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Since the beginning of the Industrial Revolution, anthro-
pogenic activities have emitted greenhouse gases that are
changing climate patterns worldwide, with exacerbated
trends in some areas (MedECC, 2020). Climate change con-
sequences are already detectable in many oceanic regions
(e.g., warming, acidification, deoxygenation), and they are
projected to intensify, affecting marine resources and the
livelihoods of the millions of people who rely on them.
Consequently, a well-equipped, multidisciplinary coastal
ocean observing system is needed to monitor long-term
patterns of the physical, chemical, and biological features
in seawater where the most vulnerable communities and
ecosystems coexist. The scientific understanding gained
from such an observing system can be used to help man-
agers and policymakers make informed decisions and
tailor strategies and plans that would improve the resil-
ience of coastal areas against climate change.

Here, we describe two coastal time-series stations,
one located in the Mediterranean Sea and the other in
the southwestern Atlantic Ocean, both in regions greatly
impacted by climate change.

FIGURE 1. Locations of coastal
time-series stations in the
Eastern Mediterranean off
Lebanon and in the south-

western Atlantic off Argentina.

COASTAL MONITORING IN LEBANON

Time-series stations in the Mediterranean Sea are still
scarce and not equally distributed within its sub-basins,
a significant obstacle in characterizing physical, chemical,
and biological trends with good temporal and geographic
coverage in a sea undergoing multiple changes due to cli-
mate change. We discuss two time-series stations located
offshore Lebanon in the southeast Mediterranean Sea,
an understudied area (Figure 1). Since 1999, stations B1
and B2, 5 km off the coast, have been sampled monthly in
the upper 80 m for temperature, salinity, nitrates, nitrites,
phosphates, plankton, and chlorophyll-a. Chemical vari-
ables added in 2012 include total alkalinity, total dissolved
inorganic carbon, pH, dissolved oxygen, and silicates. In
addition, since 2012, research vessel CANA has sampled
station A3, located 10 km off the coast, seasonally for the
parameters listed above down to ~900 m depth.

Annual trends for the carbonate system for the period
2012-2017 demonstrate acidification in Lebanese waters
(-0.0021 + 0.001 pH units per year in the upper 80 m;
Figure 2d; Hassoun et al., 2019). Further, annual variabil-
ity in temperature since 1999 shows a warming trend of
0.09°C per year (Figure 2a; Ouba et al., 2016). Figure 2 also
presents salinity and dissolved oxygen, although no distinct
patterns are yet noted. At these stations, phytoplankton
(microscopic marine algae) and zooplankton (microscopic
marine organisms) populations and bottom- and water
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COASTAL MONITORING IN ARGENTINA

At the same time and in a different hemisphere, another
coastal monitoring effort is providing valuable climate
change information. The Nuevo Gulf Oceanographic
Station (Golfo Nuevo Estacion Oceanografica, GNEO),
one of the first time-series oceanographic monitoring
stations in Patagonia, Argentina, measures the temporal
variability of physical, chemical, and biological processes
in these waters. Sampling at Puerto Madryn’s pier sup-
ports evaluation of seasonal and interannual variations
in temperature, nutrients, and measured pH in the water
column; the dynamics of the marine plankton community
(chlorophyll-a and phytoplankton and zooplankton iden-
tification); and the intensity and concentration of dust in
the atmosphere. Temperature has been measured contin-
uously since 2010 (Rivas et al., 2016), while measurement
of other discrete variables began in 2018 when the GNEO
was created. GNEO supplies data to the Argentine Marine
Observatories Network (Red de Observacién Marina
Argentina, ROMA), the first national collaborative coastal
physical and ecological time-series monitoring network,
which collects measurements at several sites along the
Argentine Sea and in Antarctic waters.

Preliminary results show wide annual temperature
variability in Nuevo Gulf that is characteristic of temper-
ate mid-latitude waters (Figure 3a). Chlorophyll-a presents
a single peak of high concentration that is related to the
austral spring phytoplankton bloom (Figure 3b). As the
phytoplankton grow, nutrient concentration decreases in
spring (Figure 3c). It will be possible to derive interannual
variability and long-term trends for all parameters (tem-
perature, chlorophyll, nutrients, and pH, among others) as
this time series grows longer. These variables may allow
us to detect changes that reflect some alterations in the
local environment. Carbonate system and dissolved oxy-
gen trends, variables directly connected with the anthro-
pogenic CO, emissions, will also be assessed to help gauge
the health of the gulf ecosystem.

COMMON OPPORTUNITIES AND OBSTACLES:
MONITORING FOR “THE OCEAN WE WANT”
Participation in international networks enables scientific
groups to address an important challenge of the UN Ocean
Decade for Sustainable Development: to ensure a sus-
tainable ocean observing system that delivers accessible,
timely, and actionable data and information to all users. In
this context, both time-series areas are part of the Global
Ocean Acidification Observing Network (GOA-ON). In addi-
tion, these stations are also part of the NANO-DOAP net-
work, a global study of coastal deoxygenation, ocean acid-
ification, and productivity at selected sites.
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FIGURE 3. Variability of physico-chemical parameters measured
monthly at Argentina’s station in the southwestern Atlantic Ocean.

Monitoring stations are great platforms for promoting
ocean literacy and public engagement. Associated training
programs and capacity development activities offer oppor-
tunities for students to gain experience in an integrated,
multidisciplinary oceanography field. We emphasize the
importance of maintaining such coastal monitoring stations
and increasing their numbers to gain more insights into
how marine environments are coping in a changing ocean,
particularly in coastal and marginal seas where global phe-
nomena are exacerbated by local human activities. Time-
series studies are crucial to enabling society to understand
current and future ocean conditions, to increasing commu-
nity resilience to ocean hazards, and to promoting mitiga-
tion strategies that protect marine ecosystems. The main
challenge is to maintain the frequency of these coastal
monitoring stations to guarantee production of high-quality
data compatible with GOA-ON's climatic data requirements
and in line with UN Sustainable Development Goal 14.3.1
on ocean acidification data reporting.
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