percentage
ANTONIND 6.076 27 0,44% 2.350.000 incidence
Primaro fth 8,71% 12,57% |5,80% 8,38%
Campocieco IS
project
41.296 450.000 |320.000 |680.000 |470.000
Percentage
BAURA
s 12.681 |24 0,19% 4120.000 inci
Est Boicelli ° incidence | 9450, |12,91% |6,07% |8,79%
of the
project

Tab. 1- Quantitative results of the three local projects (elaboration by the Authors).

Total cultivated

Convertible

Percentage of

Amount of water
discharged in the

Water retain

Percentage of water
potentially off the

area of the convertible areas potential of 5

. Croplands . sea by the Consor- . drainage network
Consortium over the entire . convertible areas L

(ha) . tium after the project im-
(ha) Consortium (mc) \
(mc) plementation

178.000 9.612 5,40% 349.100.000 33.642.000 9,64%
Retain capacity for irrigation af- | Drought requirements quantities for each scenario
ter the project implementation (mc)
(mc) TA2.6 PA 2.6 TA 8.5 PA 8.5
16.020.000 27470.000 19.980.000 41.210.000 28.840.000
oS ST LT 58,32% 80,18% 38,87% 55,55%
project

Tab. 2 -Quantitative results of the medium-term program at the scale of the whole Consortium (elaboration by the Authors).
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sic resources such as water (Heijman et al., 2019). In
fact, cultivated land converted into water manage-
ment devices or ecological reserves cannot be con-
sidered as something detached from the entire ag-
ricultural system, since their contribution will be in-
creasingly crucial to ensure lasting and good quality
harvests. At the same time, their function as water
regulators, biodiversity generators and landscape
hotspots will make them one of the main compo-
nentsin achieving a symbiotic relationship between
the city and the countryside, which perhaps is pre-
cisely the duality to overcome in order to effectively
tackle climate change.

In the same perspective, it is equally important to
consider ‘time’ as a key factor for the success of
transformations involving complex environmental
systems such as those investigated in this research.

Today more than ever, it's crucial to set in motion
processes that can reform the perception of wa-
ter landscapes among citizens and decision-mak-
ers. This will help them develop a more intimate un-
derstanding of habitats that are inherently variable
and subject to significant changes in both the short
and long term. The persistent notion of rural land-
scapes as static and unchanging is not only histor-
ically inaccurate but also a dangerous anaesthetic
to climate awareness. In this regard, landscape de-
sign has a crucial role to play in shaping the space
where mutations can happen unleashing their full
aesthetic and functional potential.
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