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Abstract 

This paper describes the wind short-term forecast system realised within the framework of the 

European Project “Wind and Ports: The forecast of wind for the management and the safety of port 

areas”. This forecast system is one of the main products of the project, which is aimed at improving 

the safety and accessibility to harbour areas exposed to strong winds as well as their management, in 

order to minimize risk situations for users, structures, equipment, stored goods and boats into the port. 

A wide and shared wind monitoring network has been created in the involved port areas, which is 

needed also as input to the short-term forecast system. A validation of the system is presented in order 

to outline its range of applicability and reliability. 
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1 Introduction 

Studying the wind in seaport areas is very important to prevent risks for structures, to help ships and 

ferries approaching a port, and, most of all, to assure safety conditions for workers also during windy 

days, or stop working during extreme windy days.  

The European Project “Wind and Ports: The forecast of wind for the management and the safety of 

port areas” (Solari et al. 2012, www.ventoeporti.net), which has been financed by the European 

Territorial Cooperation Objective, Cross-border program “Italy–France Maritime 2007–2013” 

(www.maritimeit-fr.net), and involved the Department of Civil, Chemical and Environmental 

Engineering (DICCA) of the University of Genoa as scientific partner, and the Port Authorities of the 

five main ports in the Northern Tyrrhenian Sea, namely Genoa, La Spezia, Livorno, Savona (Italy) and 

Bastia (France), dealt with these topics by developing four products: a seaport anemometric 

monitoring network, the statistical mapping of the port areas, two operational wind forecast systems 

based on medium-term (3 days) and short-term (1.5 hours) time scales. 

The present paper concerns the last mentioned product, namely the short-term forecast system (STFS 

hereafter), reporting a brief description of the algorithms adopted and its validation. The STFS has 

been tested operationally in the Port of La Spezia, Livorno, and Savona. However, for the sake of 

simplicity, only the results regarding the Port of La Spezia are presented and discussed here. The wind 

data used as input to the STFS are provided by the seaport monitoring network, which is also briefly 

described in Section 2. The procedure chosen to realise the STFS, which is based both on statistical 

algorithms and numerical models, is presented in Section 3. The system has been validated through the 

comparison between forecasts and measurements, as shown in Section4. 

mailto:marina.pizzo@unige.it
http://www.ventoeporti.net/
http://www.maritimeit-fr.net/
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2 Monitoring network 

The five ports involved in the project were equipped by anemometers, evenly distributed in open sites. 

The overall monitoring network is constituted by 22 bi- or tri-axial ultrasonic anemometers. 

As an example, Figure 1 shows the anemometers position in the monitoring network of the Port of La 

Spezia. These anemometers are bi-axial and the sampling rate is 10 Hz as for the other Italian ports, 

whereas the sampling rate is 2 Hz for the anemometers in the Port of Bastia. The main characteristics 

of these anemometers are reported in Table 1. 

The raw data and their elaborations on 10-minute periods, i.e. mean and peak wind velocity and 

prevalent wind direction, turbulence intensities and gust factor, are sent to and stored in a central 

server in DICCA.  

 

Figure 1:The anemometers in the Port of La Spezia. 

 

Table 1: Details of the locations of the anemometers of the Port of La Spezia. 

Anemometer Longitude (°) Latitude (°) Height (m) Location 

1 9.82999 44.10600 15.5 Building 

2 9.83898 44.11012 13.0 Building 

3 9.85789 44.09733 10.0 Tower 

4 9.81642 44.06703 11.0 Tower 

 

As far as the STFS is concerned, the anemometric dataset shave a threefold use: they have been used 

to calculate the parameters needed to setup the STFS, as described in the next section; the measures 

acquired in real time are the main input to produce the short-term wind forecast; the datasets are used 

to compare measurements and simulations in order to validate the forecast system. 
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3 Short-term wind velocity forecast system 

The short-term forecast system is based on the measures registered by the anemometers installed in the 

port areas. The STFS implemented for this project is an evolution of the forecast algorithm proposed 

by Freda et al. in 2009. 

From the operational point of view, the STFS is based on three main steps: the first one consists in 

forecasting the mean wind velocity at the anemometer position; the second one is the extrapolation, by 

means of suitable transfer coefficients, of the mean wind velocity and turbulence intensity from the 

anemometers to the grid points that the port areas are subdivided into; the third one consists in 

forecasting the peak velocity. 

3.1 Mean wind velocity forecast at the anemometer position 

The first step of the STFS is based on a probabilistic approach. The conditional probability distribution 

function (CPDF) of the future wind speed with respect to the present wind speed at the anemometer 

position is represented by a three-parameter Weibull model (Conradsen, 1984, Haque, 2012) defined 

as follows 

 FVt+n∆t  Vt+n∆t Vt =  1 − p0 ∙
f

s
∙  
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∙ e
− 
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 (1)  

Where Δt = 10 minutes, n = number of steps ahead, p0 is the frequency of the wind calms, f is the 

shape parameter, s is the scale parameter, x0 is the position parameter. These parameters are estimated 

based upon the databases registered by each anemometer for a suitable period, i.e. at least one year. In 

general, each anemometer dataset has been partitioned into discrete intervals (bins) 1 m/s wide (from 

0.5-1.5 m/s ahead) as far as the present wind speed is concerned, Vt,and into discrete intervals 0.5 m/s 

wide as for the future wind speed, Vt+n∆t. For each interval of the present wind speed the parameters 

of the Weibull model are calculated. As an example, Figure 2 shows the distribution of the future wind 

speed (corresponding to 3Δt = 30 min) when the present wind speed ranges between 2.5 and 3.5 m/s 

for the anemometer 3 in the Port of La Spezia. 

 

Figure 2. CPDF of the future wind speed, Vt+n∆t, when the present wind speed, Vt, ranges between 2.5 

and 3.5 m/s, for the anemometer 3 ofthe Port of La Spezia. 
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Operationally, Eqn. (1) is applied every time-step, t, to determine the future wind speed at time t+nΔt 

with a given non-exceeding probability. For the project aims, the forecast time intervals selected were 

30, 60 and 90 minutes and the chosen non-exceeding probabilities were 0.90, 0.95 and 0.99, so that 

every 10 minutes nine future wind speed values are calculated for each anemometer. 

3.2 Mean wind speed and turbulence intensity forecast at each grid point 

The short-term wind forecast is extended to each grid point by means of the so-called transfer 

coefficients, kij
k
, which are needed to perform the mapping of a physical variable k  from the i-th 

anemometer to the j-th grid point. These coefficients are determined through numerical simulations of 

the wind fields within the port areas, using two different numerical models depending on the 

considered variable: 

- the mass-consistent diagnostic code WINDS (Burlando et al., 2007a and 2007b) is used to calculate 

the transfer coefficients for the mean wind speed; 

- the analytical model of the Engineering Sciences Data Unit (ESDU, 1993) is used to evaluate the 

transfer coefficients for the turbulence intensity. 

Then, the interpolation/extrapolation of the final values at the j-th grid point is performed by means of 

a suitable weighting procedure, defined as follows: 

 k j =
Si=1
N gijkij

kki

Si=1
N gij

 (2) 

where N is the number of anemometers in each port; k is a wind variable, for instance a mean wind 

velocity component or the turbulent intensity along-wind; ij are suitable weighting functions 

(Burlando et al., 2013). 

3.3 Peak wind speed forecast at each grid point 

For each j-th grid point, the peak wind speed forecast,Vt+nDt
max

, corresponding to time t+Δt and to an 

average over 3 seconds, is calculated as tnttnt GVV DD max
, where Vt+nDt  is the forecast of the mean 

wind velocity, transferred as described in the previous section, and G is the gust factor. This is defined 

as G=1+g∙Iu, where Iu is the along-wind turbulence intensity and g is defined according to Solari 

(1993). The value of the along-wind turbulence intensity is also transferred from the anemometers 

according to the procedure described in the previous section, but it is kept constant for all the forecast 

horizon at each anemometer position and equal to Iv=v/Vt, which is the ratio between the standard 

deviation of the along-wind velocity component and the mean wind speed at present. 

As an example, Figure 3a) and b) show the maps of the future mean and peak wind speed, respectively, 

at 10 m above ground level (AGL) in the Port of La Spezia, for the 11
th
 of April 2012 at 7:00 UTC, 

produced with a forecast horizon of 30 minutes. The colours represent the wind intensity, ranging 

from blue for the lightest winds to red for the strongest ones. 
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 a) b) 

Figure 3: Maps of the short-term forecast of the future mean (a) and peak (b) wind speed at 10 m AGL 

in the Port of La Spezia, valid for the 11
th 

of April 2012 at 7:00 UTC, produced with a forecast horizon 

of 30 minutes. 

A reliability factor can be assigned to each forecast to provide some information on the quality of the 

dataset in input. This factor depends on the distance between the anemometer site and the grid point 

and on the quantity of measurements. Figure 4 shows a map of reliability in the Port of La Spezia, for 

the 11
th
 of April 2012 at 7:00 UTC. The colours represent the reliability, ranging from blue for the 

lightest reliability to red for the strongest ones. 

 

Figure 4. Map of reliability for the future mean wind speed in the Port of La Spezia, valid for the 11
th 

of April 2012 at 7:00 UTC. 

4 Validation 

The STFS has been statistically analysed through the systematic comparison between the forecasts 

obtained with three time horizons (30, 60 and 90 minutes) and three not-exceeding probability (90, 95 

and 99 percentile), and the corresponding wind measures for the period of one year, from 1 February 

2011 to 31 January 2012. 
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Some statistical parameters are used to analyse the results obtained by means of the STFS. In 

particular, the mean error (ME), defined as the average difference between measures and simulations, 

and the relative mean error (RME), i.e. the average of the difference between measures and 

simulations normalised with respect to measures, have been estimated. For instance, Figure 5 shows 

the errors of the mean wind speed during the considered period, for the anemometer number 3 of the 

Port of La Spezia. 

Table 2 shows the values of ME and RME of the wind speed calculated for different thresholds 

corresponding to velocities higher than 6, 8, and 10 m/s, and for all the forecast horizons, H, and not-

exceeding probabilities, P. Note that both these errors are always positive, which means that the 

forecast is, on average, higher than the measures. Moreover, for P = 90 % both ME and RME are quite 

close to zero, while they increase when the wind intensity increases for any pair of values (P, H). This 

means that, especially for the more intense weather events, the STFS tends to keep the forecast more 

and more on the safe side. 

As far as the wind direction is concerned, Figure 5 shows that the variability progressively reduce for 

the most intense wind conditions, approaching gradually to zero for the windiest events. This means 

that the algorithm gets more and more precise as the wind speed increases. It is worth noting, however, 

that the forecast obtained through the STFS is focused on the prediction of the wind speed and 

turbulence, whereas the wind direction is kept constant at the anemometer position. The reduction of 

the error of the difference between measured and simulated wind directions for the higher wind speed 

values is therefore just an intrinsic characteristic of the flow, because the wind direction gets more and 

more persistent for the strongest wind conditions. 

 

Figure 5: Errors of the mean wind speed for 3 different forecast horizons (30, 60, and 90 minutes) 

evaluated for the anemometer number 3 of the Port of La Spezia. 
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Table 2: Mean errors and mean relative errors (%) for the anemometer number 3 of the Port of La 

Spezia. 

P H 

La Spezia, anemometer 3 

V ≥ 6 (m/s) V ≥ 8 (m/s) V ≥ 10 (m/s) 

ME RME ME RME ME RME 

90% 

30 0.3 4.7 0.4 3.9 0.4 3.7 

60 0.3 3.7 0.1 1.7 0.0 0.6 

90 0.2 3.0 0.2 2.3 0.0 0.2 

95% 

30 0.8 10.3 1.0 10.5 1.2 11.6 

60 0.8 11.2 0.9 10.1 1.1 10.2 

90 0.9 12.4 1.2 13.2 1.4 12.5 

99% 

30 1.5 20.1 2.1 22.3 2.9 26.0 

60 1.9 24.7 2.4 25.5 3.1 28.0 

90 2.3 29.7 3.2 33.7 4.1 36.3 

 

 

Figure 6: Errors of the mean wind direction for 3 different forecast horizons (30, 60, and 90 minutes) 

evaluated for the anemometer number 3 of the Port of La Spezia. 
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5 Conclusions 

The short-term wind forecast system implemented in the framework of the project “Wind and Ports” 

represents the link between the acquisition of local measurements of wind speed recorded by the 

anemometer monitoring networks of the five ports of Bastia, Genoa, Livorno, Savona and La Spezia, 

and the ability to extend in time and space these measures to create an early warning system to prevent 

dangerous wind conditions and to operate safely within the port areas. 

The forecast system is calibrated using the anemometer measurements acquired for one year, but it can 

and should be re-calibrated after each year of activity in order to increase its reliability especially 

compared to wind situations more intense. From this point of view, the current forecast system 

actually represents a starting point that will be improved through a series of subsequent updates in the 

years to come. Analogously to the update process, the validation process described in the present 

paper is still in progress and it is expected that, year by year, the mean errors could decrease as the 

anemometric datasets became longer and longer. 
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