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VI. THE MONITORING NETWORK OF THE PROJECT SINAPSI 

VI.1 INTRODUCTION 

Maritime traffic has always played an important role in trade and passenger transport, and has 
undergone significant expansion in recent years, together with technological progress. What is 
increasing is not only the traffic intensity and the number of vessels, but also their size, especially 
container and cruise ships (Urbański et al., 2008). Ports are, in fact, main entities for global trade, 
even after the 3.8 % of decline that maritime traffic underwent in 2020 due to Covid-19 pandemic 
(United Nations, 2022). In particular, Mediterranean ports are intensely involved in transhipment 
activities, particularly connecting Asia to Europe along the East-West route (Basagni, 2020). Hence, 
Mediterranean ports have a global relevance, since they are placed at the centre of three key passage 
sites for maritime traffic, that are the following: the Strait of Gibraltar that connects the 
Mediterranean Sea with the Americas, the Suez Canal for commercial traffic with the Southeast Asia, 
and the Bosporus Strait which is an important connection with the Black Sea and Eastern 
Europe/Central Asia (Reynaud, 2003). In addition, the ports are also involved in intra-Mediterranean 
maritime shipping, which makes them very busy traffic areas (Khodjet et al., 2021). In this context, 
the city of Genoa is traditionally linked to port activity, which has been intensively practised since 
medieval times, when Genoa was part of the Maritime Republics that dominated the Mediterranean 
Sea (Piccinno, 2017). The influence of port activities is not only limited to the city of Genoa, but 
from the entire region of Liguria, of which the Port of Genoa is considered the main market, to 
international trade. In fact, the Port of Genoa, thanks to its tradition and strategic position, is 
fundamental for trade between the cities overlooking the Mediterranean Sea and the North Europe, 
and at for the worldwide commercial traffic (Basta and Morchio, 2008). Although maritime traffic 
is very important for commercial activities and for the economic development of urban realities, it is 
also one of the sectors most exposed to the risk of accidents that can lead not only to loss of life, but 
also to damage and/or loss of the ship or cargo and consequent possible environmental damage 
(Neves et al., 2012). Ports in particular are very sensitive environments for navigational safety; in 
fact, 90% of maritime accidents occur in confined waters due to limited space and depth, the presence 
of obstacles and other vessels, the variability of currents, and the greater effect that currents and 
winds can have when manoeuvring in confined spaces (Azevêdo et al., 2021). In order to improve 
the safety during navigation and manoeuvres within ports, it is therefore extremely important to have 
a system for monitoring the dynamics of currents in real time, so that the marine weather conditions 
can be verified at the required time by the various stakeholders involved in such operations, e.g. 
pilots and masters of ships and tugs (Shih, 2012). In recent years, the monitoring networks for the 
dynamics of confined waters have been the subject of study and implementation in various port and 
non-port realities, and allow interested parties to make use of these data, which are made public and 
easily accessible through dedicated applications, websites and interactive platforms (Cutroneo et al., 
2012; ixbuoy-toulon website, 2022; Picado et al., 2022; Shih, 2012; VePorto website, 2022; Weather 
& Tide website, 2022).  

The Project SINAPSI was therefore created precisely to meet the needs of Port Authorities, in the 
form of the creation of a monitoring network that would provide data on dynamics in real time. The 
sites of interest were in fact decided on the basis of both previously collected data and the specificities 
of the different port areas in relation to maritime traffic. Data from previous monitoring actions and 
preliminary marine currents monitoring campaigns have shown that both the marine weather 
conditions and the complex morphology of the Port of Genoa strongly influence the dynamics of the 
area. Some sectors of the port, especially near the open sea and along the Sampierdarena Channel, 
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may be more problematic as more intense currents develop in these areas. Following the extensive 
dredging carried out in the Port of Genoa in 2009-2014, the seabed deepened to 17-17.5 m. In 
addition, during these activities, the part of the “Duca di Galliera” breakwater protruding at the 
eastern beginning of the Sampierdarena Channel was removed (Fig. 51). This alteration of the 
conformation of the breakwater resulted in the removal of an obstacle to the free flow of water 
masses, which therefore caused a change in the dynamics of currents in the Channel and an increase 
in the speed of the currents. In fact, the pilots of the Port of Genoa subsequently encountered some 
difficulties during manoeuvres, which were reported to the Port System Authorities.  

 
Fig. 51: Map showing the protrusion of the breakwater that was removed during the dredging activities in 

2009-2014 (red circle) 

The use of H-ADCP current meters is particularly suitable for long-term current monitoring in 
environments such as ports. In fact, they can be installed on quays, breakwaters and fixed structures 
that do not hinder navigation and do not interfere with frequent dredging activities; furthermore, they 
allow the acquisition of horizontal profiles of measurements over a long range, thus being particularly 
suitable for the study of areas where the spatial variability of the horizontal flow is complex 
(Trenaman and Marsden, 2003). The monitoring network for the Port of Genoa was therefore 
developed using H-ADCP current meters and integrating current data with information on the 
physical characteristics of the water using CTD probes. During this PhD project, all procedures for 
its realisation were followed, starting with the acquisition of the instruments up to their installation, 
verification of operation and data transmission. Within the broader Project SINAPSI, these data will 
be integrated with data from other instruments installed in all the ports of the Project. The process of 
implementation and data analysis of the H-ADCP monitoring network in the Port of Genoa is 
therefore here described. 

VI.2 MATERIALS AND METHODS 

The implementation of the monitoring network required several steps, starting with the acquisition 
of the instruments, the purchase of the mounting structures and the data transmission system, and 
ending with the installation of the instruments at the selected sites.  

The instruments used for the realisation of the monitoring system were four Teledyne RDI 
Workhorse H-ADCP current meters, with 300 kHz frequency, three-beam configuration, and a beam 
angle of 20°. The current meters are owned by the Port Authority of Genoa and were granted on loan 



45 
 

for use to the Department of Earth, Environmental and Life Sciences (DISTAV-University of 
Genoa), on 20 July 2020.  

The most time-consuming procedure was the tender for the purchase of the necessary facilities for 
instrument installation and data transmission. Since the expenditure for the purchase of structures 
was over 40,000 €, the administration procedure was more complicated and required more time than 
usual. Structures for the installation of ADCPs included: mounting and protection system, power 
system by solar panels, system for management and communication with the instrument, and system 
for transmission of data. An expression of interest was published in July 2021 and the tender started 
in August 2021. A list of technical requirements was prepared, compliance with which allowed to 
assign up to 80 points. The economical aspect was evaluated up to 20 points. Total scores of the 
participants were then compared. The tender procedure was awarded to the company 
IdromarAmbiente (Genoa) and the installation of the facilities took place in August 2022. 

The installation of the H-ADCPs was carried out using onshore structures located on the breakwater 
(Fig. 52) at a depth of approximately 7 m. A red “X” was placed on the outside structure of the fixed 
stations to signal their presence to mariners (Fig. 53). In addition, a metal fence was built around 
each station to allow only authorized access and improve the visibility of the stations themselves 
(Fig. 54). The instruments were powered by solar panels and equipped with a GSM system for data 
transmission to a remote computer. The transducers of the H-ADCPs were protected with a thin layer 
of zinc-oxide cream (ZnO min >15%) to prevent fouling (Cutroneo et al., 2012). The installed H-
ADCPs can measure current profiles and echo intensity along a theoretical horizontal line of 
approximately 150 m and were set up on a bin size of 4 m and to transmit data at 15-minute intervals. 
Data transmitted are the average of the direction and velocity of the currents recorded for one minute. 
A CTD probe (IdromarAmbiente) was installed in 3 out of 4 monitoring stations (Fig. 55). 

 
Fig. 52: Installation of a monitoring station 
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Fig. 53: Picture of a monitoring station showing the red “X” signal 

 
Fig. 54: Picture showing the metal fence built around each station 
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Fig. 55: Deployment of instruments 

To allow free access and usability of the data collected from the fixed stations in real time, a web 
platform was developed, with a graphical interface to select the station of interest on a map and view 
the data. Since my PhD Project is part of the Interreg Project SINAPSI, it was decided to capitalize 
on a product of a previous Interreg Project, GEREMIA, by taking advantage of an existing web 
platform. The GEREMIA web platform already collected different types of data related to the Port 
of Genoa, and therefore the combination with the Project SINAPSI provided a further enrichment of 
the overview of the area. 

For data analysis, measurements from the current meters were filtered excluding currents which 
exceeded 1 m s-1 of velocity. This was decided basing on previous monitoring in the area, which 
showed that currents over that limit were probably caused by the passage of vessels rather than being 
part of the actual dynamic. As described in the analysis of previous monitoring campaigns, the 
measurements from the bins closest to the instruments may be influenced by the presence of the 
breakwater and its morphology, while the farthest are possibly affected by the passage of ships 
(Apigalli, 2014). For these reasons, the central bins measured by the H-ADCPs were selected, which 
correspond to the distance of 50-100 m from the breakwater. A period of ten days (12-21 September 
2022) of data coming from all the four H-ADCPs was analysed, and intensity and direction of marine 
currents were compared with the characteristics of the prevalent wind recorded in the area in the 
same period; hourly wind data were collected by a monitoring station located in the Porto Antico 
area (Liguria Region website, 2022). Daily wind data were also exploited for comparison between 
areas, using data coming from the Porto Antico Area (Liguria Region website, 2022) and the Genoa 
Airport area (GenoaMeteo website, 2022); hourly wind data at the Genoa Airport were not available. 
Wind charts were created using Grapher© software. Kruskal-Wallis test was performed on values of 
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current velocity recorded by the four stations. Intensity of wind in different areas was tested with t-
test. Data of temperature and oxygen recorded by the CTD probes installed at the three monitoring 
stations (EE, CA-E and CA-W) were analysed comparing values between different stations. 
Comparison of temperature and oxygen values between stations was performed by Kruskal-Wallis 
test; pairwise-comparison between groups was carried out with Dunn's Test. 

Verification of current direction measurements transmitted by the H-ADCPs was carried out using a 
WorkHorse 1200 kHz vertical ADCP, set to bins of 1.5 m and averaging data every 30 seconds; the 
instrument was mounted on a stationary vessel and equipped with bottom track. To make the 
comparison, the average values of current direction from the central bins of the H-ADCPs (50-100 
m from the instruments) were considered. Regarding the measurements carried out with the V-
ADCP, these were taken at varying distances in front of the fixed instruments, and the bins 
corresponding to a depth of about 7 m were considered, that is the depth at which the H-ADCPs were 
positioned. Each measurement made with the V-ADCP lasted around 5 minutes, and the average 
values of current direction recorded during this time were considered. The average of current 
direction values was calculated on Excel using the following formula: 

=ROUND(MOD(ATAN2(ROUND(AVERAGE(COS(DataRange*PI()/180));3);ROUND(
AVERAGE(SIN(DataRange *PI()/180));3))*180/PI()+360;360);1) 

VI.3 RESULTS AND DISCUSSION 

Installation sites for the fixed monitoring stations were discussed with the Port Authority, and four 
areas were identified as suitable, as follows: the eastern Port Entrance (EE), the Eastern part of the 
Sampierdarena Channel in front of Bettolo Quay (BE), and the eastern (CA-E) and western (CA-W) 
sections of the channel in front of the Genoa Airport (Fig. 56).  

 
Fig. 56: Map showing the location of the four fixed monitoring stations: eastern Port Entrance (EE), the 

Eastern part of the Sampierdarena Channel (BE), and the eastern (CA-E) and western (CA-W) sections of the 
channel in front of the Genoa Airport 

The web platform developed allows the selection of the monitoring station of interest on a map and 
the visualisation of data from both the H-ADCPs and the CTD probes (s4sinapsi website, 2022). The 
location of each station is shown on the map by a green dot, which change into red in case of 
malfunction of the instruments. Real time data are shown, together with the two immediately 
preceding measurements i.e., 15 and 30 minutes before the current ones (Fig. 57-60). Data from the 
H-ADCPs show the mean values of intensity (m/s) and direction (° N) of currents from the central 
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bins, while data from the CTD probes that can be visualised are temperature (°C), dissolved oxygen 
(%), and turbidity (FTU). CTD probes were installed in 3 out of 4 monitoring stations, excluding the 
one in front of Bettolo Quay.  

 
Fig. 57: Visualisation of data from the BE monitoring station (s4sinapsi website, 2022). 

 
Fig. 58: Visualisation of data from the EE monitoring station (s4sinapsi website, 2022). 
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Fig. 59: Visualisation of data from the CA-E monitoring station (s4sinapsi website, 2022). 

 
Fig. 60: Visualisation of data from the CA-W monitoring station (s4sinapsi website, 2022). 

The comparison between the velocity and direction of wind and currents was carried out basing on 
data from the Porto Antico wind station and the ADCP station installed. Missing data within the 
period from the CA-E and CA-W ADCP stations was due to temporary lack of data reception from 
the stations or maintenance work done on the instruments.  

Regarding water dynamic analysis, comparison of velocity data between wind and currents was made 
for the selected time period for each of the ADCP stations. Considering the intensity values of wind 
and currents on the appropriate orders of magnitude, i.e., m s-1 for wind and cm s-1 for currents, a 
concordance between the trends can be observed (Fig. 61-64). At all four ADCP stations, the trend 
of current velocity was in agreement with that of the wind, with some exceptions that may be given 
by other factors affecting current intensity, such as heavy ship traffic, especially at the stations at the 
eastern entrance (EE) (Fig. 62) and in front of Bettolo Quay (BE) (Fig. 61). In fact, the east entrance 
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is currently the access channel for all ships heading to the port of Genoa, both for commercial and 
passenger traffic, while the area in front of Bettolo Quay is the passage point for all commercial ships 
docking along the Sampierdarena Channel. Regarding the correspondence between wind and 
currents velocity at the four sites, it was sometimes possible to highlight that the peaks of increase in 
current intensity occurred later than the increase in wind speed, as expected; in fact, the movement 
of wind-driven currents begins with a delay compared to wind activity, and only gradually reaches 
the steady state speed (Allen, 1980). When selecting the two days of most intense wind (i.e., 14th and 
17th September 2022), it is possible to better appreciate the time lag with which the sea currents 
respond to the wind at the four different stations (Table 1). On 14th September there was a south-
easterly wind and the peaks of intensity between the wind and the currents were delayed by 2-5 hours, 
while on 17th September the wind came from the north direction and the delay between peaks was 8-
11 hours (Table 1). Thus, with northerly wind the delay between wind and current’s peak of intensity 
was greater than in case of south-easterly wind, even if in the latter case the intensity of wind was 
lower. This could be explained due to the different size of the fetch for winds from the two almost 
opposite directions. In fact, the Genoa area is protected from northerly winds by the mountain ranges 
behind it, while southerly winds encounter no obstacles in the stretch of sea in front of the port.  

 
Fig. 61: Comparison of velocity data between wind (m s-1) and currents (cm s-1) from the BE station in the 

period 12-21 September 2022 

 
Fig. 62: Comparison of velocity data between wind (m s-1) and currents (cm s-1) from the EE station in the 

period 12-21 September 2022 

 
Fig. 63: Comparison of velocity data between wind (m s-1) and currents (cm s-1) from the CA-E station in the 

period 12-21 September 2022 
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Fig. 64: Comparison of velocity data between wind (m s-1) and currents (cm s-1) from the CA-W station in 

the period 12-21 September 2022 

Table 1: Time of peak intensity of wind and currents (EE, BE, CA-E, CA-W) on 14th and 17th September 2022 
  Time of peak intensity 

Day Wind direction Wind EE BE CA-E CA-W 

14/09/22 South-East 08:00-12:00 12:00-16:00 10:00-12:00 12:00-17:00 13:00-15:00 

17/09/22 North 08:00-10:00 17:00-20:00 16:00-19:00 19:00-22:00 19:00-21:00 

 

By comparing the data recorded by different ADCP stations, it can be observed that the average 
values of current velocities were significantly different (p-value = 2.2e-16). In fact, the currents at 
the area in front of Bettolo Quay (BE = mean: 5.7 ± 4.3 cm s-1) were less intense than the ones 
recorded at the eastern port entrance (EE = mean: 6.3 ± 2.7 cm s-1), but they reached even higher 
values at the east and west entrance of the Airport Channel (CA-E = mean: 9.0 ± 5.0 cm s-1; CA-W 
= mean: 8.7 ± 5.1 cm s-1) (Fig. 65). The fact that the currents were less intense at the entrance to the 
Sampierdarena Channel (BE) than at the entrance to the port (EE) may be easily explained as the 
latter site is more affected by the influence of external currents, while station BE is in a much more 
sheltered area. Regarding the higher mean values of current velocities recorded at the two airport 
channel sites (CA-E and CA-W), this was probably because this is a much more wind-exposed area 
compared to the location of the BE and EE stations. In fact, although not statistically significant (t-
test = p-value: 0.1), the daily wind intensity recorded in the period of interest was greater at the 
Genoa Airport, where stations CA-E and CA-W are located, than at the Porto Antico, which is closer 
to the BE and EE stations (Table 2). It is also interesting to note that although the currents recorded 
by station BE were on average less intense than those of the other stations and were those with the 
lowest value of current velocity (0.9 cm s-1), they were also those characterized by greater variability 
in intensity and the ones that recorded the highest value among all stations (36.8 cm s-1) (Fig. 65). 
One possible explanation for this variability and for the presence of outliers with higher values, could 
be that the BE station is located in an area heavily trafficked by large commercial ships, whose 
passage may sometimes be recorded by the instrument. 
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Fig. 65: Current velocity from the ADCP stations in the period 12-21 September 2022 

Table 2: Daily wind velocity (m s-1) in the Porto Antico and Genoa Airport areas in the period 12-21 September 
2022 

DAILY WIND VELOCITY (m s-1) 
DAY Porto Antico Genoa Airport 

12.09.22 1.7 2.1 
13.09.22 1.6 1.8 
14.09.22 3.4 5.0 
15.09.22 2.9 4.0 
16.09.22 2.3 3.9 
17.09.22 5.0 5.6 
18.09.22 2.7 3.6 
19.09.22 2.3 3.1 
20.09.22 3.1 4.0 
21.09.22 3.8 4.1 

Wind data, obtained from the Porto Antico sampling station (Liguria Region website, 2022), showed 
that during the period between 12 and 21 September, the prevailing winds were mainly from the 
north/northeast and south/southeast directions (Fig. 66). Furthermore, the winds that reached higher 
intensities were from the north/northeast. Only less than 4% of occurrence of wind came from the 
southwest direction, and the near absence of wind in the northwest quadrant was observed (Fig. 66). 
This is in agreement with the literature that reports the NE wind direction as prevailing in the area, 
followed by the SE direction (Castino et al., 2003; Cutroneo et al., 2017). 
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Fig. 66: Velocity (m s-1) and direction (° N) of wind in the period 12-21 September 2022 

Regarding the direction of the currents recorded by the H-ADCPs, it is clearly observable that these 
were generally distributed in the sectors between the northeast-southeast and northwest-southwest 
directions, while north- and south-oriented currents were almost absent (Fig. 67-70). This is due to 
the conformation of the sites where the stations were placed, which are channels delimited by the 
breakwater and piers and extending along the east-west directions; thus, the morphology of the area 
does not allow the development of currents on the south-north direction. At all four H-ADCP stations, 
currents with direction between 45 ° N and 135 ° N were less frequent than those between 225 ° N 
and 315 ° N. The fact that the currents were directed primarily to the western quadrants is intuitively 
explicable in the case of winds from the south-southeast, whereas winds from the north can develop 
currents that move indicatively from west to east. It is true, however, that the winds observed within 
the period of interest came from the northeast quadrant rather than from the northwest quadrant where 
they were practically absent instead. Therefore, it is plausible that even in the case of winds from the 
northeast, westward currents may develop.  
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Fig. 67: Velocity and direction (° N) of wind (top-left) and currents from the EE station (right) in the period 

12-21 September 2022 

 
Fig. 68: Velocity and direction (° N) of wind (top-left) and currents from the BE station (right) in the period 

12-21 September 2022 
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Fig. 69: Velocity and direction (° N) of wind (top-left) and currents from the CA-E station (right) in the 

period 12-21 September 2022 

 
Fig. 70: Velocity and direction (° N) of wind (top-left) and currents from the CA-W station (right) in the 

period 12-21 September 2022 

The currents that stand out the most among those recorded by all four H-ADCP stations are those 
observed at site EE, i.e., at the east entrance to the port (Fig. 67). In fact, at this site, the currents were 
more evenly distributed in frequency between the east and west directions than at the other stations. 
This would confirm previous observations made both during preliminary monitoring campaigns and 
in previous studies (Capello et al., 2010; Cutroneo et al., 2017), where even in the case of winds from 
the southeast, and thus currents that tend to flow mainly towards the inside of the port, counter 
currents occur in the opposite direction along the breakwater. In addition, at this site, currents directed 
toward the western quadrants are mainly between 300 ° N and 315 ° N (Fig. 67), while at other 
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stations the most frequent directions are between 250 ° N and 300 ° N (Fig. 68-70). In fact, at the EE 
station the breakwater has a greater northward inclination than at the other three sites, which affects 
the direction of the currents. However, even at the other three stations, a difference in the direction 
of the west quadrants currents can be observed; in fact, currents seem to rotate from northwest to 
southwest starting from the easternmost station (BE) toward the westernmost station (CA-W). This 
can be better observed by isolating data from a single day. For this purpose, wind and current 
intensity and direction data recorded on 14th September 2022 were isolated (Fig. 71). During this day 
the prevailing winds were from the southeast, and the currents moved, as expected, from east to west. 
Even in this case the dynamics previously observed were confirmed. At station EE, there was a higher 
frequency of currents with a direction of 315 ° N, but with a westward-directed counter current. Also, 
going from east to west (from station EE to CA-W) the prevailing currents rotated from northeast to 
northwest. These data coincide with the cyclonic current that characterizes the dynamics outside the 
port and in the Gulf of Genoa in general (Pinardi and Masetti, 2000). The influence of the main 
external current can also be observed in the case of winds from the opposite direction to the previous 
case, i.e. from the north, as can be seen by isolating the data for 17th September (Fig. 72). In fact, 
even in this case there was a rotation of the currents, starting from the station furthest east towards 
the station furthest west, which follows the cyclonic trend. Furthermore, despite the wind coming 
from the north, it can be observed that the currents recorded by the two stations furthest east (EE and 
BE) were still predominantly north-westerly; this was probably due both to the greater influence of 
external conditions at the eastern entrance, and to the presence of the breakwater in front of Calata 
Bettolo which diverts the flow of current along the Sampierdarena Channel, as observed during the 
preliminary campaigns. On the other hand, at the two stations located along the airport channel (CA-
E and CA-W), the effect of the wind can be more appreciated, which caused strong currents that 
flowed from west to east (Fig. 72). 

 
Fig. 71: Velocity and direction (° N) of wind and currents on 14 September 2022: a) wind velocity (m s-1) 
and direction; b) EE ADCP station currents velocity (cm s-1) and direction; c) BE ADCP station currents 
velocity (cm s-1) and direction; d) CA-E ADCP station currents velocity (cm s-1) and direction; e) CA-W 

ADCP station currents velocity (cm s-1) and direction 



58 
 

 
Fig. 72: Velocity and direction (° N) of wind and currents on 17 September 2022: a) wind velocity (m s-1) 
and direction; b) EE ADCP station currents velocity (cm s-1) and direction; c) BE ADCP station currents 
velocity (cm s-1) and direction; d) CA-E ADCP station currents velocity (cm s-1) and direction; e) CA-W 

ADCP station currents velocity (cm s-1) and direction 

During the period 12-21 September 2022, three campaigns for the verification of the data recorded 
by the H-ADCPs were carried out, on September 12, 16, and 20. Depending on weather conditions 
and vessel traffic, it was not possible on all days to take measurements in front of all the H-ADCPs. 
The mean values of direction of currents observed during the measurement campaigns by the V-
ADCP and the H-ADCPs at each station, are given in Table 3. Measurements of current directions 
made with the two instruments agreed, except for the two measurements taken on 20 September at 
the EE and CA-W stations. These exceptions are probably because the V-ADCP’s measurements 
were made at varying distances from the H-ADCPs, which record currents over a wide horizontal 
section within which currents in different directions may occur. 

Table 3: Comparison of the direction of currents (° N) recorded by V-ADCP and H-ADCP 
DAY HOUR STATION V-ADCP H-ADCP 

12-Sep 10:37 CA-E 110 92 
12-Sep 11:47 CA-W 112 91 
12-Sep 14:13 BE 111 132 
16-Sep 10:22 CA-E 113 91 
16-Sep 11:15 CA-W 108 91 
16-Sep 12:15 BE 104 111 
16-Sep 14:41 EE 124 134 
20-Sep 14:25 EE 254 16 
20-Sep 15:08 CA-W 289 181 
20-Sep 17:02 BE 269 286 

Data from the CTD probes installed at the three fixed stations (EE, CA-E and CA-W) were analysed 
regarding physiochemical parameters. For data analysis, only the values of temperature and oxygen 
recorded on 16th and 17th September 2022 were selected; in fact, these were the only two days during 
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the period 12-21 September where data from all the three stations were present, due to maintenance 
works that were done to the CTD probes on the other days. Kruskal-Wallis test reported that there 
was no significant difference (p-value: 0.46) between values of temperature recorded at different 
stations (Fig. 73). Indeed, the average temperature was 25.9 °C (st. dev.: 0.1 - 0.2 °C) at all the 
monitoring stations. These results were in accordance with the average temperature recorded by other 
monitoring stations in the Genoese waters (SeaTemperature website, 2022). Nevertheless, the lowest 
temperatures reported online on 16th and 17th September 2022 were 22.1 °C and 21.9 °C, respectively 
(SeaTemperature website, 2022), while the minimum temperature recorded by the monitoring 
stations installed was never lower than 26.1 °C. This difference is probably due to the fact that the 
port area is more sheltered compared to the external waters and is characterised by a relatively 
shallow depth.  

With regard to water oxygen content, however, the values recorded by the three stations differed 
significantly (p-value: 2.43e-51) (Fig. 74). The pairwise test results showed a significant difference 
between all pairs of stations, but the oxygen values that differed most from the others were those 
from station CA-E, which were lower than the two others (Fig.74). In fact, the mean oxygen value 
recorded in waters at the CA-E station was 88.7 %, while the EE and CA-W stations showed mean 
oxygen values of 98.1 % and 97.2 %, respectively. The EE station also presented the highest 
minimum and maximum oxygen values, of 96.2 % and 101.6 % respectively, because it is located in 
an area where there is more exchange with the external environment. The lower oxygen values at 
station CA-E, on the other hand, may be explained both by the fact that this station is located near 
the mouth of the Polcevera Torrent, which results in a constant supply of sediment to the area, and 
by the fact that major dredging works were carried out during the period examined, during which the 
removed sediment was dumped in an area close to this station.  

 
Fig. 73: Comparison of temperature (°C) values at different stations on 16-17 September 2022 
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Fig. 74: Comparison of oxygen (%) values at different stations on 16-17 September 2022 

Monitoring of water dynamics and physiochemical characteristics can be widely exploited in port 
areas to improve the management of issues related both to environmental and maritime aspects. 
Indeed, the difficulties that port operators must manage within such busy environments vary greatly. 
Following the current expansion of maritime traffic, including the growth of vessels size, ports 
underwent a process of increasing their complexity, concerning not only their physical logistics 
aspects, but also Information and Communication Technology (ICT) infrastructures (Córdova and 
Pahl, 2019). Thus, having instruments recording and transmitting water dynamic data in real time 
can improve the ICT system, providing for an important tool directly available to port operators who 
actually have to deal with safety of navigation. Furthermore, a well-structured real-time monitoring 
network, which includes both dynamics and physicochemical parameters, can be widely exploited 
for managing several aspects related to ports, including environmental issues. In fact, port areas may 
be subjected to different environmental threats, as also identified by the European Sea Ports 
Organization (ESPO) (Darbra et al., 2009), which include oil and chemical spills, bunkering, ship 
discharge, hazardous cargo, dredging activities, use of antifoulants, dry bulk cargo releases, garbage, 
and ship grounding or sinkings (Walker et al., 2019). It should also be considered that environmental 
pollution in ports is generated not only by large-scale accidental events, but also by routine operations 
and activities that lead to a slow but steady dispersion of contaminants that can cause even worse 
scenarios in the long-term (Ng and Song, 2010). Thus, the possibility of continuously monitoring 
currents and physicochemical parameters of the water column could help in knowing the patterns of 
distribution and dispersion of contaminants both under normal port operating conditions and during 
environmental emergencies. The current worldwide port development also led to physical impacts, 
which overall affect the morphology of the area and thus dynamic and characteristics of the water 
column, as for example the alteration of bathymetry, changes in sediment transport and 
sedimentation, and increased tidal propagation (Saengsupavanich, 2011). For these reasons, every 
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project or renovation to be done in ports need to undergo mandatory procedures to be approved, as 
stated by the Environmental Impact Assessment (EIA) system, including monitoring actions and 
investigations regarding the existing environmental conditions of the site and the possible changes 
due to the modifications planned (Saengsupavanich, 2011). In this context, the presence of a 
monitoring network can facilitate these procedures, both at the design stage and during 
implementation and post-operam controls. Today, it is also very important that port realities are in 
line with the required sustainability standards, and that they are adapted to deal with environmental 
issues, as stated by the European Sea Ports Organisation (ESPO) (Darbra et al., 2005). There are 
several existing methodologies which can be exploited by port managers for identifying 
environmental aspects in seaports, and they all highlight different indicators that should be 
considered, including water quality monitoring (Antão et al., 2016; Darbra et al., 2005; Hossain et 
al., 2021). Hence, the monitoring network implemented in the presented project is also suitable as an 
important tool for this management aspect. Finally, it is important to emphasise one of the most usual 
operations that take place in port, namely dredging activities, which can pose a threat to both 
environmental aspects and the safety of navigation: in fact, dredging leads to the resuspension of 
sediments, and thus contaminants, but it can also change the morphology of the seabed and the 
dynamics of currents (Byrnes and Dunn, 2020; Cutroneo et al., 2017). In this context, the monitoring 
of water dynamics and characteristics is mandatory, and the presence of a fixed network can certainly 
facilitate and improve its realisation. In fact, ADCPs are already worldwide exploited for this purpose 
(Bishop and Dammann, 1996; Bufkin and Rivero, 1996; Ramírez-Macías et al., 2018; Trenaman and 
Marsden, 2003), and thus the monitoring network installed will greatly improve this aspect in the 
reality of the Port of Genoa.  

VI.4 CONCLUSIONS 

The monitoring network implemented under the Project SINAPSI was successfully completed within 
the timeframe of the Project. The use of four H-ADCP current meters, located in strategic areas, has 
enabled the acquisition of data useful for characterizing the dynamics of the water in the Port of 
Genoa. The data acquired during the period analyzed in this PhD Project made it possible to compare 
the velocity and direction of the currents and the prevalent winds that occurred in the area. The 
comparison between dynamics and environmental forcings showed a close relationship between the 
characteristics of the currents developing in the areas of interest and the pattern of prevailing winds. 
It was confirmed that the two main wind conditions occurring in the Genoa Port area are those already 
observed by previous studies and during the preliminary monitoring campaigns carried out in the 
present study. In fact, the prevalence of south-southeast and north-northeast winds characterizes this 
environment and generates the development of currents along the same directions. However, thanks 
to the data collected continuously from the installed fixed stations, it was possible to obtain additional 
information. In fact, the geometry created by the piers and breakwater strongly influences the 
dynamics within the Port, especially in the most critical areas, i.e., those at the entrance to the port 
area and where the maneuvering of large commercial ships takes place. Therefore, currents are 
affected by the presence of such fixed obstacles and tend to develop along the east-west direction. In 
addition, comparing the change in wind speed and currents over time, it was observed that the 
currents develop later than the wind. Furthermore, it is not always obvious to determine the direction 
of the currents based on that of the current wind, since for example the direction of the currents may 
be very different and even opposite to that of the wind if the wind has changed direction in the 
preceding immediate hours. Finally, it is evident from the data collected how the inclination of the 
breakwater, along which the main currents are generated, affects the direction of the currents. 
Therefore, it is evident from the data collected, the importance of being able to take advantage of 
real-time dynamics data in order to ensure safety while navigating and maneuvering ships in the port 
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area and to manage environmental aspects. To this end, the site developed during this Project 
provides public access to the data transmitted by the monitoring network and ensures the presence 
of an excellent tool available to the Port Authority and port operators. 

VI.5 FUTURE DEVELOPMENTS 

The implementation of the monitoring network carried out during this Project is an innovative 
element for the Port of Genoa, as such a real-time data acquisition system was not yet present. 
Moreover, during that Project, I was able to interact with different international realities and acquire 
interesting notions about the implementation of an efficient monitoring network such as those already 
in place in the Ports with which I had contact. This information was reported to the various Project 
SINAPSI Partners and discussed with them. This has been very useful in setting up the monitoring 
networks in the other Ports that took part in SINAPSI as well, and will be able to help the further 
development of the monitoring systems implemented. For example, thanks to the contact with 
professionals that manage the monitoring network in the Port of Venice, I have been able to 
understand the steps and the requirements necessary to transmit the data by the AIS system installed 
on vessels. Exploiting that information, it will be possible in the next future to modify and update 
the monitoring network installed in the Port of Genoa, in a way to transmit the data in a proper format 
that can be used within the AIS system. Therefore, the monitoring network will be improved and will 
be part of an important international system for transmission of data for navigation.  
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