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Introduction

This report presents a description of the biogeochemical properties of the Adriatic and
Ionian basins in the 21st century (the physical properties are described in D 4.1.2) under
emission scenarios RCP4.5 and RCP8.5 (IPCC, 2014: AR5). The analysis is based on
two datasets, spanning the 2005-2100 time period, provided by the offline coupling
between the physical MFS16 (Oddo et al., 2009; Cavicchia et al., 2011) and the transportbiogeochemical OGSTM-BFM (Lazzari et al., 2012; 2016; Cossarini et al., 2015) models.
Results of the scenario simulations cover the entire Mediterranean Sea and have a spatial
resolution of 1/16° in the horizontal direction, while the vertical discretization considers
70 unevenly-spaced levels. The datasets have been produced by OGS (www.inogs.it)
using the computational resources available at the CINECA supercomputing center
(www.cineca.it). Data and figures of the present deliverable have been, respectively,
reprocessed and generated specifically for the Adriatic and Ionian basins.
The evolution of the biogeochemical conditions in the 21st century under the proposed
scenarios integrates analysis of the present-day conditions provided in deliverable 4.2.1.
Given the consistency of the models and the domain of both the reanalysis and scenario
simulations, the anomalies provided in the present report can be combined (summed) to
the mean concentration values of the present-day condition (provided in D 4.2.1) to obtain
the projected concentration values of the biogeochemical variables in the 21st century.
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The MFS16/OGSTM-BFM modelling system: the biogeochemical
component

The present deliverable is the companion of deliverable D 4.1.2, describing the
MFS16/OGSTM-BFM physical-biogeochemical modelling system. Only a brief summary
of the MFS16/OGSTM-BFM is depicted hereafter, focusing on its biogeochemical
component.
The integrated physical-biogeochemical dataset covers the period 2005-2100. Data have
a spatial resolution of 1/16°, which satisfies the requirements of the other WPs relying on
hydrodynamic/biogeochemical output fields. Model domain is composed of 70 unevenlyspaced vertical levels at the depth of (from surface to bottom, in meters): 1.5, 4.6, 8.0,
11.6, 15.5, 19.6, 24.1, 29.0, 34.2, 39.7, 45.7, 52.2, 59.1, 66.4, 74.4, 82.9, 92.0, 102, 112,
124, 136, 148, 162, 177, 193, 210, 228, 247, 268, 290, 313, 339, 366, 395, 426, 458,
494, 532, 572, 615, 661, 710, 763, 819, 878, 943, 1011, 1084, 1162, 1245, 1334, 1428,
1529, 1637, 1751, 1874, 2004, 2143, 2291, 2448, 2616, 2795, 2985, 3187, 3402, 3631,
3874, 4132, 4406, 4698.
The integrated dataset includes monthly fields of fourteen 3D variables and three 2D
variables. Three dimensional variables are temperature, salinity, meridional and zonal
currents, chlorophyll-a, nitrate, phosphate, dissolved oxygen, phytoplankton carbon
biomass, pCO2, alkalinity, pH and net primary production. The two dimensional variables
are sea surface height, bottom values of temperature and bottom values of oxygen. The
model domain encompasses the Mediterranean Basin (8.81°W-36.25°E and 30.1875°N45.9375°N) and part of the Atlantic Ocean, in order to better resolve the exchanges at the
Strait of Gibraltar. The MFS16 model computes the air-sea fluxes of water, momentum
and heat using specific bulk formulae tuned for the Mediterranean Sea (see details in
Oddo et al., 2009) applied to the results of the atmospheric model CMCC-CM (extensively
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described in Scoccimarro et al., 2011). Moreover, a bias correction is applied to the
atmospheric fields based on a 3-step stepwise procedure that uses the ERA-Interim
dataset (Dee et al., 2011). The three steps are: re-gridding of ERA-interim fields on the
CMCC-CM grid, computation of monthly biases between CMCC-CC model and ERAInterim reanalysis for the present condition and, finally, addition of the biases to the
original fields produced by the climate model. The biogeochemical data are produced
using the OGSTM-BFM modeling system which is based on the transport model
OGSTMv2.0 and the biogeochemical reactor Biogeochemical Flux Model BFMv5 (Lazzari
et al., 2012, 2016; Cossarini et al., 2015, and references therein).
The physical model (described in D 4.1.2) provides the transport-biogeochemical
OGSTM-BFM model with the temporal evolution of daily 3D fields of horizontal and
vertical current velocities, vertical eddy diffusivity, potential temperature, salinity, in
addition to surface data for solar shortwave irradiance and wind stress. The transportbiogeochemical reactor simulates the dynamics of nine plankton functional types (4
phytoplankton

functional

groups:

diatoms,

flagellates,

picophytoplankton

and

dinoflagellates; four zooplankton groups; one bacteria), the biogeochemical cycles of 5
chemical compounds (carbon, nitrogen, phosphorus, silica, and oxygen) through the
dissolved inorganic, living organic and non-living organic compartments, and the
carbonate system resolving the dynamics of pCO2, acidity and carbon pump.
Two future emission scenarios, RCP4.5 and RCP8.5 (Moss et al., 2010), are used to
force the atmospheric module of the CMCC-CM model and subsequently the coupled
physical-biogeochemical MFS16-OGSTM-BFM model of the Mediterranean Sea. In
particular, the RCP4.5 represents an intermediate scenario where CO2 emissions peak
around 2040 (causing the maximum increase in CO2 concentration, Fig. 1), then decline
(with a resulting plateau in the CO2 concentration). As a consequence, at the end of the
21st century, the atmospheric pCO2 will be around 560-580 ppm (Fig.1) and atmospheric
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temperature will increase of 1.8 (1.1 to 2.6)°C with respect the present-day condition. In
the worst-case scenario RCP8.5, the CO2 emissions will continue to rise throughout the
21st century, the pCO2 concentration will rise to 1200 ppm (Fig. 1) at the end of the 21st
century, and the temperature increase will be of 3.7 (2.6 to 4.8)°C (IPCC, 2014: AR5).

Figure 1 - Atmospheric pCO2 concentration under different future scenarios
used for the climate modeling of the IPCC fifth Assessment Report
(From: https://en.wikipedia.org/wiki/Representative_Concentration_Pathway; data: IPCC, 2014 - AR5)
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Methodology for the future scenario analysis

A specific simulation and analysis protocol has been implemented in order to disentangle
the climate change signal from the spurious signal due to the inaccuracies of the
numerical model. In fact, long term biogeochemical simulations can be affected by errors
related to the numerical accuracy and the not perfectly balanced set up of boundary
conditions, transport process and internal element cycle formulations of the
biogeochemical model. Errors can accumulate during the simulation, generating drifts in
the evolution of the variables that can overlap and partially hide the climate signals. Thus,
the protocol consists of two 100-years simulations: one reproducing repeatedly an
average condition (i.e., control simulation, hereafter CTRL) and a second one
reproducing the climate scenario. In particular, the control run consists of a simulation
performed by using the forcing of the period 2005-2014 looped over the entire time period
of the simulation (2005-2100). The difference between the two simulations provides the
evolution of the variable due to the future climate forcing (Fig. 2).

Figure 2 - Scheme of the simulation and analysis protocol.
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In the analysis phase, being X a 3D monthly variable, we computed its annual timeseries
Xk with k=2005, ..., 2099 considering the following vertical averaged layers: 0-50 m, 50100 m, 100-200 m, 200-500 m and 500-800 m. Then we defined for each Xk the following
variable X_EvoSCEN,k (with k=2005, ..., 2099) as:
X_EvoSCEN,k =[XSCEN,k – XCTRL,k]

(1)

where XSCEN,k and XCTRL,k are the annual timeseries of Xk for the climate scenario (i.e.,
RCP4.5 or RCP8.5) and the control simulation (CTRL), respectively. Hereafter, if not
differently reported, all the mean annual concentration timeseries presented refer to
X_EvoSCEN,k. In the order to point out the variation of each variable X with respect to the
present climate state period (2005-2020, hereafter PRESENT) the following periods have
been selected: four 5-year periods 2021-2025, 2026-2030, 2031-2035, 2036-2040
(hereafter NEAR-FUTURE), and two 20-year periods 2040-2059 (hereafter MIDFUTURE) and 2080-2099 (hereafter FAR-FUTURE). Moreover we introduced the
quantity X_ANOMperiod. More specifically being the period chosen for example MIDFUTURE or FAR-FUTURE (both will be discussed in this deliverable as they are 20years-long periods which allow for a robust average computation removing the effects of
the interannual variability) the anomaly of the two periods with respect to the PRESENT
are named as X_ANOMMID-FUTURE and X_ANOMFAR-FUTURE , respectively, and computed
as:
X_ANOMMID-FUTURE =EvoX_SCEN-MID-FUTURE- EvoX_SCEN-PRESENT

(2)

X_ANOMFAR-FUTURE=EvoX_SCEN -FAR-FUTURE- EvoX_SCEN-PRESENT

(3)

where EvoX_SCEN-MID-FUTURE, EvoX_SCEN-FAR-FUTURE and EvoX_SCEN-PRESENT are the averages
of the annual means of the scenario (EvoX_SCEN,k) for the MID-FUTURE, FAR-FUTURE
and PRESENT periods, respectively. Hereafter, if not differently specified, all the mean
concentrations shown later in the maps will be represented by X_ANOM.
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The analysis of the future scenario is integrated by the time series of the annual
anomalies computed as:
<X_ANOMk >=<Evox_SCEN,k> - < EvoX_SCEN-PRESENT >

(4)

where < > represents the spatial average calculated over the three GSA areas and the
inshore (area shallower than 200 m) and off-shore (area deeper than 200m) zones.
It is worth to note that the climate scenario anomalies (timeseries and reference period
maps presented in the next sections) can be used conjunctly with the assessment of the
present-day condition (deliverable D 4.2.1) to eventually reconstruct the future actual
values of the biogeochemical variables. Indeed, given the consistency of the models
domain configuration between reanalysis (deliverable D 4.2.1) and climate simulations
(present deliverable), the layers of the future scenario anomalies can be directly
combined with the layers of the present-day average conditions in the FAIRSEA web
portal.

Biogeochemical characteristics of the Adriatic Sea and Northern
Ionian Sea in the future climate scenarios (GSA 17-18-19)

In this section we analyze the spatial patterns and temporal behavior of the
biogeochemical properties in the Adriatic and Ionian systems in future climate under
emission scenarios RCP4.5 and RCP8.5, with a specific focus on the period 2040-2059
(hereafter MID-FUTURE) and 2080-2099 (hereafter FAR-FUTURE).
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Dissolved Nitrogen

Figures 3 and 4 shows the mean annual anomalies of dissolved inorganic nitrogen (DIN)
for the MID-FUTURE period with respect the PRESENT under the emission scenarios
RCP4.5 and RCP8.5, respectively. The FAR-FUTURE anomalies for the two scenarios
are shown in the Figures 5 and 6. The distribution of DIN anomalies shows a substantial
increase in the concentration in the relatively shallow northern Adriatic and along the
Italian coast and a general decrease in all off-shore areas of the Adriatic and Ionian Sea
in MID-FUTURE of both scenarios. Coastal increases are mainly due to changes in basin
circulation. It is worth to remind that nutrient loads from rivers of the future scenario are
set constant and equal to the present-day condition. At the present stage, no information
on the evolution of the nutrient loads in the Mediterranean region for the 21st century are
available.
An increase in the vertical stratification of the water column is responsible for the negative
anomaly observed in the Southern Adriatic Sea and only partially in the Ionian Sea, where
in turn, we observed a slight increase in the concentration of nutrient in the southern part
mostly influenced with the inflow of Atlantic water.
At the end of the 21st century, an increase of nitrogen concentration is simulated in both
scenarios (stronger in RCP8.5) below 500 m due to the accumulation of the nutrient which
is less efficiently transported upwards by the vertical winter mixing processes.
The time-series of the mean spatial DIN anomalies for inshore (Fig. 7) and offshore (Fig.
8) areas in RCP4.5 (left panel) and RCP8.5 (right panel) scenarios are shown for the
three GSA areas: Northern Adriatic (SGA17), Southern Adriatic (GSA18) and Ionian
(GSA19). Surface concentration of DIN does not present any significant long term
changes in both inshore and offshore areas for the three GSA areas. Below the surface,
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all three areas show a decline after 2030, which is more remarkable in the Adriatic Sea
and, in particular, in the offshore areas.

Figure 3 - Mean dissolved inorganic nitrogen (DIN) anomaly (mmol/m3) in the MID-FUTURE of the RCP4.5
scenario in the five layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m

Figure 4 - Mean dissolved inorganic nitrogen (DIN) anomaly (mmol/m3) in the MID-FUTURE of the RCP8.5
scenario in the five layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m
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Figure 5 - Mean dissolved inorganic nitrogen (DIN) anomaly (mmol/m3) in the FAR-FUTURE of the RCP4.5
scenario in the five layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m

Figure 6 - Mean dissolved inorganic nitrogen (DIN) anomaly (mmol/m3) in the FAR-FUTURE of the RCP8.5
scenario in the five layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m
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Figure 7 - Annual timeseries of dissolved inorganic nitrogen anomalies (mmol/m3) in the three inshore (depth
less than 200 m) areas of the Adriatic-Ionian Sea: GSA17 - northern Adriatic (blue), GSA18 - southern Adriatic
(red) and GSA19 - Ionian (green). Timeseries cover the 2005-2099 period for the two emission RCP4.5 (left)
and RCP8.5 (right) scenarios.
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Figure 8 - Annual timeseries of dissolved inorganic nitrogen anomalies (mmol/m3) in the three offshore
(deeper than 200 m) areas of the Adriatic-Ionian Sea: GSA17 - northern Adriatic (blue), GSA18 - southern
Adriatic (red) and GSA19 - Ionian (green). Timeseries cover the 2005-2099 period for the two emission
RCP4.5 (left) and RCP8.5 (right) scenarios.
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Phosphate

Phosphate (PO4) anomalies computed for the MID-FUTURE and FAR-FUTURE under
the two emission scenarios are shown in the maps of Figs. 9-12. Phosphorus is
considered the limiting nutrient for phytoplankton growth in the Mediterranean Sea
(Lazzari et al., 2016). The distribution of surface phosphate anomalies (0-50 m) shows
some similarities with that observed for the DIN: a slight increase of concentration in the
northernmost part of the Adriatic sea and a widespread decrease in the offshore Adriatic
Sea and Ionian Seas in the MID-FUTURE. A decrease of concentration of phosphate
below the surface in both scenarios is shown for the MID-FUTURE (Fig. 9 and 10) while
an accumulation of phosphate in the 500-800 m layer of the Ionian is foreseen at the end
of the century of the RCP8.5 scenario. As already observed for DIN, the decrease of
phosphate in the intermediate layers of the Adriatic-Ionian basin takes place mainly after
2030 (Figs.13-14) in both inshore and offshore areas.
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Figure 9 - Mean phosphate (PO4) anomaly (mmol/m3) in the MID-FUTURE of the RCP4.5 scenario in the five
layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m

Figure 10 - Mean phosphate (PO4) anomaly (mmol/m3) in the MID-FUTURE of the RCP8.5 scenario in the five
layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m

17

Figure 11 - Mean phosphate (PO4) anomaly (mmol/m3) in the FAR-FUTURE of the RCP4.5 scenario in the five
layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m

Figure 12 - Mean phosphate (PO4) anomaly (mmol/m3) in the FAR-FUTURE of the RCP8.5 scenario in the five
layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m
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Figure 13 - Annual timeseries of phosphate anomalies (mmol/m3) in the three inshore (depth less than 200 m)
areas of the Adriatic-Ionian Sea: GSA17 - northern Adriatic (blue), GSA18 - southern Adriatic (red) and GSA19
- Ionian (green). Timeseries cover the 2005-2099 period for the two emission RCP4.5 (left) and RCP8.5 (right)
scenarios.
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Figure 14 - Annual timeseries of phosphate anomalies (mmol/m3) in the three offshore (deeper than 200 m)
areas of the Adriatic-Ionian Sea: GSA17 - northern Adriatic (blue), GSA18 - southern Adriatic (red) and GSA19
- Ionian (green). Timeseries cover the 2005-2099 period for the two emission RCP4.5 (left) and RCP8.5 (right)
scenarios.

20

Phytoplankton biomass and chlorophyll

The maps of Figures 15-18 and Figures 21-24 shows the anomalies in the two future
periods under the emission scenario RCP4.5 and RCP8.5 for the two variables:
phytoplankton biomass and chlorophyll, respectively. Given the tight relationship between
carbon biomass of phytoplankton and its chlorophyll-a content, the future scenario
simulations predict highly correlated anomalies for these two variables. In fact, both
variables show a decrease in the concentrations at the surface (0-50 m) and subsurface
(50-100 m) in both scenarios and periods. The decrease is due to the increase of the
ecosystem metabolism induced by the rise of water temperature (see D 4.1.2). Indeed
the increase of losing processes (i.e., respiration and mortality) exceeds the increase of
the production processes (Lazzari et al., 2014). Two small spotty areas with positive
anomalies at surface are identified in the northernmost part of the Adriatic and southwestern part of the GSA 19. An slight increase in the concentration of phytoplankton
biomass and chlorophyll-a is also depicted in the 100-200 m layer of the Ionian sea, and
it is associated with a change of the location of the deep chlorophyll-a maximum.
The figures 19-20 (phytoplankton carbon biomass) and 25-26 (chlorophyll) show the
corresponding anomaly timeseries of three GSA areas in their inshore (Fig. 19 and Fig.
25) and offshore zones (Fig. 20 and Fig. 26). The decreases of phytoplankton biomass
and chlorophyll become clearly evident after 2030-2040 (i.e., overcoming the interannual
variability) and continue till the end of the century, and it is more marked in the RCP8.5
scenario due to the stronger increase of temperature.
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Figure 15 - Mean phytoplankton carbon biomass (PHYC) anomaly (mgC/m3) in the MID-FUTURE of the
RCP4.5 scenario in the five layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m

Figure 16 - Mean phytoplankton carbon biomass (PHYC) anomaly (mgC/m3) in the MID-FUTURE of the
RCP8.5 scenario in the five layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m
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Figure 17 - Mean phytoplankton carbon biomass (PHYC) anomaly (mgC/m3) in the FAR-FUTURE of the
RCP4.5 scenario in the five layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m

Figure 18 - Mean phytoplankton carbon biomass (PHYC) anomaly (mgC/m3) in the FAR-FUTURE of the
RCP8.5 scenario in the five layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m
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Figure 19 - Annual timeseries of phytoplankton biomass anomalies (mgC/m3) in the three inshore (depth less
than 200 m) areas of the Adriatic-Ionian Sea: GSA17 - northern Adriatic (blue), GSA18 - southern Adriatic
(red) and GSA19 - Ionian (green). Timeseries cover the 2005-2099 period for the two emission RCP4.5 (left)
and RCP8.5 (right) scenarios.
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Figure 20 - Annual timeseries of phytoplankton biomass anomalies (mgC/m3) in the three offshore (deeper
than 200 m) areas of the Adriatic-Ionian Sea: GSA17 - northern Adriatic (blue), GSA18 - southern Adriatic
(red) and GSA19 - Ionian (green). Timeseries cover the 2005-2099 period for the two emission RCP4.5 (left)
and RCP8.5 (right) scenarios.
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Figure 21- Mean chlorophyll (CHL) anomaly (mgC/m3) in the MID-FUTURE of the RCP4.5 scenario in the five
layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m

Figure 22 - Mean chlorophyll (CHL) anomaly (mgC/m3) in the MID-FUTURE of the RCP8.5 scenario in the five
layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m
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Figure 23 - Mean chlorophyll (CHL) anomaly (mgC/m3) in the FAR-FUTURE of the RCP4.5 scenario in the five
layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m

Figure 24 - Mean chlorophyll (CHL) anomaly (mgC/m3) in the FAR-FUTURE of the RCP8.5 scenario in the five
layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m
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Figure 25 - Annual timeseries of Chlorophyll-a concentration anomalies (mgChl-a/m3) in the three inshore
(depth less than 200 m) areas of the Adriatic-Ionian Sea: GSA17 - northern Adriatic (blue), GSA18 - southern
Adriatic (red) and GSA19 - Ionian (green). Timeseries cover the 2005-2099 period for the two emission
RCP4.5 (left) and RCP8.5 (right) scenarios.
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Figure 26 - Annual timeseries of Chlorophyll-a concentration anomalies (mgChl-a/m3) in the three offshore
(deeper than 200 m) areas of the Adriatic-Ionian Sea: GSA17 - northern Adriatic (blue), GSA18 - southern
Adriatic (red) and GSA19 - Ionian (green). Timeseries cover the 2005-2099 period for the two emission
RCP4.5 (left) and RCP8.5 (right) scenarios.
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Primary production

Net primary production (NPP) anomalies computed for the MID-FUTURE and FARFUTURE under the two emission scenarios are shown in the maps of Figs. 27-30. NPP
is the difference between the carbon fixed during the photosynthesis and the one
consumed during the respiration. As reported in the present-day report (D 4.2.1), the
mean annual values of NPP at surface are around 7-10 mg/m3/day in the off-shore areas
and up to 20-30 mg/m3/day in the inshore areas. Then, the productivity values decay
rapidly to 0 in the subsurface layer because of the light limitation.
At the surface (0-50 m) layer, the MID-FUTURE shows a quite small negative anomaly of
around 0.25-0.5 mg/m3/day with respect to the present-day condition in both scenarios,
whereas the FAR-FUTURE reports an almost balanced condition (i.e., slight negative
anomaly in the Adriatic Sea and slight positive anomaly in the Ionian Sea) in the RCP4.5
scenario and a positive anomaly all over the three GSA areas in the RCP 8.5 scenario.
Small-size spots of positive anomalies are visible in the coastal areas of the northern
Adriatic Sea in both scenarios and they are associated with the positive anomaly of
nutrients.
The increase of the RCP8.5 scenario is associated with the projected increase of
temperature (D 4.1.2). It is worth to remind that the increase of temperature influences
(i.e., by increasing) other loss terms rate (e.g., mortality, community respiration) which
over-counterbalances the increase of the primary production and produces the negative
anomaly of biomass at the end of the century.
The plots of the timeseries (Figs. 31-32) show that the general increase of NPP at surface
occurs mainly during the second half of the 21st century, whereas the initial decrease
seems associated with the negative anomalies of the nutrient concentrations observed
around the 2030s.
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Figure 27 - Mean net primary production (NPP) anomalies (mgC/m3/day) in the MID-FUTURE of the RCP4.5
scenario in the five layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m

Figure 28 - Mean net primary production (NPP) anomalies (mgC/m3/day) in the MID-FUTURE of the RCP8.5
scenario in the five layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m
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Figure 29 - Mean net primary production (NPP) anomalies (mgC/m3/day) in the FAR-FUTURE of the RCP4.5
scenario in the five layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m

Figure 30 - Mean net primary production (NPP) anomalies (mgC/m3/day) in the FAR-FUTURE of the RCP8.5
scenario in the five layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m
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Figure 31 - Annual timeseries of net primary production (NPP) anomalies (mgC/m3/day) in the three inshore
(depth less than 200 m) areas of the Adriatic-Ionian Sea: GSA17 - northern Adriatic (blue), GSA18 - southern
Adriatic (red) and GSA19 - Ionian (green). Timeseries cover the 2005-2099 period for the two emission
RCP4.5 (left) and RCP8.5 (right) scenarios.
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Figure 32 - Annual timeseries of net primary production (NPP) anomalies (mgC/m3/day) in the three offshore
(deeper than 200 m) areas of the Adriatic-Ionian Sea: GSA17 - northern Adriatic (blue), GSA18 - southern
Adriatic (red) and GSA19 - Ionian (green). Timeseries cover the 2005-2099 period for the two emission
RCP4.5 (left) and RCP8.5 (right) scenarios.
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Dissolved oxygen and bottom oxygen

The maps of anomaly of dissolved oxygen (Figs. 33-36) show the presence of a negative
decrease at the surface during the 21st century, stronger in RCP8.5 than in RCP4.5. By
the end of the century the anomaly can be down to -5/-10 mmol/m3 in the worst of the two
scenarios. On the other hand, while there is a small increase of the oxygen concentration
in the intermediate layer associated with an increase of phytoplankton biomass
concentration in the MID-FUTURE, the decrease of concentration will affect the entire
water column down to 800 m in the FAR-FUTURE.
Figs. 37-38 show the corresponding time series of the three GSA areas in their inshore
(Figs. 37) and offshore zones (Fig. 38). The plots show that the trend is monotonic during
the entire 21st century and that the decrease of dissolved oxygen affects mainly the
surface of the two basins and mainly the inshore areas (Fig. 37). The negative trend is
associated with the decrease of oxygen solubility as a response to the increase in the
seawater temperature.
Considering the oxygen concentration at the bottom of the water column in the MIDFUTURE (Figs. 39-40) and FAR-FUTURE (Figs 41-42), most of the Adriatic and Ionian
will be interested by a general decrease (e.g., negative anomaly values down to -10/-15
mmol/m3 in the worst-case scenario) which is mainly due to the combination of the
decrease of solubility at surface and the reduction of ventilation of the bottom water
masses. The southern Adriatic pit appears one of the most negatively impacted areas. A
slight positive anomaly (i.e., values of 1-2 mmol/m3) is instead foreseen in the deepest
part of the GSA19 (Ionian Sea) in the FAR-FUTURE of the RCP 4.5 scenario as a
response to water mass spatial redistribution (i.e., deep levantine water).
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Figure 33 - Mean dissolved oxygen (DOX) anomalies (mmol/m3) in the MID-FUTURE of the RCP4.5 scenario in
the five layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m

Figure 34 - Mean dissolved oxygen (DOX) anomalies (mmol/m3) in the MID-FUTURE of the RCP8.5 scenario in
the five layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m

36

Figure 35 - Mean dissolved oxygen (DOX) anomalies (mmol/m3) in the FAR-FUTURE of the RCP4.5 scenario
in the five layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m

Figure 36 - Mean dissolved oxygen (DOX) anomalies (mmol/m3) in the FAR-FUTURE of the RCP8.5 scenario
in the five layers: 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m
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Figure 37 - Annual timeseries of dissolved oxygen anomalies (mmol/m3) in the three inshore (depth less than
200 m) areas of the Adriatic-Ionian Sea: GSA17 - northern Adriatic (blue), GSA18 - southern Adriatic (red) and
GSA19 - Ionian (green). Timeseries cover the 2005-2099 period for the two emission RCP4.5 (left) and RCP8.5
(right) scenarios.
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Figure 38 - Annual timeseries of dissolved oxygen anomalies (mmol/m3) in the three offshore (deeper than
200 m) areas of the Adriatic-Ionian Sea: GSA17 - northern Adriatic (blue), GSA18 - southern Adriatic (red) and
GSA19 - Ionian (green). Timeseries cover the 2005-2099 period for the two emission RCP4.5 (left) and RCP8.5
(right) scenarios.

39

Figure 39 - Mean bottom dissolved oxygen (DOX bottom) anomalies (mmol/m3) in the MID-FUTURE of the
RCP4.5 scenario.

Figure 40 - Mean bottom dissolved oxygen (DOX bottom) anomalies (mmol/m3) in the MID-FUTURE of the
RCP8.5 scenario.
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Figure 41 - Mean bottom dissolved oxygen (DOX bottom) anomalies (mmol/m3) in the FAR-FUTURE of the
RCP4.5 scenario.

Figure 42 - Mean bottom dissolved oxygen (DOX bottom) anomalies (mmol/m3) in the FAR-FUTURE of the
RCP8.5 scenario.
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pH

The acidity measurements provided by the BFM model consists of pH in total scale
computed at the in situ condition (i.e., using temperature and pressure at the proper depth
of each domain grid cell).
The pH anomalies computed for the MID-FUTURE and FAR-FUTURE under the two
emission scenarios are shown in the maps of Figs. 43-46.
Decrease of pH proceeds constantly during the 21st century. Negative anomalies are
higher at surface rather than subsurface layers, following both the increase of
temperature and the CO2 flux from the surface and their diffusion toward the subsurface
layers.
The decrease of pH at the surface of RCP8.5 scenario, which is much stronger than
RCP4.5, reaches values down to -0.3 by the end of the century.
The Figs. 47-48 show the corresponding time series of the three sub-areas in their inshore
(Fig. 47) and offshore zones (Fig. 48). The negative tendencies are monotonic during the
entire 21st century. Considering the different areas, the decrease of pH associated with
the increase of the atmospheric CO2 affects mainly the surface of the two basins and
mainly the inshore areas (Fig.47), which appear more sensitive to the air-sea interactions.
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Figure 43 – Mean pH anomalies in the MID-FUTURE of the RCP4.5 scenario in the five layers: 0-50 m, 50-100
m, 100-200 m, 200-500 m and 500-800 m

Figure 44 – Mean pH anomalies in the MID-FUTURE of the RCP8.5 scenario in the five layers: 0-50 m, 50-100
m, 100-200 m, 200-500 m and 500-800 m
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Figure 45 – Mean pH anomalies in the FAR-FUTURE of the RCP4.5 scenario in the five layers: 0-50 m, 50-100
m, 100-200 m, 200-500 m and 500-800 m

Figure 46 – Mean pH anomalies in the FAR-FUTURE of the RCP8.5 scenario in the five layers: 0-50 m, 50-100
m, 100-200 m, 200-500 m and 500-800 m
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Figure 47 - Annual timeseries of pH anomalies in the three inshore (depth less than 200 m) areas of the
Adriatic-Ionian Sea: GSA17 - northern Adriatic (blue), GSA18 - southern Adriatic (red) and GSA19 - Ionian
(green). Timeseries cover the 2005-2099 period for the two emission RCP4.5 (left) and RCP8.5 (right)
scenarios
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Figure 48 - Annual timeseries of pH anomalies in the three offshore (depth greater than 200 m) areas of the
Adriatic-Ionian Sea: GSA17 - northern Adriatic (blue), GSA18 - southern Adriatic (red) and GSA19 - Ionian
(green). Timeseries cover the 2005-2099 period for the two emission RCP4.5 (left) and RCP8.5 (right)
scenarios.
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Near Future evolution of biogeochemical variables

Mean values of the biogeochemical variables for the 5-year intervals of the next two
decades and for the MID-FUTURE and FAR-FUTURE periods are reported in the
following tables.

Table 1 - Mean values of dissolved inorganic nitrogen for the present condition (bold font), for the 5-year
intervals of the next two decades and for the MID-FUTURE and FAR-FUTURE periods. For each time period in
the future, both the RCP4.5 (normal font) and RCP8.5 (italic font) scenarios have been considered. Data have
been subdivided into the three GSA areas: northern Adriatic (ADR1 - GSA17), southern Adriatic (ADR2 GSA18) and Ionian (ION - GSA19). For each area, five layers with increasing depth (0-50 m, 50-100 m, 100-200
m, 200-500 m, 500-800 m) have been considered.

47

Table 2 - Same as Table 1, for phosphate.

Table 3 - Same as Table 1, for phytoplankton biomass.
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Table 4 - Same as Table 1, for chlorophyll.

Table 5 - Same as Table 1, for net primary production.
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Table 6 - Same as Table 1, for dissolved oxygen.

Table 7 - Same as Table 1, for seawater acidity.
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Dataset and file format of biogeochemical variables

The original data from the two simulations have been processed as described in the
previous sections. The resulting statistics have been organized in NetCDF files for the
specific implementation of the integrated platform of WP4. The chosen standard
(NetCDF) allows for a widespread use of the results in all FAIRSEA work packages. In
fact, NetCDF (Network Common Data Form) files are self-describing (i.e., they include
information about the data they contain), architecture-independent (i.e., they can be
accessed by computers with different ways of storing integers, characters, and floatingpoint numbers), appendable (i.e., data can be easily appended to a NetCDF dataset) and
sharable (i.e., multiple users can simultaneously access the same NetCDF file). NetCDF
data can be browsed and analyzed through a number of software, like NCO, IDL,
MATLAB, PYTHON, cdo, and ncl.
In the dataset some files are named X_PERIOD_SCENARIO.nc where X can be DIN
(dissolved nitrogen), N1p (phosphate), O2o (dissolved oxygen), PH (pH), ppn (net
primary production), PC (phytoplankton carbon biomass), P_l (chlorophyll-a), R6c
(particulate organic carbon or POC) and ZC (zooplankton carbon biomass), PERIOD can
be 2021-2025, 2026-2030, 2031-2040, 2040-2059 and 2080-2099 while SCEN is the
scenario (RCP4.5 and RCP8.5) .Each file contains the 2D annual anomaly X_ANOM
between 0-50 m (for example anom_0m_50m), between 50-100 m (for example
anom_50m_100m), between 100-200 m (for example anom_100m_200m), between 200500 m (for example anom_200m_500m) and between 500-800 m (for example
anom_500m_800m), the 2D standard deviation of the anomaly (for example
std_0m_50m) and the 2D annual mean (for example mean_0m_50m) . The latter is
defined as X_ANOM+X_REA where X_REA is the value of X already discussed in the
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deliverable of the present state 4.2.1. Each file has a dimension of 3 MB. Table 8 shows
the dimensions and variables included in the NetCDF files.
SIZE

VARIABLES

lon=144

NAME

lat=176

DIMENSIONS

TYPE

Lon

lon

Float32

Lat

lat

Float32

mean_0m_50m

lat, lon

double

mean_50m_100m

lat, lon

double

mean_100m_200m

lat, lon

double

mean_200m_500m

lat, lon

double

mean_500m_800m

lat, lon

double

anom_0m_50m

lat, lon

double

anom_50m_100m

lat, lon

double

anom_100m_200m

lat, lon

double

anom_200m_500m

lat, lon

double

anom_500m_800m

lat, lon

double

std_0m_50m

lat, lon

double

std_50m_100m

lat, lon

double

std_100m_200m

lat, lon

double

std_200m_500m

lat, lon

double

std_500m_800m

lat, lon

double

Table 8 - Dimensions and variables included in the NetCDF files
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In the dataset, some other files are named Xbottom_PERIOD_SCEN.nc where X can be
O2o, dissolved oxygen at the bottom, PERIOD can be 2021-2025, 2026-2030, 20312040, 2040-2059 and 2080-2099 while SCEN is the scenario (RCP4.5 and RCP8.5).
Each file contains the 2D annual anomaly for X at the bottom, its standard deviation and
the annual mean defined as X_ANOM+X_REA where X_REA is discussed in the
deliverable of the present climate 4.1.1 and 4.2.1 . Each file has a size of 0.8 MB. Table
9 shows the dimensions and variables included in these NetCDF files.
SIZE
lon=144
lat=176

VARIABLES
NAME

DIMENSIONS

TYPE

Lon

lon

Float32

Lat

lat

Float32

mean

lat, lon

double

std

lat, lon

double

anom

lat, lon

double

Table 9 - Dimensions and variables included in the NetCDF files
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