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ABSTRACT 

In the context of the San Paolo project "Wind monitoring, simulation and forecasting for the smart 
management and safety of port, urban and territorial system", a computational grid of Livorno 
City (Italy) and its surroundings at full scale has been constructed for 3D steady-state RANS 
simulations to be performed by the open-source code OpenFOAM. Field measurements in the 
same urban area have been scheduled between December 2017 and March 2018 in order to cover 
the entire winter season, i.e. the windiest one. The CFD results, obtained by initialising the CFD 
simulations with wind profiles measured through a LiDAR installed in the Port of Livorno, have 
been validated by means of two ultrasonic three-axial anemometers installed along a narrow canal 
which is located in the old city centre, about 1.5 km south-westward of the port area.  

1 INTRODUCTION 

Operational wind forecasting by means of CFD technique is still at the frontier of the research 
mainly because these models are too time-consuming and computational demanding for being 
operated to downscale dynamically the forecast of numerical weather prediction (NWP) models. 

The wind forecast system realised in the framework of the European Project “Wind and Ports” is 
based on the coupling of the NWP model WRF and the mass-consistent code WINDS, as 
described in Solari et al. (2012). Mass-consistent codes are diagnostic models which solve the 
continuity equation only, so that they run very fast (in the order of a few minutes per simulation) 
and can be used operationally to downscale the coarser-resolution output of NWP models to 
obtained higher-resolution results (in the order of 100 m) over a sub-domain of the larger-scale 
meteorological model. Mass-consistent models, however, are not suitable to simulate urban flows 
as they do not resolve explicitly the geometry of buildings and the whole urban texture is simply 
taken into account trough proper roughness length and displacement height parameters. 

In the present paper, a novel approach is used to interpolate/extrapolate information from a set of 
measurements or wind data obtained through the forecast of an NWP model to the computational 
domain of a CFD code where the urban elements of the whole Livorno city (Italy) are explicitly 
considered. According to the procedure described in Burlando et al. (2013), this is carried out 
defining a matrix of transfer coefficients that provides a mapping function between the wind speed 
and direction at a reference position, e.g. an anemometric station or a grid point of the NWP 
model, and the wind speed and direction at a target position, e.g. a grid point of the CFD domain. 
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In Section 2, the measurement campaign carried out in Livorno is briefly described. The CFD 
code used for the wind field simulations is described in Section 3. Conclusions and future steps 
are reported in Section 4. 

2 MEASUREMENT CAMPAIGN IN LIVORNO 

In the framework of the San Paolo project "Wind monitoring, simulation and forecasting for the 
smart management and safety of port, urban and territorial system" a measurement campaign has 
been realised to monitor the wind field within the urban canopy of a district of Livorno city called 
“Quartiere La Venezia”. The main aim of such campaign concerned the study of the interaction of 
the atmospheric boundary layer with the urban fabric and the effects of flow channelling inside 
urban canyons. 

The monitoring system, consisting of two ultra-sonic anemometric stations located as shown in 
Fig. 1 and installed in December 2017, has been used for the continuous measurement of wind 
intensity and direction inside the urban canyon called “Canale Rosciano”. The campaign is still in 
progress and is supposed to conclude by the end of May 2018. 

 
Figure 1: Position of the two anemometric stations along “Canale Rosciano” in the “La Venezia” district 

in Livorno city. 

3 CFD MODEL OF LIVORNO 

At present, the computational domain of the CFD code is in an advance condition of realisation. In 
the following subsections the strategy to create the mesh as well as the boundary conditions 
adopted for the numerical simulations are briefly described. 

3.1 Computational mesh 

A high-resolution computational grid has been developed for large part of Livorno city (Fig. 1). 
The computational grid covers an area of 49.0 km2, with dimensions of 
L ´ L ´ H = 7.0 ´ 7.0 ´ 0.5 km3, with approximately 85 million of control volumes. 

As indicated in Fig. 1, different levels of refinement have been used during the construction of the 
geometric elements (e.g. buildings, bridges and docks) in the area of interest and three zones 
named “core”, “surrounding-1” and “surrounding-2” have been distinguished. 
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The finest geometry and grid have been defined into the “core” zone, which corresponds to the 
district “Quartiere La Venezia”. The computational grid constructed in this specific zone of 
approximately 0.30 km2 corresponds to the one presented by the authors in the previous 
publication Ricci et al. 2017. In the “surrounding-1” zone a medium level of resolution both for 
the geometry and grid has been defined. In this zone of about 9.39 km2, the buildings have been 
constructed with their real ground plan and real height except for buildings belonging to small 
urban agglomeration (e.g. with a surface of 0.025-0.050 km2) for which an average height of 
buildings group has been calculated. The “surrounding-2”zone of about 39.1 km2 has the lowest 
resolution both for geometry and grid. Buildings have been constructed with their real ground plan 
and real height except for buildings belonging to small urban agglomeration (e.g. with a surface of 
0.06-0.50 km2) for which an average height of buildings group has been calculated. 

 
Figure 2: Overview of the area of interest reproduced by the CFD with a sketch of the three zones (a) for 

which different levels of refinement for geometry and grid have been used (b). 

3.2 Boundary conditions 

Inflow profiles, to be applied to the inlet face of the computational domain, in terms of mean wind 
speed (U), turbulent kinetic energy (k) and turbulence dissipation rate (ɛ) profiles have been 
calculated using the equations by Richards and Hoxey (1993). 

As an example, a comparison of two sets of inlet profiles, corresponding to the wind blowing from 
the sea (i.e. “sea profile”) and from land (i.e. “land profile”), is reported in Fig. 2. 

In this figure, mean wind speed (U), turbulent kinetic energy (k) and turbulence dissipation rate (ɛ) 
profiles have been normalized by a reference mean speed (Uref) value at 500 m above the ground, 
by the square of the friction velocity (u*2) value, and the fraction u*3/λ, respectively, where λ 
represents a characteristic length scale which has been taken equal to the height (H = 500 m) of 
the computational domain. The reference height (zref), for which the y-axis values have been 
normalized, corresponds to the height (H = 500 m) of the computational domain. 
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Figure 3: As an example, the inflow conditions (U, k, ɛ) imposed on the inlet face of the computational 
domain for the reference wind direction α = 270° (i.e. “sea profile”), and α = 0°, 90°, 180° (i.e. “land 

profile”). 

4 CONCLUSIONS 

After conclusion of the CFD setup, numerical simulations will be performed in order to define the 
matrix of transfer coefficients valid for all the different conditions of wind speed and direction 
that can occur in the considered area. The validation of the model through comparison with the 
measurements of the wind monitoring campaign along “Canale Rosciano” in Livorno will then 
follow. 

The wind flow fields of the CFD simulations will be eventually compared with the ones obtained 
by the wind forecast system of the "Wind and Ports" project (Solari et al., 2012), which provides 
operationally the flow field over the same area based on the mass-consistent code WINDS. The 
comparison will provide new insights with respect to the possibility of applying CFD codes into 
operational wind forecast chains. 

Acknowledgements 
This research has been carried out in the framework of the Project “Wind monitoring, simulation and 

forecasting for the smart management and safety of port, urban and territorial systems” funded by 
“Compagnia di San Paolo” (ID ROL: 9820) in the period 2016–2018  

References 
Burlando, M., De Gaetano, P., Pizzo, M., Repetto, M.P., Solari, G., Tizzi, M. (2013). Wind climate analysis 

in complex terrains. J. Wind Eng. Ind. Aerodyn., 123, p349-362. 
Solari, G., Repetto, M.P., Burlando, M., De Gaetano, P., Pizzo, M., Tizzi, M., Parodi M. (2012). The wind 

forecast for safety and management of port areas. J. Wind Eng. Ind. Aerodyn., 104-106, p266-277. 
Ricci, A., Kalkman, I., Blocken, B., Burlando, M., Freda, A., Repetto, M.P. (2017). Local-scale forcing 

effects on wind flows in an urban environment: Impact of geometrical simplifications. J. Wind 
Eng. Ind. Aerodyn., 170, p238-255. 

Richards, P.J., Hoxey, R.P. (1993). Appropriate boundary conditions for computational wind engineering 
models using the k-e turbulence model. J. Wind Eng. Ind. Aerodyn. 46-47, p145-153. 

 


