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Abstract

This paper presents an integrated, interdisciplinary methodology for vertiport localization in dense urban envi-
ronments and applies it to real-world case studies in the metropolitan city of Milan, Italy. The research combines
architectural, urban design, and aerospace engineering perspectives to jointly address intermodality and microscale
urban wind condition challenges in Urban Air Mobility (UAM) infrastructure planning—two critical yet often sep-
arately treated factors in the current vertiport development research. Potential vertiport sites are first identified
through an analysis of intermodal hubs within the existing and planned metropolitan mobility network, consider-
ing transport connectivity, urban morphology, and urban development strategies. Then, the local wind dynamics
for the selected sites are assessed using high-resolution microscale wind simulations. By cross-comparing inter-
modal performance and urban wind dynamics, the study identifies site-specific opportunities and constraints for
vertiport emplacement. The results demonstrate the feasibility of integrating UAM into complex urban contexts
while highlighting potential conflicts between urban form, mobility infrastructure, and wind conditions. Overall,
the proposed approach provides a robust framework for efficient localization of vertiports to support informed
decision-making for socially acceptable/affordable realization of UAM.

1 Introduction

Urban Air Mobility (UAM) is an innovative mobility system concept that envisions safe, sustainable, and efficient
passenger and cargo transportation in and around cities [, 2]. Unlike conventional aviation, UAM operations
are intended to be conducted at low altitudes, with take-off and landing performed at vertiports located on or
near buildings. This operational paradigm introduces several interdisciplinary challenges that currently hinder
the realization of UAM [3, 4, 5]. Among these hurdles, the localization of vertiports within urban environments
emerges as a critical issue, as it will directly affect UAM operational feasibility, reliability, sustainability, safety,
and societal acceptance [6].

Many studies establish vertiport localization strategies by prioritizing UAM network optimization frameworks
and demand analysis [7]. While these approaches provide valuable inputs for forecasting UAM networks, they
largely overlook the fact that UAM represents a new typology of urban mobility. Consequently, UAM implemen-
tation should also be evaluated in relation to the existing urban mobility layer, the spatial configuration of cities,
and their future development plans. This perspective merges with regulatory and UAM conceptual frameworks,
where intermodality is identified as a fundamental requirement for integrating UAM into existing urban transport
systems to align with broader mobility policies, enhance efficiency, reduce costs, and promote societal acceptance
[8]. Vertiport placement should therefore be guided by a careful analysis of urban mobility patterns and strategic
transport planning to identify potential intermodal hubs capable of supporting UAM operations. In addition, ver-
tiports should be designed to integrate seamlessly with these hubs, ensuring continuity and functional alignment
within the broader mobility network.

Beyond urban integration, the local urban environment also has a profound impact on UAM operations through
its influence on wind behavior. The complex morphology of cities—tall buildings, narrow streets, and irregular



layouts—generates highly localized and multilayered turbulent wind conditions at low altitudes. These microscale
wind dynamics will affect take-off, landing, and flight stability near vertiports, posing operational and safety
challenges [9]. Thus, local wind conditions must be carefully considered when selecting vertiport locations, as
they influence the placement, orientation, and structural layout of Final Approach and Take-Off (FATO) zones and
Touchdown and Lift-Off (TLOF) areas.

Despite the critical roles of both intermodality and local wind effects, no studies to date address these factors
simultaneously in vertiport localization. Addressing this gap requires expertise from architecture, urban planning,
and aerospace engineering. Infrastructure design should not only meet minimum engineering standards but also
account for its potential to produce complex and unpredictable urban effects that exceed those standards and affect
the urban form and the city’s development [10]. Moreover, UAM demands a three-dimensional spatial config-
uration understanding of the urban environment, one that encompasses the current urban spatial configuration,
existing urban mobility networks and local meteorological conditions [11]. Hence, interdisciplinary approaches
are essential to develop integrated solutions to test, evaluate, and implement UAM infrastructures or vertiports
effectively.

Building on the need for an integrated, interdisciplinary approach, this paper presents a methodology for
vertiport localization that combines the perspectives from two different fields—Architecture-Urban Design and
Aerospace Engineering stemming from different PhD research areas—through real-case scenarios in the metropoli-
tan area of Milan, Italy. Specifically, three locations are selected according to their intermodal connectivity and
urban configuration. Then, microscale wind conditions are simulated for these chosen sites, and each location is
evaluated from a dual perspective—intermodality and urban wind dynamics—to assess the feasibility of establishing
a vertiport.

2 Methodology

The overall methodology involves the process of selecting intermodal hubs within the metropolitan area of Milan,
Italy, alongside microscale wind simulation and assessment for the identified sites (see Figure 1). The location
selection process relies on the analysis of six key aspects:

1. Existing public transportation system with the help of the regulatory planning frameworks [12, 13, 14],
Settlement typology and intermodal hubs configuration [12, 13, 14, 15, 16],
Mobility flows and patterns [12, 13, 14, 16]
Foreseen development of the mobility system considering the trends of evolution established in [12, 14],
Proposed urban development projects for the metropolitan area of Milan [15], and,
Morphology of the urban form in relation to the mobility system.
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Figure 1: High-level workflow of the methodology.

These criteria lead to the identification of three intermodal hubs—namely, the rail-metro exchange at the Rho
Fiera Milano and Milano Rogoredo station, and the air—metro exchange at Linate Airport (see Figure 2)—for



testing the vertiport emplacement. Subsequently, the historical wind data for the determined intermodal sites are
analyzed to derive the dominant wind speed and wind direction probability distributions. The resulting distributions
quantify the likelihood of different inflow wind conditions for the sites and are used to stochastically sample
multiple boundary conditions for the wind simulations within the Monte-Carlo framework [17, 18]. The microscale
wind simulations are performed using a Stochastic Wind Model (SWM) that is developed by the authors in [19].
SWM is a custom urban wind simulator that generates high resolution, quasi-non-stationary wind fields suitable
for UAM applications. Then, the outcomes of the wind simulation and intermodal hub identification are assessed
in parallel to determine Vertiport emplacement feasibility and development in the chosen sites.

3 The role of intermodality in vertiport localization

The selection of suitable locations for vertiport emplacement is a key issue in the development of UAM. Verti-
port location directly influences service usability and implicitly reflects the strategic vision underlying the network
design. This choice has direct implications for the social impact of UAM within urban contexts. In fact, ac-
cording to [6], poor integration of UAM into the existing transportation system is a significant concern, affecting
the public acceptance of the service. As reported in [8], the UAM service should complement existing mobility
options rather than compete with them; therefore, it should be integrated accordingly. The EU Commission has
promoted policies for the sustainable development of mobility that aim to advance an integrated mobility system,
fostering multimodality in passenger trips and the coexistence of multiple modes of transportation. In fact, in the
last decades, urban mobility has expanded with the emergence of several new modes of transportation, such as
on-demand and shared mobility; these new systems must coexist in urban areas without generating additional con-
gestion [20]. Here lies the need for efficient planning and programming of mobility within cities, upon which the
EU’s Sustainable Urban Mobility Plans have been built. All these mobility options can bring significant benefits
when adopted in a multimodal, complementary approach. From this framework, it emerges the need for a careful
integration of all the different mobility flows at stake across mobility operators, which has led, among other things,
to the promotion of Mobility-as-a-Service (MaaS) policies aiming to create a single digital application that inte-
grates mobility options from various mobility operators. These policies are tied to the central EU goal of ensuring
a resilient and sustainable transportation system [2 1], reducing disparities and enhancing connectivity. It’s in this
framework that UAM operates. Even though UAM is an air transportation system, it needs supporting infrastruc-
tures on the ground to operate [8]. UAM must support the European Transport Policy, which aims for sustainable
and efficient mobility. This goal can be reached using an integrated multimodal transport network [8]. Therefore,
in line with the EU SESAR project ConOps [8], intermodality plays a key role in UAM integration, with particular
attention to the intersection points of different mobility flows. Intermodal hubs, in fact, are easily accessible from
other locations and offer a range of mobility options. Their development follows the pathway for integrated and
efficient mobility systems. Their positioning in the mobility network enables exchanges among different mobil-
ity options, favoring their complementarity rather than competition. Even though they can provide a continuous
stream of demand, the related UAM integration should be carefully planned to prevent further congestion on the
hub [8]. For this reason, the selection of suitable locations for vertiports could be carefully informed by the poli-
cies, tools, and urban composition of the selected city, to identify intermodal hubs serving different flows, aligned
with the evolution of the mobility system and urban development. These factors have been placed at the base of
the process that lead to the selection of the three intermodal hubs.

4 Location selection process within the milanese context

The vertiport locations are the result of an overlay of different factors based on the existing mobility system in
the metropolitan area of Milan. The metropolitan area of Milan is part of the Lombardy region in northern Italy
and is one of Italy’s major metropolitan cities. Its administrative boundary is constituted by the Metropolitan
City of Milan (referred to as MCM), bordered by the other Italian provinces of Como, Cremona, Varese, Brescia,
Monza, Pavia, Lodi (Lombardy region), and Novara (Piedmont region). To identify suitable locations for testing
UAM integration in the selected area, six key aspects have been considered. These aspects have informed the
localization selection process outlining the actual and planned mobility system, making it possible to highlight
related intermodal hubs.



4.1 Existing public transportation system through the regulatory planning frameworks

The regulatory planning frameworks [14], [13], [12] delineate a mobility scenario that is highly interconnected.
Milan is located at the intersection of two TEN-T corridors, namely a system of transportation networks (railways,
roads, airports, and water) identified by the EU as the main “corridors” to connect all of Europe seamlessly.
In this case, Milan is at the crossroads of the Rhine-Alpine Corridor, connecting Amsterdam to Genova, and the
Mediterranean Corridor, connecting Portugal with Hungary, passing through Spain and the French coast; therefore,
the city is strategically located. MCM, as well as the Lombardy region, is served by a dense, multimodal public
transport system comprising rail and bus services. The road network in and surrounding MCM is highly capillary
and composed of several street typologies: highways, national roads, local streets and municipal streets, run by
different stakeholders. Milan is surrounded by the Milan Ring Road system of highways, which grants access to
the city and connects the area with the rest of the region. The bus lines are evenly distributed across the city of
Milan and the other municipalities within MCM. Milan is served by a High-Speed Railway (HSR) line connecting
the city with Turin, Bologna, and the rest of Italy. The HSR is also being implemented along the Milan-Venice axis
(via Verona). A dense railway network connects Milan with the different municipalities and enters the town via
the Milan Suburban Railway (Passante Ferroviario), supported by several tram lines. Milan is served by five metro
lines that extend beyond the municipal boundary into nearby municipalities. Milan, as well as the rest of Lombardy,
is connected by air through three airports: Forlanini Airport (also known as Linate Airport), Malpensa Airport, and
Bergamo Orio al Serio Airport. In addition to this mobility system, various sharing options (bikes, cars, and
scooters) are also provided within the Milanese municipal boundary. A critical analysis of the as-is situation
reveals that Milan is at the core of a dense mobility network serving the city and its immediate surroundings. The
modal split in the region offers different mobility options and is capillary-diffused.

4.2 Settlement typology and intermodal hubs configuration

MCM is located at the crossing point of an urban conurbation (in the North) and a more agricultural setting (in the
South), safeguarded through preservation measures. According to [14], the Milanese area constitutes one of the
significant urban poles of Lombardy. It lies at the center of a densely populated region, where the settlements are
concentrated mainly in the North-West and extend towards municipalities located in the Lombard foothill belt. As
reported by [16], [14] and [13], in fact, MCM is in the midst of a densification process, with settlements forming a
growing urban conurbation that includes the municipalities of the Lombard foothill belt, the municipalities situated
along the railway line linking Varese to Milano and their surroundings, and the provinces of Bergamo and Brescia.
In this scenario, the intermodal hubs in Milan become increasingly important in managing mobility flows. These
ones, according to [15], are located in correspondence with metro stops. Moreover, according to [12], several
intermodal exchanges are located outside Milan’s administrative boundary, due to the greater conurbation in which
the city is inscribed. From this context, it emerges that the Milan region is at the center of a densely populated area,
with an evolving settlement typology that is densifying along the pre-alpine axis within a greater urban conurbation
extending beyond the administrative boundaries of MCM.

4.3 Mobility flows and patterns

In the greater MCM conurbation, the mobility flows are high and frequent. Most mobility demand is directed
towards Milan, one of the region’s main attractors [14]. It originates from both municipalities in the MCM and
along the Sempione Axis. However, there are also mobility flows from the provinces of Varese, Bergamo, and
Brescia. About 80% of mobility demand in Milan is accounted for by mobility flows within MCM municipalities,
including Milan [13]. Overall, most mobility flows consist of commuting, and the most congested time slot is from
7.00 to 9.00 a.m., but in the last few years, non-commuting and occasional travel demand mobility has also been
increasing [ 1 6]. Almost half of the daily population in Milan is composed of city users, so the city’s access and exit
points are particularly important. The most congested highways are those connecting Milan with the North-West
and Eastern areas. The central metro stops are the most congested during the day [13, 12]. According to [22],
the stations with the highest number of passengers, more than 45.000 passengers/day, are Milano Centrale and
Milano Porta Garibaldi. However, there are other relevant stations with a high frequency, such as Milan Rogoredo,
Milan Suburban Porta Garibaldi, Milan Lambrate, with 20.000 to 45.000 people/day, or Rho Fiera, Milano Greco
Pirelli, Sesto San Giovanni, Milano Repubblica, Milano P.ta Venezia, Milano P.ta Genova, Sesto San Giovanni,
Rho, Pioltello Limito, with 10.000 and 20.000 people per day. What emerges is that Milan constitutes the major
attractor core of the mobility system in the Lombardy region. Its mobility pattern influences mainly the nearby



municipalities, both part and non-part of MCM. In this scenario, the primary mobility demand is displayed along
the north-west axis and the eastern part of the city.

4.4 Foreseen development of the mobility system considering the trends of evolution es-
tablished in [12, 14]

Mobility demand and patterns are evolving. Therefore, all the regulatory planning tools reported consider both
the existing mobility system and project future mobility evolutions to support regulatory decisions. [14] reports
the possible expansion of future urban poles, with the configuration of new poles such as Brescia, Bergamo,
and Pavia, which may affect the overall demand pattern. [12] envisions the evolution of the mobility system
by strengthening public transportation along the axes connecting the nearby MCM municipalities to Milan. The
North-West area, between the city boundary of Milan, covers a high-priority intervention in this regard. From
this analysis, it emerges that mobility demand and patterns are steady within MCM, and they are expanding and
increasing. Particular attention is given to strengthening public transportation systems.

4.5 Proposed urban development projects for the metropolitan area of Milan

The Municipality of Milan, is reporting future urban evolutions in the planning tools [15] to inform regulatory
decisions. According to this document, several urban developments are ongoing that regard both the outer areas
of the city of Milan as well as other MCM municipalities. The proposed development projects regard mainly
infrastructural works, such as the reconfiguration of the Bettola node near Monza linked to the proposed extension
of the Milanese metro line to Monza, the reconfiguration of the Segrate Railway station to be upgraded with HSR,
and the consequent extension of the metro line, in the framework of the Milan East Gate Hub [23]. Further urban
redevelopment processes interest Milan as well as MCM, such as the requalification of the former Expo Area
close to Rho Fiera Milano railway and metro station. What emerges from this scenario is a consistent number of
redevelopment projects going on, both in the areas inside and stralling the Milan Ring Road and outside Milan
city.

4.6 Morphology of the urban form in relation to the mobility system

From the analysis carried out, it emerged that the mobility system is capillary and distributed in the selected
area. Moreover, urban reconfiguration processes mainly cover the areas outside Milan city center, dealing with
an expanding city. Therefore, the Milan Ring Road system constitutes a way of access that also represents an
evolution of a possible boundary to the city of Milan, putting in relationship the core of the city with the outer
evolving areas and the rest of MCM. In this context, peculiar relevance assumes the intermodal hubs located at the
intersection or close to the Milan Ring Road that can enhance the mobility options available to enter in the city of
Milan.

4.7 Selection of the intermodal locations

By merging these six key aspects, it is possible to highlight some focal issues. Milan is at the core of a dense
mobility network serving the city and its immediate surroundings, reflecting the high population density present.
The settlement typology is densifying along the pre-alpine axis within a greater urban conurbation extending
beyond the administrative boundaries of MCM. New urban development processes are at stake, especially in the
area stralling the Milan Ring Road. In this context, intermodal hubs play a pivotal role in the access and regulation
of mobility demand, providing more options. Several intermodal hubs are located alongside the Milan Ring Road
and display relevant modal splits. However, two intermodal metro-rail exchanges cover peculiar relevance due to
the closeness to the Ring Road access and for the mobility connections serving the hub, that intersect international,
national, regional, and local flows, catching flow demand from the North, North-West, and South-East area: Rho
Fiera Milano and Rogoredo. Rho Fiera Milano is inserted in the dense mobility network demands linking the
North-West area of Milan. Milano Rogoredo is one of the major hubs of the city and can be equipped to sustain
even further mobility demand coming from the envisioned new southern urban pole in Pavia. Considering the
evolving demand and the intensification of the relationships with the East side area with respect to Milan, another
intermodal hub plays a pivotal role in displaying mobility flows, Linate Airport, which manages air and metro /
public transportation mobility. Moreover, the role of this hub will be increased by the foreseen construction of a
new HSR station replacing the one in Segrate [23], enriching the hub modal split. These three locations (see Figure
2) represent possible suitable localizations for vertiport emplacement in relation to the existing mobility system



and future development, as well as to conceive UAM service as a further option and not a competitor of the actual

transport modes.
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Figure 2: Potential vertiport locations in Milan identified via intermodal network analysis.

5 Urban Wind Simulations and Analyses

The microscale wind data for the 3 selected locations in Milan are generated and analyzed using the stochastic
microscale wind model, SWM, within a Monte Carlo framework [24], as illustrated in Figure 3. SWM is a
custom wind model developed by the authors and is based on Reynolds decomposition, where the total wind
velocity is expressed as the sum of steady and unsteady wind components. Accordingly, SWM integrates a highly
parameterized steady-state microscale wind solver, QUIC-URB [25], with a turbulence generator, TurbSim [26].
Although SWM may not achieve the same level of accuracy as computational fluid dynamics (CFD), one of its
key advantages is the ability to generate quasi-non-stationary microscale wind data, U(z, y, 2, t), within seconds
to minutes on a standard laptop. This capability is particularly valuable for vertiport emplacement analyses such
as the present study, as SWM can be embedded within a Monte Carlo framework to provide preliminary insights
into the prevalent wind conditions above a specific urban region. For further details regarding the SWM model,

the reader is referred to [19, 17].

5.1 SWM simulation setup

The first step in the workflow involves obtaining 1D historical dominant wind speed and direction data at a height
of 10 m from the Open Weather API [27] for the period between 1941 and 2025 for the 3 selected locations.
These data are then analyzed to determine the correlated wind speed—direction distribution. Subsequently, the
full probability distribution is used to construct the cumulative distribution function (CDF). The CDF is then
divided into multiple strata to enable stratified Monte Carlo sampling [28] of the inflow wind speed and direction
for the SWM simulations. This sampling approach ensures that even rare wind conditions are represented in
the simulations, thereby providing a more statistically accurate representation of the wind climate compared to
standard random sampling of the historical wind speed—direction distribution.

The SWM Area of Interest (AOI), corresponding to the overall QUIC simulation domain for all 3 locations, is
defined as 1 x 1 km in the X and Y directions, respectively, with a vertical extent of 100 m in the Z direction. The
Region of Interest (ROI) is positioned at the center of the domain, as shown in Figure 4. The spatial resolution of
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Figure 3: Overall microscale wind simulation framework

the simulation grid is set to 2 x 2 x 1 min the X, Y, and Z directions, respectively. The reference height is defined
as 10 m, while the reference wind speed and direction are assigned based on the inflow values obtained from the
historical data stratified sampling. The inflow wind profile is assumed to follow a uniform logarithmic law profile.
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Figure 4: SWM simulation domain or AOI with ROI for the three chosen locations.

Subsequently, the TurbSim simulation setup used to generate the 4D wind field data for the 3 locations is
established by dividing the ROI into multiple 2D YZ planes. For the Rogoredo location, the resulting 4D wind
data have a spatial resolution of 4 x 4 x 1 m and a temporal resolution of 1 s for a total analysis duration of 100 s.
The turbulence intensity (TI) is set to 30%, and the fluctuations are configured to follow the Kaimal spectrum with
a roughness length of 0.4. For the Linate ROI, the TurbSim data resolution remains the same as in the Rogoredo
case; however, the T is reduced to 15% to represent Kaimal spectrum fluctuation with a roughness length of 0.1.
This lower roughness length reflects the relatively open environment of the airport area and the limited number of
surrounding buildings within the ROI [29]. For the Rho ROI, the spatial resolution is increased to 2 x 2 x 1 m,
with a TI of 25% and a roughness length of 0.6 for the Kaimal spectrum fluctuations.

Once the simulation setup is finalized, the SWM simulations are executed for 100 iterations using varying
inflow wind speed and direction values obtained from the stratified sampling procedure. The total computational
time for each location is approximately 27-30 hours for the 100 Monte Carlo iterations when performed on a
standard laptop equipped with 16 GB RAM, an 8-core processor operating at 2.8 GHz.

5.2 Microscale wind simulation results and analysis

Figure 5 presents the steady-state wind velocity magnitude at the 3 locations for a single Monte Carlo iteration,
corresponding to one set of inflow wind speed and direction inputs. The inflow conditions used for this iteration
are 2 m/s at 276° for Rogoredo and Linate, and 3 m/s at 69° for Rho. From the figure, it can be observed that
the wind velocity magnitude range at Rho is higher compared to Rogoredo and Linate, with maximum wind
velocities reaching approximately 4 m/s and 3 m/s, respectively. This variation can be attributed to the differences
in the surrounding topography and urban morphology. Specifically, Rho represents a dense urban environment
characterized by closely spaced buildings, whereas Rogoredo and Linate can be classified as suburban areas with
relatively lower building density and larger open spaces. Additionally, the wind flow patterns within the ROI differ



significantly across the three locations. In the Rogoredo ROI, the wind flow experiences minimal interference
from surrounding buildings, resulting in comparatively smoother flow patterns. In contrast, the Linate ROI lies
within the wake and side-wall accelerated flow region of a nearby structure. The Rho ROI, on the other hand, is
surrounded by multiple buildings that produce complex localized flow structures. These observations reinforce the
fact that wind conditions can vary significantly even between nearby locations within an urban environment due
to the urban morphology. They also demonstrate how variations in inflow wind speed and direction can alter the
resulting flow field and localized wind patterns in and around ROIs or vertiports. This highlights the importance of
understanding wind conditions under multiple inflow scenarios when strategically determining vertiport placement
within urban regions.
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Figure 5: Steady state wind velocity magnitude at Z = 10 m for all 3 locations for 1 Monte Carlo iteration.

The identification of dominant wind directions and wind speed levels was performed for the 3 selected locations
to determine suitable orientations for ideal FATO zones and to assess the types of aircraft that could potentially
operate at these sites. For this purpose, wind speeds were classified into three categories: low (0-2 m/s), moderate
(2-5 m/s), and extreme wind levels (>5 m/s), as shown in Figure 6. It can be observed that, for all 3 locations,
the predominant wind speed levels fall within the moderate wind category, although the dominant wind directions
vary among the sites. For the Rogoredo region, the prevailing wind directions are between 240-300° and 25-110°,
corresponding to easterly, northeasterly, and westerly winds, while the minimum wind occurrence is from the
south. This suggests that the ideal FATO orientation should be aligned towards the south. Such an orientation
would likely enhance operational availability compared to other directions. Similarly, for the Linate location, the
dominant wind directions are from the north and south, while the minimum wind occurrence is observed from
the east. This indicates that an easterly FATO orientation would be preferable for this location. In the case of
Rho, the predominant wind directions are oriented towards the south, west, and southwest, while the minimum
wind occurrence is observed from the east and southeast, suggesting the ideal FATO orientation for this site. The
wind rose plots also provide insights into the wind speed—direction combinations associated with extreme wind
conditions, thereby indicating directions that should potentially be avoided for FATO placement. However, it is
important to note that wind conditions also vary temporally, and these plots represent only the time-averaged mean
wind speed and direction distribution obtained from the 100 Monte Carlo iterations

While the wind rose plots provide a preliminary understanding of the expected wind speed ranges and directions
at the 3 locations, they do not indicate how steady or unsteady the wind conditions are likely to be. Therefore,
averaged TI heatmaps derived from 100 Monte Carlo iterations were analyzed for the 3 locations at different
heights to identify regions experiencing maximum and minimum turbulence levels. The TI magnitude ranges vary
across the 3 locations based on the input parameters used in the SWM simulations. Rogoredo experiences TI of
up to 34%, Linate up to approximately 15%, and Rho up to approximately 24% at lower altitudes. In the case
of Rogoredo, the TI heatmap clearly reveals a strip-like region where the maximum unsteady wind conditions are
concentrated. For Linate, the highest TI values occur near the corners of the ROI, primarily due to the influence
of nearby structure. In contrast, the Rho ROI exhibits elevated TI across most of the lower altitude region, likely
due to the surrounding buildings that generate complex flow interactions. Overall, these plots help identify spatial
zones and altitude ranges where the TLOF area should ideally be located. For example, in Rogoredo, the TLOF
should be placed within the strip of space where the TI values are minimal. Similarly, for Linate, the TLOF should
preferably be located at the far end of the ROI rather than close to the adjacent structure. In the case of Rho, the
relatively high TT at lower altitudes suggests that the TLOF may need to be positioned on an elevated structure.
Furthermore, these TI plots provide an estimate of the TI ranges present at each location, which can influence



0° 0° -
[ Extreme (>5 m/s) [Cvight (0-2 m/s)

330° 30° | Moderate (2-5 mis) 330° 30° |[C__IModerate (2-5 m/s)
[ Light (0-2 m/s) Extreme (>5 m/s)
10
60° 300° 60°
90° 270° 90°
240° 120° 240° 120°
210° 150° 210° 150°
180° 180°
(a) Milano Rogoredo (b) Milano Linate

o o [ Extreme (>5 m/s)
330 30° [’ Moderate (2-5 m/s)
Light (0-2 m/s)

300° 60°

270°

90°

240° 120°

150°

180°

(c) Milano Rho

Figure 6: Prevalent time-averaged mean wind velocity magnitude and direction distribution for 100 iterations at
the 3 selected locations.

the types of UAM aircraft that can safely operate at these sites. Depending on whether a particular UAM aircraft
can tolerate the corresponding TI levels, it can be determined whether the vertiport at a given location would be
suitable for facilitating a specific UAM aircraft landing/take-off.

6 Discussions and Conclusions

In summary, this paper leverages intermodal hubs that intersect international, national, regional, and local mobility
flows to identify 3 potential vertiport locations in Milan—Rogoredo, Linate, and Rho. Then, the localized mi-
croscale wind flow conditions are simulated for the 3 chosen sites with the help of a stochastic microscale wind
model, SWM, within a Monte Carlo framework. The resultant wind data, along with design strategies derived
from the existing mobility and urban configuration, are compared and assessed to identify the feasibility of the
3 locations for vertiport emplacements within the metropolitan city of Milan. The analysis indicates that all 3
chosen locations are suitable for vertiport development, with no major discrepancies between the simulated wind
conditions and the sites selected from architectural and urban perspectives. However, the study reinforces the fact
that the placement of the FATO and TLOF requires particular attention in relation to wind speed, prevailing wind
direction, and aircraft type for operational availability, feasibility, and societal acceptance.

On the whole, the interdisciplinary approach introduced in this paper demonstrates that vertiport design can-
not be a “one-size-fits-all” solution. By quantifying how specific urban morphologies dictate local wind behav-
ior—such as the dense building clusters at Rho necessitating elevated landing pads to bypass complex low-altitude
wakes, compared to the more open and predictable landscape at Linate—the study provides a technical basis for
site-specific architectural requirements. Mapping TI and dominant wind roses offers the evidence needed to orient
FATOs effectively, ensuring that localized gusts do not unnecessarily restrict the operational window for UAM
services. Ultimately, treating UAM infrastructure as a functional component of the existing metropolitan urban
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Figure 7: Averaged TT heatmap of 100 iterations at different heights (or Z) for the 3 locations.

and transport fabric, rather than an isolated engineering project, promotes seamless integration within cities and
accessibility to diverse user groups, including commuters, travelers, and tourists, for better societal acceptance.

Future research should focus on translating these microscale wind outputs into specific architectural designs
for the selected sites with deeper analysis of zoning regulations and a particular emphasis on optimizing the spatial
orientation and elevation of FATO and TLOF zones. To ensure comprehensive operational safety, aircraft-specific
performance data should also be integrated to identify which vehicle configurations are most resilient to the local-
ized turbulent wind profiles of the Milanese urban fabric. Furthermore, refining the simulation framework through
a systematic uncertainty analysis will be essential to quantify the sensitivity of the results and provide a more
robust statistical basis for vertiport localization and design. Ultimately, this interdisciplinary roadmap ensures that
vertiports remain a functional, safe, and seamless extension of the metropolitan transport network.
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