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Abstract

The Taranto basin, a complex marine ecosystem with typical lagoon features, has been declared Site of National Interest (SIN)
because of serious contamination of marine sediment. Since February 2014, The Coastal Engineering Laboratory (LIC) of
DICATEC of the Polytechnic University of Bari (Italy) maintains a place-based research programme in the Mar Grande and
Mar Piccolo of Taranto, providing records of hydrodynamic and water-quality measurements.

Taranto, like the rest of Italy, had a lockdown since March 2020 which has reduced the industrial activity which is the main
source of human stress on the ecosystem of the Mar Piccolo and Mar Grande. Here, the impact of COVID-19 lockdown on sea
surface temperature SST is investigated using the satellite and in situ measurements. Rising sea surface temperatures related
to global warming are increasingly affecting marine habitats and people who depend on them.
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1. Introduction

Coastal sites with typical lagoon features are
extremely vulnerable. The coastal environment is
a dynamic ecosystem in which natural and
anthropogenic processes interact, modifying its
geomorphological, physical and biological
characteristics (Boero et al, 2016). Taranto
coastal area is classified as a "Site of National
Interest” (SIN) and it is composed of two parts: the
Mar Grande and the Mar Piccolo. Due to its semi-
enclosed features, the Taranto coastal area is
characterised by a limited sea water circulation
and is particularly vulnerable and
disproportionately affected by the impacts of
anthropic activities.

The semi-closed basin of the Mar Grande of
Taranto (De Padova et al,, 2017, 2020), located in
the internal part of the Ionian Sea, in southern
[taly, is separated from that of the Mar Piccolo by a
head that closes it in a gulf, oriented towards the
artificial island which constitutes the original
nucleus of the city, connected to the rest of the
territory through the Porta Napoli bridge and the
swing bridge. Capo San Vito, the Cheradi Islands of
San Pietro and San Paolo and the island of San
Nicolicchio form a small archipelago that perfectly

closes the ideal arch created by the bay of the Mar
Grande, thus separating the latter from the lonian
Sea.

Taranto coastal area represents a rich and
fragile resource, subject to modifications caused
by both natural variations and anthropic activities
(De Serio & Mossa, 2015). It is characterized by
continual diffusion of contaminants with a strong
ecological risk to the marine ecosystem and
human health (De Padova et al, 2020). It
undergoes a considerable amount of pollution
caused by both heavy industry and the military
shipyard (De Padova et al., 2023).

Although this coastal area is exposed to urban
and industrial discharges as well as intense naval
traffic, the hydrogeological characteristics of the
Taranto coastal area have favoured the
distribution of transitional habitats and a very
high biodiversity (Carlucci et al., 2020).

In the Mar Grande and in the northern part of
both bays of Mar Piccolo, there are some
underwater springs called “citri”, which bring
fresh water mixed with brackish water.

The two most important ones are the citro Galeso
in the First Bay near the Galeso river, and the citro
Le Kopre, in the northeastern part of the First Bay
(Umgiesser et al, 2007). The submarine fresh
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water sources have a karst origin and their flux,
coming from the sea bottom up to the surface,
sometimes creates “rings” with considerable
extension. The presence of these freshwater inputs
influences the basin salinity gradients giving it the
typical characteristics of a transitional
environment (De Pascalis et al.,, 2016).

As reported for various coastal systems many
[talian estuarine and coastal waters have changed
from balanced and productive ecosystems to ones
experiencing sudden trophic changes, biochemical
alterations and a deterioration in the quality of
natural habitats. The increase in the rate of supply
of organic matter, the nutrients loading and the
scarce hydrodynamism, determined strong
eutrophication events in the area of Mar Grande
and Mar Piccolo (Alabiso et al, 1997, 2005;
Caroppo & Cardellicchio, 1995; Cardellicchio et.,
2016).

Many studies showed that there is a water
exchange between Mar Grande and Mar Piccolo
(De Pascalis et al, 2015) so for this reason is
important to understand water quality conditions
of Mar Grande. It is characterized peridodically by
periods of homogeneity of water columns occur.
Therefore, also in the first Bay, the stratification is
sharp as in the second inlet because of water
exchange with Mar Grande. Owing to this situation,
different mixing speeds for nutrients take place
between the second inlet and the Mar Grande-first
inlet (Alabiso et al., 1997).

Alabiso et al. (2005) showed a seawater
temperature positive trend during the years and
chlorophyll, Organic Matter and Dry Weight data
pointed out a condition of progressive
eutrophication, moving from Mar Grande to Mar
Piccolo.

For these reasons is important study the
changes of physical-biogeochemical parameters
due to anthropogenic activities and climate change
in Mar Grande.

The changes of temperature, salinity and
primary production (associated at growth of
chlorophyll and organic matter) fuels
mineralization processes, stimulating both aerobic
and anaerobic metabolism, and nutrient recycling
back to the water column by enhancing benthic
fluxes.

Therefore, it needs to receive constant and
rigorous environmental monitoring action (Di Leo
et al,, 2013; Armenio et al., 2016, 2017, 2019; De
Serio et al,, 2020).
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Moreover, field measurements are often
limited in time and space, and for this reason is
important to carry out long-term monitoring of
hydrodynamics, chemical and physical parameters
especially in this case of shallow basins subjected
to strong anthropization and urban discharges
(Armenio et al, 2018a, b). Consequently, the
planning and management of coastal activities
play a very important role.

Furthermore, environmental monitoring of the

waters in the Gulf of Taranto is of paramount
importance, not only to preserve the natural
ecosystem but also to safeguard the city's rich
cultural heritage. In fact, from a cultural
perspective, Taranto is a city steeped in history
and heritage. Its history is deeply intertwined with
the sea, with a maritime tradition dating back
millennia. The sea has played a crucial role in the
city's daily life, influencing its culture, cuisine, and
economy.
These two seemingly distinct realms - the natural
environment and the anthropogenic cultural
legacy - are inextricably intertwined, forming a
delicate balance that underscores the city's unique
identity and historical significance.”

Furthermore, the waters of the Gulf of Taranto
are also the site of numerous ancient shipwrecks,
valuable testimonies to the maritime history of the
region. These underwater archaeological sites are
an integral part of Taranto's cultural heritage and
require rigorous protection from negative impacts
on the marine environment.

For these reasons, the conservation and
environmental monitoring of the waters of the Gulf
of Taranto are essential not only to preserve the
marine ecosystem but also to ensure the
continuity of the city's cultural heritage.

The COVID-19 lockdown provided an
opportunity to examine the effect of reduced
anthropogenic activities on the environment.
Research was carried out in order to obtain an
understanding of the nature of respiratory clouds
(De Padova et al, 2021) and the SARS-CoV-2
spreading from wastewater treatment facilities to
natural water bodies (Wang et al.,, 2020; Yusoff et
al,, 2021).

Many studies have reported that the effect of
COVID-19 lockdowns promoted the reduction of
pollution. In Braga et al. (2020) a quantitative
analysis of suspended matter patterns, based on
satellite-derived  turbidity, was performed
resulting in the evidence of high-water
transparency considered as a transient condition
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determined by a combination of natural seasonal
factors and the effects of COVID-19 restrictions.
However, it is yet unclear if its impact will be long-
or short-term (Depellegrin et al., 2020; Prakash et
al, 2021). Indeed, although a variability of Chl
concentration in accordance with a seasonal cycle
was observed from winter to fall 2020 in North
Adriatic Sea, a second order effect due to the
decrease of human activities could not be excluded
(Braga et al,, 2022).

The study by Elsaid et al. (2021) summarized
the observed environmental effects of COVID-19
as reported in the literature for different countries
worldwide. Many reports (Patel et al, 2020;
Selvam et al,, 2020; Yunus et al,, 2020; Liu et al,,
2021), have indicated improvements in the quality
of water resources, with decreased levels of
suspended matter and turbidity, as well as
reduced biological and chemical oxygen demand.
These improvements are attributed to the
decreased discharge of wastewater into these
bodies of water.

For a thorough review of COVID-19 epidemic
time impacts on the environment on a global scale,
the reader can refer to (Manoiu et al,, 2022).

Taranto, like the rest of Italy, had a lockdown
since March 2020 which has reduced the industrial
activity which is the main source of human stress
on the ecosystem of the Mar Piccolo and Mar
Grande. Here, the impact of COVID-19 lockdown
on sea surface temperature SST is investigated
using satellite and in situ measurements.

Rising sea surface temperatures related to
global warming are increasingly affecting marine
habitats and people who depend on them (Heron
et al.,, 2016; Chimienti et al., 2020, 2021).

2. Method and sampling

2.1 In situ data

In December 2013, as part of the RITMARE
flagship project, with funds from the PON R&C
2007-13 project provided by the Italian Ministry of
Education, Health and Research, a weather-
oceanographic station (station MG) was installed
in the Mar Grande basin with geographic
coordinates 40°27.6' N and 17°12.9" E (Fig. 1).
The local depth of this station is on average equal
to 23.25m. The elastic structure, called MEDA, is 6
meters high and is positioned 7 miles from the
coast.
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Fig. 1: Target area: location of the industrial discharges and
monitoring station

The monitoring station can boast numerous
tools, in order to obtain the time trend of different
hydrodynamics, chemical and physical
parameters. In detail, being also a meteorological
station, it provides measurements of wind speed
and direction detected by a Windsonic sonic
anemometer, but also data on air temperature and
humidity, atmospheric pressure and net solar
radiation. The atmospheric parameters are
measured at an average height of 1.5 m above sea
level. Furthermore, it 1is equipped with
oceanographic sensors, distributed along the
depth (5.6m below the sea surface), to measure
parameters such as water temperature, salinity,
dissolved oxygen, and the concentrations of
chlorophyll and dissolved organic material. The
structure is equipped with solar panels, connected
to 24 rechargeable 12 V batteries, and with a
special remote-controlled communication system
via mobile phone which allows for receiving the
measured data in real time. Data is collected
continuously every hour using an average of 60
measurements every 10s.

Further details on the MG station can be found
in (Mossa et al., 2021).

2.2 Remote sensing data and processing

Satellite derived sea surface temperature (SST)
was obtained by using data acquired by Landsat 8-
9. Specifically, the SST products are generated
from the Landsat Collection 2 Level-1 thermal
infrared bands, Top of Atmosphere (TOA)
reflectance and TOA brightness temperature and
other auxiliary data by the United States Geological
Survey (USG) and provided at a spatial resolution
of 30 m (Cook et al, 2014). Table 1 reports the
days of the available cloud-masked images
considered.
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Tab. 1: Landsat 8-9 dataset used for the analysis.

2018 2020
March 7 12
April 8 13, 29
May 26 22
June 2,11 7
July 4,13, 20, 29 2,9,18, 25
August 5,21, 30 3,10, 19, 26
September 6,15 4,11, 20,27

All available images for each month were
averaged to obtain maps of the monthly average
SST over the area of interest. To assess the
reliability of the satellite SST products and the
suitability of the dataset in representing the
monthly average, a comparison with the monthly
average SST data acquired by buoy in MG station
and the SST in correspondence of the MG station
was carried out. Considering the months from
March to September of both 2018 and 2020 a Root
Mean Squared Error (RMSE) of 1.5 °C, and a Mean
Bias (MBE) and Mean Absolute (MAE) Error of -0.9
°C and 1.2 °C, respectively, were obtained.
Moreover, scatterplot in Figure 2 reported a high
correlation resulting in a R2 equal to 0.96.

Results obtained suggest the potential of using
the satellite SST to investigate spatial distribution
of temperature differences from pandemic period
(2020) to pre-pandemic period (2018).
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Fig. 2: Scatter plot of satellite SST with in-situ SST
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3. Results and discussions

3.1 Meteo-oceanographic conditions during
lockdown

The wind and wave data, referred to the
period of lockdown (March 2020-April 2020),

have been processed. The directions of
propagation are shown in Figs 3.
The months of March-April 2020 are

characterized by winds that mainly come from S-
SW with peak intensities greater than 10 m/s.

In these months, a well-defined and evident path
can be recognized, with high waves that came from
N-NE and peak intensities in a high range of 0.9-
1.2 m.

Considering the monitoring carried out in
2014 (De Serio & Mossa, 2016), it can be stated
that also in this case it was not possible to find a
close correspondence between the wind
distribution and the significant wave distribution.

As described in the De Serio and Mossa (2016),
along the south-western border of the Mar Grande
there is a large opening that represents a
privileged passage for significant waves.
Therefore, the waves are not strictly locally
generated and their response is more controlled
by the topography of the region and by diffraction
rather than by transient wind forcing.
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(b)

Fig. 3: Polar plot of measured (a) wind and (b) waves in
March - April 2020.

3.2 Impact of lockdown on sea temperature, salinity
and chlorophyll: in situ data

The sea surface temperature (SST), Salinity (S) and
chlorophyll (Chl) data from the meteo-
oceanographic station (MG), have been processed
for both two years (2018 - 2020). Figure 4 shows
the sequence of monthly mean for SST, S and Chl.

A general growing trend of SST is evident for
the two considered years. However, the trend in
water temperatures shows different intensities for
the two years, with the highest values during 2018.
Moreover, 2018 was warming up faster than 2020.

The sequence of monthly mean highlighted a

general growing trend of salinity for 2020. Instead,
a general decreasing trend of salinity during
summer months of 2018 can be observed. These
different trends of SST and S between the two
years (2018 and 2020) can be due to a drastic
reduction in the leakage of cooling freshwater
water from industrial discharges during the two
months of the mandated nationwide lockdown.
In fact, the semi-closed basin of the Mar Grande of
Taranto slowly transports freshwater heated
water away from industrial discharges to the open
sea, and therefore is not able to minimize the
physical effects of cooling water on the aquatic
environment.

The trend in chlorophyll (Chl) shows a faster
decrease then the same period of 2018 (about a
month after the beginning of the Italian 2020
lockdown). Although such phenomenon might be
due to natural environmental conditions, such as
moderate winds, it is interesting this striking
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coincidence between the faster consistent Chl
concentration decrease, occurred a month after
the beginning of the Italian 2020 lockdown.
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Fig. 4: Trend of SST (a), Chl (b)and Salinity (c) during 2018
and 2020.

3.3 Impact of lockdown on SST: satellite-derived
maps

The monthly means SST maps obtained from
Landsat 8-9 data were used to calculate differences
from pandemic period (2020) to pre-pandemic
period (2018) for each month (from March to
September) (Fig. 5), as following:

Deltagsy, = SST;(2020) — SST;(2018) (1)
where i € {March, ..., September}.

March April

DeltaSST [ C ]
2020 - 2018
B
.5

= A

0 25 Skm
-_—)

Fig. 5: Deltassr maps from March to September covering the
Taranto Basin.
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While in March, April, July, and September
Deltassr shows overall values within the
interannual fluctuations due to environmental
conditions and uniformly spatially distributed
within the study area, significant negative values
of Deltasst are evident in May and June. This
behavior is also evident from measurements
acquired in situ in correspondence of MG location
(Fig. 1).

To evaluate the effects of discharges on the
measurement of Deltassr in the area interested by
industrial activities, 4 transects were considered
(Fig. 6): TR1 and TR2 located outside the areas
affected by discharges but close to them, TR3 in
correspondence with both ILVA1 and ILVA2
(Figure 1) discharges, and TR4 in front of the ENI
discharge. Only months from March to July were
considered to cover a time range from the
shutdown of industrial activities (March) until two
months after the restart of activities (July). On the
x-axis the number of pixels starting from the
closest ones to the coast is represented.

March April

DeltasST [ C ]
2020 - 2018

Fig. 6: Close-up of Deltassr maps from March to September of
the area interested by industrial discharges. The four
transects considered in the analysis are superimposed.

From the analysis it results that (Fig. 7):

1. all transects are characterized by an initial
condition in March denoting a warmer 2020
with respect to 2018;

2. in April Deltasst decreases reaching almost
zero, showing in the transects parts near the
industrial discharges negative values that
tend to reach zero moving away from the
coast. Thus, it seems that the lack of
contribution of industrial wastewater leads
to lower temperature values in 2020
compared to the pre-pandemic period;

3. May and June show strongly negative
Deltasst values. It seems that the industrial
inactivity produces the most visible effects
in May and that Deltassr slowly returns to its
initial state in July passing through an
intermediate condition in June;

4. Comparing May data for all the transects, it
results that TR3 presents the most negative
Deltasst values. In addition, a tendency to
increase when moving away from the coast
is also evident.
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Fig. 7: Deltasst profiles along the four transect
considered.

4. Conclusions

This study was conducted in a particular
climatic period, during which we are witnessing
climate changes, partly natural and partly due to
an anthropogenic impact, which are leading to a
progressive warming of the planet. This can lead to
a series of consequences on marine biodiversity
and good ecosystem functioning. This is why it is
necessary to study and monitor this rapid change.

During the COVID-19 lockdown we witnessed
the almost total closure of industries, man
"paused” all the most polluting activities, for this
reason the lockdown provided the opportunity to
study the effects of the reduction of transport and
other  anthropogenic activities on the
environment.

The oceans play a crucial role in the global
climate system. Life on Earth in terms of
productivity is directly influenced by the
characteristics of the oceans. The consequences of
COVID-19 lockdown have been substantial as
pollution levels have dropped significantly. The
lockdown due to pandemics has been reported to
have improved coastal ocean water and
atmospheric air quality.

For example, emissions of greenhouse gases,
nitrogen dioxide, carbon black have drastically
decreased.

This study, carried out in the semi-closed basin of
the Mar Grande of Taranto, showed a clear
difference regarding the trend of SST and salinity
during the months of the pandemic compared to
the pre-pandemic ones (year 2018); In particular,
the results highlighted that 2018 was warming up
faster than the 2020.

Instead, a general decreasing trend of salinity
during summer months of 2018 was observed
while a general growing trend of salinity for 2020
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was shown. These different trends of S between
the two years (2018 and 2020), can be due to the
lower supply of cooling water, fresh by the ENI and
[lva industries.

The trend in Chl showed a faster decrease then the
same period of 2018 (about a month after the
beginning of the Italian 2020 lockdown).
Moreover, Chl had a slight increase in the months
of April and May and then returned to normal
conditions.

Most likely the increase in Chl was due to natural
events, in fact during the months of April and May
there were strong storm surges due to the wind
coming mainly from S-SW which could have
brought nutrients from the open sea towards the
coast. Although such phenomenon might be due to
natural environmental conditions, such as
moderate winds, it is interesting this striking
coincidence between the faster consistent Chl
concentration decrease, occurred a month after
the beginning of the Italian 2020 lockdown.

The results obtained by using the satellite SST
to evaluate the effects of discharges on the
measurement of Deltassr in the area interested by
industrial activities highlighted that all transects
are characterized by an initial condition in March
denoting a warmer 2020 with respect to 2018.

For the transects near the industrial discharges,
the results showed that the lack of contribution of
industrial wastewater leads to lower temperature
values in 2020 compared to the pre-pandemic
period. The industrial inactivity has produced the
most visible effects in May and the Deltassr slowly
returned to its initial state in July passing through
an intermediate condition in June.

These results highlighted the importance of the

environmental monitoring of the vulnerable and
sensitive area of Taranto basin and the
preservation of the city's cultural heritage.
It has become evident that these two seemingly
separate domains are intrinsically linked, with the
health of one directly impacting the vitality of the
other.

By implementing comprehensive conservation
strategies and sustainable environmental
practices, we can ensure not only the protection of
the Gulf's fragile ecosystems but also the enduring
legacy of Taranto's cultural heritage for
generations to come.
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