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1. Figures S1 to S10
Figures
The panels in the Fig.S1-S10 use the following abbreviations: “free 1-way”: free run of

the one-way coupled model, “free 2-way”: free run of the two-way coupled model, “phys
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DA 1-way”: physical data assimilation into the one-way coupled model, “phys DA 2-way”:
physical data assimilation into the two-way coupled model, “chl DA 1-way”: chlorophyll
assimilation into the one-way coupled model, “chl DA 2-way”: chlorophyll assimilation
into the two-way coupled model, “phys+chl DA 1-way”: joint physical data - chlorophyll
assimilation into the one-way coupled model, “phys+4chl DA 2-way”: joint physical data

- chlorophyll assimilation into the two-way coupled model.
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Figure S1.  The locations of the 2018 in situ data used both for the assimilation and the
validation. The panel A shows the locations of the AlterEco glider measurements and the bottom
panel B shows the locations of the EN4 data for temperature and salinity. The EN4 data located
outside of the NWE Shelf (bounded by the black line) were used only for assimilation, not for

validation.
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Figure S2. The panel A shows Hovmoller diagram (time on the x-axis vs depth on the y-axis)
for the temperature (C) of the one-way coupled free run (”free 1-way” ), where the values for each
day and depth represent the horizontal spatial averages throughout the NWE Shelf (bathymetry
< 200m). Panels B-F show the same Hovméller diagrams, but for the differences between the
two-way coupled, or assimilative runs and the reference, free one-way coupled model run. The
purpose of the panels B-F is to provide an understanding of how the bio-optical module and the
assimilative model components influence the temperature of the reference free one-way coupled

run. The yellow lines in the panels D-F show the MLD of the physical data assimilative runs to

indicate the vertical scale of impact of the SST assimilation.
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Figure S3. The 2018 time-series of SST averaged throughout the NWE Shelf compared between
the different one-way, two-way coupled, free, or assimilative simulations and the VIIRS/in situ
data. Panel A compares the different one-way coupled runs, i.e. the one-way coupled free run
with the physical data assimilative run, panel B compares the different two-way coupled runs, i.e.
the two-way coupled free run with the physical data assimilative run, the chlorophyll assimilative
run and the run assimilating both physical data and chlorophyll. To consistently compare the
model simulations with the VIIRS/in situ SST, the model outputs were masked wherever there
were missing satellite data. The missing satellite data are due to the movements of clouds
and atmospheric disturbances and the missing values are responsible for the small time-scale
fluctuations in the different curves shown in the three panels. We do not show the one-way
coupled runs assimilating chlorophyll, as those have by definition no impact on the simulated

temperature.

April 8, 2021, 9:32am



A) January-March 2018 B) April-June 2018
07 m—jpm free 2-way 3 01 e free 2-way
== phys DA l-way == phys DA 1-way
20 4 g phys DA 2-way 20 4 b phys DA 2-way
=8= chl DA 2-way =@= chl DA 2-way
phys+chl DA 2-way phys+chl DA 2-way
E 404 T 404
£ £
o =
2 60 - 2 60
80 - 80 f
| {
100 + 1 100
T U T T ' T
0.6 0.3 0 03 06 0.6 0.3 0 03 06
C) July-September 2018 D) October-December 2018
07 01 e free 2-way
== phys DA 1-way
20 20 mipgem phys DA 2-way
=@= chl DA 2-way
phys+chl DA 2-way
E 404 E 404
] I £
[=% =%
& 60 - 1 2 60 1
1 e free 2-way 1
== phys DA l-way
801 : miplem phys DA 2-way 80 1 :
1 == chl DA 2-way 1
| phys+chl DA 2-way i
100 : ! : 100 : ! :
0.6 0.3 0 03 0.6 0.6 0.3 0 03 0.6
Temperature (°C) Temperature (°C)

Figure S4. The seasonal differences in temperature (x-axis, °C) between the two-way coupled,
or assimilative runs and the reference, one-way coupled free run. The differences are shown as a

function of depth (y-axis, m), and averaged throughout the seasonal period and the NWE Shelf.
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Figure S5. The 2018 time-series of surface chlorophyll a concentrations (mg/m?) averaged
throughout the NWE Shelf compared between the different one-way, two-way coupled, free, or
assimilative simulations and the satellite data, as well as with the NSBC climatological data-
set. Panel A compares the different one-way coupled runs, i.e. the one-way coupled free run
with the physical data assimilative run, the chlorophyll assimilative run and the joint physical
data-chlorophyll assimilative run, panel B compares the different two-way coupled runs, i.e. the
two-way coupled free run with the physical data assimilative run, the chlorophyll assimilative
run and the joint physical data-chlorophyll assimilative run. The chlorophyll assimilative run
from both panels A and B is hard to see, as the line is nearly identical with the joint physical-
chlorophyll assimilative run. The satellite data were considered only in the March-September
period as the data outside this period are scarce and limited only to the southern part of the
NWE domain. The small time-scale fluctuations in the satellite data are due to the missing
values caused by the movement of clouds and atmospheric disturbances.
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Figure S6. Panel A shows the mixed layer depth (MLD, in m) of the one-way coupled free
run (the reference run). The MLD values are averaged for the spring bloom period between
March-May 2018. The panels B-F show the relative changes (relative to the one-way coupled
free reference run, in m) in MLD carried by the two-way coupled free run (panel B), chlorophyll
assimilation into the two-way coupled model (panel C), physical data assimilation into the one-
way coupled (panel D) and into the two-way coupled model (panel E) and the joint physical
data-chlorophyll assimilation into the two-way coupled model (panel F). All panels B-F show the
difference between the MLD of the specific two-way coupled, or assimilative simulation and the
one-way coupled free run (panel A). The black line shows the boundary of the continental shelf

(bathymetry < 200m).
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A} 55T, free 2-way - VIIRS/in situ B) 55T, chl DA 2-way - VIIRS/in situ

Figure S7. The model to VIIRS/in situ SST differences in °C. The differences are shown for
the: free two-way coupled model (panel A), physical data assimilation into the two-way coupled
model (panel B), chlorophyll assimilation into the two-way coupled model (panel C), and joint

physical data-chlorophyll assimilation into the two-way coupled model (panel D).
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Figure S8. Hovmoller diagram for chlorophyll concentrations (mg/m?3) measured by the Cabot
glider in the central North Sea during an early May to mid-August 2018 mission. The right-hand
panels (B,D,F H) show the chlorophyll differences between the free one-way coupled model run
(panel B), free two-way coupled model run (panel D), the physical data assimilation into the
one-way coupled model (panel F), the physical data assimilation into the two-way coupled model
(panel H), and the Cabot glider observations (model minus glider). The left hand panels show
the differences between the observations, or model simulations and the reference, free one-way
coupled model run. The purpose of the left-hand panels is to show the desired changes to the
one-way coupled model (panel A) and how these changes are realized by the biogeochemical

feedback in the free run (panel C) and in the physical data-assimilative runs (panels E and G).
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Figure S9. Impact of two-way coupling and assimilation on the simulated chlorophyll concen-

trations (mg/m3). The panel A shows Hovmoller diagram (time on the x-axis vs depth on the

y-axis) for the one-way coupled model free run, where the values for each day and depth repre-

sent the horizontal spatial averages throughout the NWE Shelf (bathymetry < 200m). Panels

B-H show the same Hovmoller diagrams, but for the differences between the two-way coupled,

or assimilative runs and the reference, free one-way coupled run. The yellow lines in the panels

E-H show the mixed layer depth, providing the boundary of the region in which the ocean color

assimilation directly updates the simulated chlorophyll.
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Figure S10. The 2018 mean surface chlorophyll concentrations (in mg/m?®). The different
panels compare: the one-way coupled model free run (panel A), the two-way coupled model
free run (panel B), the physical data assimilation into the one-way coupled model (panel C), the
physical data assimilation into the two-way coupled model (panel D), the chlorophyll assimilation
into the one-way coupled model (panel E), the chlorophyll assimilation into the two-way coupled
model (panel F), the joint physical data-chlorophyll assimilation into the one-way coupled model
(panel G), the joint physical data-chlorophyll assimilation into the two-way coupled model (panel
H), and the assimilated satellite ocean color observations (panel I). The black line shows the

continental shelf boundary (bathymetry j 200m).
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