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Each year, milions of migratory birds follow the
river system, using its directionality as a guideline
between Northern Europe and the Mediterra-
nean, Africa, and beyond. Yet the same geogra-
phy that facilitates movement also creates vulner-
ability. The plainis dominated by agriculturalfields,
industrial clusters, and dense infrastructures.
‘Map 111. Po Valley 1:500000 Infrastructure Map’
on page 28, presents the central Po Valley as a
territory shaped by strong contrasts.

To the north, Milan and its metropalitan satelites
form a dense and highly connected infrastructur-
al-urban system.

To the south, the Via Emilia corridor establishes
another linear concentration of settlements and
mobility.

Between these two high-intensity systems lies
a visbly weaker zone, where settlement density
decreases, infrastructural hierarchy becomes
fragmented, and territorial connectivity shows a
lower degree of cohesion.

Within this field, the Piacenza—Cremona segment
does not behave as a corridor but rather as a
perforated stretch — a zone that infrastructures
Cross without generating stable accumulation or

consolidation.

The Caorso nuclear site is positioned inside this
dilutedinterstitial territory.

Its centrality is only cartographic: the plant occu-
pies a low-density area shaped by long-standing
agricultural use, limited urban expansion, and rel-
atively low infrastructural anchoring.

This condition has been reinforced since 2013,
when direct passenger rail service between Pi-
acenza and Cremona was discontinued, leaving
only freight-based operations — infrastructure
designed for logistics rather than everyday re-
gionallife.

From a technical planning perspective, Caorsos
location is rational: it offers access to the Po Riv-
er for cooling, compatible geclogical conditions,
and proximity to high-voltage transmission lines,
all positioned at a safe distance from dense ur-
an fabric.

However, this technically rational placement also
reveals a deeper territorial condition: sites select-
ed for large-scale infrastructure tend to coincide
with areas where development pressure is weak
and where socio-spatial consolidation has been
limited.
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In this sense, Caorsois not an anomaly within the
landscape but a crystallization of a broader terri-
torial logic

The "Map 1120 Valley 1500000 Green Infra-
structure” on page 30 opposite highlights this
contradiction. The green areas overlap with the
Natura 2000 layer, which indicates regions reg-
istered for biodiversity. It is important to note that
the areas covered by the Natura 2000 layer and
the geoportal layers related to natural reserves
and vegetation are smaller compared to the
overall green areas. The River Pois stilllegible as
aribbon of green, but its continuity is fractured by
agriculture and infrastructure.

The "Map 113Po Valey 1500000 Birds move-
ment” on page 32 contains a layer of the birds
movement. Each year, millions of birds migrate
along atmospheric corridors that parallel the
general orientation of the Po River corridor. These
routes connect Northern Europe to the Mediter-
ranean and further to Africa. The valley operates
as a continuous passage between two domains:
the terrestrial system of soll and water, and the
aerial system of circulation and flight.

Within this system, Caorso functions as a fixed
reference point - a vertical structure in a land-
scape.

The "Map 113Po Valey 1500000 Birds move-
ment” on page 32 records these movements of
birds as an ecological infrastructure. Re-imagin-
ing through environmental design, this airspace
becomes a shared territory in which species,
structures, and atmospheric processes interact.
As the ground is increasingly fragmented by hu-
man production, the aerial layer remains the last
continuous landscape.

For many species, the distance between safe
habitats is already at the threshold of what they
can cross. Birds arrive exhausted and need to
find food and shelter before attempting the Al-
pine arc. Without sufficient stopovers, the valley
becomes less a corridor and more a barrier.

In this context, sites like Caorso become crucial.
It lies directly along the migratory axis. If re-imag-
ined as ecological refuges, they can help stitch
together the grid, transforming the Po Valley from
a fragmented bottleneck into a living bridge for
bird migration.
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Po Valley 1500000 Infrastructure Map

This map shows the central Po Val-
ley as a dense network of infrastruc-
tures, settlements, and agricultural  land.
Three major structural conditions are immediate-
ly visble:

1. High-intensity urban clusters

In the north, the large orange mass represents
Milan and its metropalitan settlements, forming
a dense and highly connected urban system.

Other orange clusters mark medium-sized cit-
les such as Brescia, Bergamo, Cremona, Parma,
Reggio Emilia,and Modena.

These areas show concentrated development
and strong infrastructural anchoring.

Map produced in QGIS using regional Geoportale
and landcopernicuseu datasets. Data are official
visual representation and color classification were
developed by the author.
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Po Valley 1500000 Green Infrastructure

In the (mapt12)Are geoportal's layers that iden-
tifies the main land morphologies - River, Natural
Reserves, and Vegetation - which is defining the
physical structure of the Po Valley.
Natura 2000 layer reveals areas officially recog-
nized for their biodiversity and ecological value.
The overlap between these datasets is essential:
itallows identifying zones where natural morphol-
ogy already supports or could regenerate eco-
logical functions, aligning with existing conserva-
tion priorities.

Why Natura 2000 is Important.
Natura 2000 is the European ecological network
established under the Birds Directive (1979) and
Habitats Directive (1992).

It protects areas that host species and ecosys-
tems of community importance - many of them
threatened, rare, or endemic.

Meap produced in QGIS using regional Geoportale
and Natura 2000 datasets. Data are official visual
representation and color classification were de-
veloped by the author.
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Po Valley 1500000 Green Infrastructure

This map represents an interpretative visual-
ization of bird movement across the Po Valley,
based on GBIF occurrence data.

Each line connects georeferenced observation
points of the same species recorded by different
observers across Italy.

While the dataset does not track individual birds,
the connections between occurrences of iden-
tical species across distant locations allow a
speculative reconstruction of potential migration
trajectories.

These reconstructed lines visualize the spatial
continuity of species presence rather than con-
firned flight paths - suggesting how migratory
birds may use the Po Valley as a transitional cor-
ridor.
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GBIForg (26 February 2025) GBIF Occurrence Download https//
doiorg/1015468/d13atsy3

Meap produced in QGIS using GBIF species oc-
currence data. The dataset represents observa-
tion points, not tracked individuals; the connecting
lines are interpretative reconstructions by the au-
thor to visualize potential migratory continuity.
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22 AvianNetworks of the Placenza-Cremona Corridor



This paired mapping sequence investigates the
ecological and infrastructural entanglements of
the territory between Piacenza and Cremona,
a corridor where the Po River, its floodplain, and
the remnants of industrial infrastructure intersect.
Through two complementary operations—one
analytical, one empirical—the drawings reveal
how birds inhabit, interpret, and reconfigure this
engineered landscape.

The first map operates as a model of potential
movement. Using least-cost path analysis, it sim-
ulates the routes of minimal resistance through
a surface built from land-use, hydrological, and
infrastructural data. The resulting network of blue
ines delineates the probable corridors through
which avian species can traverse the fragmented
plain. It renders visible the latent geometry of per-
meability within a territory historically defined by
control—irrigation grids, power lines, and trans-
port systems. The analysis translates the logic
of infrastructure into an ecological reading: a field
of possible passages negotiated by non-human
mobility.

The second map transforms empirical observa-
tion into spatial intensity. Based on GBIF bird-oc-
currence data, the grid of blue squares rep-
resents the density of recorded presence, where

darker tones mark zones of higher frequency.
Beneath this layer, a three-level altitude model
differentiates vertical habitats—high (forest can-
opies, built forms), middle (wetlands, shrublands),
and low (open fields, river surface). The superpo-
sition of density and elevation converts the map
froma planar recordinto a volumetric field of flight,
describing how the structure of the ground con-
ditions aerial occupation.

Together, the two maps articulate a dialogue
between simulation and observation, between
algorithmic potential and ecological fact. They
recast the Piacenza—Cremona corridor not as
an infrastructural void but as a thickened aerial
landscape—a hybrid environment where the
residues of industry, the logics of migration, and
the morphologies of the river converge to form a
new, dynamic ecology of movement.
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AvenNMovement — Pacenza-Cremorna Comaor

GBIForg (26 February 2025) GBIF Occurrence Download https//
doiorg/1015468/d13atsy3

The resulting network of blue lines indlicates the
most probable avian movement corridors, con-
necting wetlands, forests, and agricultural edges.
The base map Integrates existing infrastructure
and ecological layers to contextualize these simu-
lated paths within the current territorial framework.

Map 114 Avian MovemenT PMCENZA—CREMONA CorRIDCR
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Avian Density and Vertical Habitat
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23Caorso ecology andbarriers



Analyzes the dual ecological condition of the
Caorso landscape:

The areas that function as barriers to bird move-
ment and presence, and the spaces that hold
potential to evolve into viable habitats.

Together, they form the groundwork for identi-
fying how the post-industrial site can transition
toward a continuous bird corridor.

The ‘Map 116Vegetation & Ecological Framework” on page
46 identifies the main vegetation typologies
and their spatial relationships with the industrial
site, river system, and agricultural matrix of the Po
Valley.

The green zones correspond to existing forested
and riparian vegetation, primarily following the Po
River banks and secondary canals. These areas
consist of mixed deciduous and riparian species,
such as Populus alba, Salix alba, and Alnus gluti-
nosa, which form narrow corridors of ecological
continuity within fragmented agricultural land-
scape.

South of the river, near the power plant, the terrain

transitions through natural soil patches, special
vegetation formations, and remnant wetlands.
These environments stil support of early-suc-
cessional habitats important for small mammals,
amphibians, and resident bird species.

The surrounding is dominated by intensive agri-
culture, offering low ecological permeability and
high disturbance.

The sections (‘Drawing 111SECTION H' on page 47,
‘Drawing 112SECTION IHI" on page 47, ‘Drawing 113SEC-
TION lIHI" on page 47) reveal the spatial and eco-
logical gradient extending from the industrial site
of the former power plant toward the river corri-
dor. They highlight the contrast between artificial
land and naturally vegetated areas - from com-
pact, transformed ground within the plant bound-
ary to Bosco and wetland systems closer to the
Po floodplain.

This profile clarifies the site's existing hydrological
hierarchy, vegetation layers, and ecological tran-
sitions, providing the analytical basis for future
habitat restoration and rewinding strategies.
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Map elaborated by the author in QGIS to define
the existing and potential ecological structure of
the Caorso site. It visualizes vegetation typologies,
Natura 2000 areas, and hydrological connections
shaping the Po River corridor. This framework es-
tablishes the base for habitat zoning and section
analysis.
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Flood Dynamics This map examines the
Caorso site within the broader Po River flood-
plain, ilustrating flood scenarios. The colored
areas indicate varying levels of flood, from
high-exposure zones along the river to tran-
sitional areas extending toward agricultur-
al land and the former power plant platform.
The elevated platform appears as a protect-
ed enclave within this fluctuating hydraulic
system. Originally engineered for flood resis-
tance, it disrupts natural retention patterns
and accelerates runoff. The contrast between
engineered dryness and periodically  inun-
dated floodplain conditions becomes visible.

Flooding is represented not as a threat to elim-
inate, but as an active environmental process
shaping sall, vegetation, and ecological relations.
Wetlands, fields, and infrastructural traces are un-
derstood as interconnected components within
a dynamic alluvial system. The map establishes
a foundation for strategies based on slowing,
retaining, and redistributing water rather than op-
posing it.
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This map visualizes patterns of informal move-
ment and sport activities around the Caorso site,
based on aggregated Strava heatmap data. The
highlighted lines indicate intensity of use, revealing
routesfrequentlyoccupiedbycyclistsandrunners.
The diagram captures actual behavioral traces.
The data shows that movement concentrates
along existing roads and river-adjacent paths,
while the former power plant platform remains
largely bypassed. The site operates as a gap
within an otherwise active territorial network.
The intensity gradient lllustrates degrees of en-
gagement: stronger lines mark primary routes
connecting settlements and regional corridors,

while lighter traces indicate secondary or oc-
casional paths. The absence of activity inside
the restricted area reinforces the condition of
exclusion embedded in the platform's design.
This map does not position sport as a program-
matic objective. Instead, it reveals latent connec-
tions and existing patterns of use that may inform
future spatial permeability. Movement is under-
stood as one process among others, operating
within the territorial system rather than defining it.
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9 130000 Barrie I Non-Quite zones'

54 visualizes the non-habitable zones - spac-
es of high disturbance, noise, and human activity
that act as barriers to bird movement.

The hatched areas correspond to:

Industrial surfaces of the former power
plant,

Dense settlements and infrastructure
Intensively cultivated fields with low vegeta-
tion cover.

These zones fragment the territory and limit
ecological continuity, forming a dense network of
visual, acoustic, and spatial obstacles that most

bird species tend to avoid.

Only narrow, unhatched interstices remain
relatively permeable indicating the few potential
quiet zones where natural conditions still persist.
The map therefore defines the negative ecologi-
calimage of Caorso.

‘Map 1110130000 Potential bird habitat” on page 55
identifies the habitat types currently used by
birds within and around the Caorso site The
ecological remnants where birds can live, rest,
feed,and breed.

Three primary habitat categories are represent-
ed:



Forest (Bosco) - densely vegetated areas
that provide nesting and shelter.
Specialized Natural Soil - zones with distinct
plant communities shaped by hydrology or
sol composition, supporting waders and
ground-nesting birds.
Natural Soil - open, semi-vegetated terrain
suitable for foraging and movement be-
tween habitats.
Electrical Pylons, which serve as perch-
ing and observation points. Despite their
artificial origin, they have become part of the
birds
In conclusion spatial system, forming a linear
sequence of elevated resting structures across

open fields and river margins trying to show a
thin ecological framework: not yet a stable hab-
itat, but a latent ecological structure - amosaic
of conditions that could be reactivated through
targeted restoration.

It visualizes where the existing physical typolo-
gies already host elements of life and where the
potential for regeneration is highest.

This overlap reveals how different soll and vege-
tation typologies intersect, defining potential but
incomplete habitats.
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24 Ecological Resistance and Connectivity Mapping



This sequence compares two ecological sce-
narios to explore how the Caorso landscape
could shift from resistance to permeability. Using
QGIS, a multi-layer raster model was created to
represent the cost of bird movement across the
Po Valley. Each pixel expresses a gradient of suit-
ability — from dark red, indicating artificial and
disturbed areas with high energetic cost, to light
zones representing low-resistance habitats such
as wetlands, forests, and natural terrain. In the first
scenario, the industrial site of the Caorso Nuclear
Power Plant retains its current values as an ob-
stacle within the landscape. In the second, the
same area is re-classified as a potential habitat:
caorso site is given lower cost values to simulate
their ecological reprogramming. The new model
demonstrates a redistribution of corridors: areas

once fragmented by industrial activity now reveal
a network of accessible routes. This transforma-
tionis clearly depictedin map 116 (Simulated Bird
Movement Corridors with New Condition), which
shows how formerly disconnected regions are
now linked by new pathways, enabling birds to
traverse the landscape more freely.

Together, these maps visualize both constraint
and possibility. They do not trace exact routes of
individual species but interpret the potential of ter-
rain to host moverment. Through the comparison
between current and revalued conditions, Caor-
solisreframe froma place of exclusioninto a con-
nective field — an infrastructural void capable of
becoming habitat, corridor, and signal within the
geography of migration.
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] 20rsot30000 Bird La pe Permea
on page 60 visualizes the cost ras
model developed for the Po Valey and Caorso,
where each land cover type has been assigned
a numerical value (1-100) corresponding to its
resistance or attractiveness for bird movement.
Light tones (low values 1-5) represent habitats
with high ecological value, such as wetlands, the
Po River, forests, and designated regeneration
areas.

Mic-tones ~ (10-40)  represent  modified
landscapes such as agriculture or arti-
ficial surfaces, which have limited eco-
logical function and higher disturbance.
Dark tones (60-100) represent infrastructures
and urbanized areas, such as roads, barriers, and
buildings.

The map shows the current cost raster classifi-
cation of the Caorso exclusion zone, where the
nuclear plant and its infrastructures are treated
as high-resistance surfaces. In this configuration,
the site functions as a barrier within the ecolog-
ical network, interrupting connectivity between

the Po River corridor and surrounding habitats. It
remains ecologically barrier blocking movement
for birds.

The Map 117 Flood Dy n page 49 shows the
future value for the Caorso exclusion zone, where
the nuclear plant and its infrastructures are treat-
ed as low-resistance surfaces. In this configura-
tion, the site is not functioning as a barrier within
the ecological network.

The cost raster analysis reveals a fragmented
ecological matrix where high-resistance infra-
structures interrupt connectivity along the Po
River corridor. Caorso, in particular, emerges as
both a barrier and an opportunity: today it blocks
bird movement, but its position at the center of
the migratory axis gives it unique potential. If re-
programmed from exclusion zone to habitat, the
site could transform from an ecological void into
a critical stepping stone, reconnecting wetlands,
forests, and agricultural mosaics into a functional

network for migratory species.
“Picture 1.1.35. Google sattelline of Caorso power

plant station” on page 102 shows the cumula-

Land Cover / Feature Value Interpretation
Wetlands 1 Optimal habitat, stopover/refueling zone
Po River 1 Major corridor / attractor
Caorso Bulding (reprogrammed) 1 Site as future ecological core
Bosco (forest) 2 High habitat value, nesting/cover
Caorso Land (planned regeneration) 2 Designed asnew habitat patches

Special Vegetation (formazione vegetale particolare) 3 Semi-natural, transitional habitat
Natural Terrain (formanaturale del terreno) 5 Medium habitat quality, transitional matrix
Agriculture 10 Low habitat value, high disturbance
Artificial Surfaces 40 Very highresistance, low ecclogical function
Road Barriers 60 Strong barrier effect, fragmentation
Roads 85 Severe barrier, high mortality risk
Buldings (general, urban fabric) 100 Maximum resistance, no habitat value

Ficunt TTTTABLE OF THE LAND FEATURES VALUL CXISTING SITUATION

The tables defines resistance grades for each land cover category, developed by
the author tomodel bird movement through the landscape. Values were elaborated
in QGIS based on ecological interpretation



LLand Cover / Feature Value Interpretation
Wetlands 1 Optimal habitat, stopover/refueling zone
Po River 1 Meajor corridor / attractor
Caorso Bulding (reprogrammed) 1 Site as future ecological core
Bosco (forest) 2 High habitat value, nesting/cover
Special Vegetation (formazione vegetale particolare) 3 Semi-natural, transitional habitat
Natural Terrain (forma naturale del terreno) 5 Medium habitat quality, transitional matrix
Agriculture 10 Low habitat value, high disturbance
Caorso Land (planned regeneration) 40 Same value as artificial
Artificial Surfaces 40 Very high resistance, low ecological function
Road Barriers 60 Strong barrier effect, fragmentation
Roads 85 Severe barrier, high mortality risk
Buldings (general, urban febric) 100 Maximum resistance, no habitat value

Fiaure 112 TABLE OF THE LAND FEATURES VALUE AND PCTENTIAL UPDATE

tive cost analysis of bird movement across the
Caorso territory under current conditions. Each
blue trajectory represents a least-cost path,
calculated by combining land cover resistance
values with the regional ecological context.
In this configuration, the Caorso exclusion zone
and its infrastructures act as high-resistance sur-
faces, forcing migratory flows to curve around the
site. The result is a fragmented corridor, where
birds expend more energy to bypass barriers,
increasing the ecological distance between
wetlands, forests, and agricultural mosaics.
Theanalysis highlights the ecological inertia of the
exclusion zone: rather than functioning as a step-
ping stone, Caorso interrupts the continuity of the
Po Valley flyway, weakening the resiience of the
corridor asawhole.

o

ment Cc on page is speculative mod-
el reduces the resistance value of the Caorso
exclusion zone, simulating its transformation
from barrier to habitat. Under this scenario,
cumulative cost analysis produces new least-

cost paths: a direct line now crosses the site,

inking the Po River with surrounding habitat.
By reprogramming the site as low resistance
Caorso could shift from ecological void to
critical node within the migratory network. In-
stead of deflecting movement, it becomes an
active bridge between fragmented habitats.
The comparison reveals the potential of adaptive
reuse, even heavily industrialized landscapes can
be reinserted into migratory corridors. Caorso
exemplifies how abandoned infrastructures may
evolve from obstacles to indispensable stepping
stones for biodiversity.

The tables defines resistance grades for each land cover category, developed by
the author to model bird movement through the landscape. Values were elaborat-
edin QGIS based on ecological interpretation
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‘Meap 1111Caorsot30000 Bird Landscape Permeability Map'
on page 60developed by the author in QGIS us-
Ing a cost raster model based on assigned resis-
tance values (1-100) from ‘Figure 111Table of the lana
features’ value existing situation” on page 58 for each
land-cover type. The current condition shows
high-resistance zones
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Speculative map generated by reclassifying the same
cost raster in QGIS, reducing resistance values for re-
programmed areas within the Caorso exclusion zone.
The simulation visualizes a future scenario where the
former industrial site functions as a permeable land-
scape and reconnects with the Fo River corridor.
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‘Picture 1135 Google satteline of Caorso power plant station”
on page 102 generated in QGIS using cumulative
cost analysis based on the assigned resistance-
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“Map 1.1.14.Caorso1:30000 Simulated Bird’s Potential
\Mg/ement Corridors” on page 63Speculative sim-
ulatiorrereated by reducing the resistance of the Caorso

lusion zone within the same cost raster model New least-
coshaths appear crossing the site, visualizing how repro-
grammed low-resistance areas could reconnect the Po River
sQrridor and surrouncing habitats, transforming Caorso into a
functional ecological link
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