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S1 Ensemble validation

Since climate models do not necessarily reproduce the climate system’s phase, a direct point-to-point comparison with
observations is not appropriate, conversely, comparing model- and observation-based climatologies is a more appropriate
validation practice (Sellar et al., 2020; Yool et al., 2021). Model results are assessed against the North Sea Biogeochemical
Climatology (NSBC) dataset (Hinrichs et al., 2017). This dataset covers the region 47° - 65 °N and 15 °W - 15 °E (roughly
the NWES minus the Armorican Sea) for the period 1960-2014 and collates observational data for multiple physical and
biogeochemical variables. Data are quality controlled and come in the form of optimally interpolated 3D-fields.

Model-based climatologies were computed over the 1990-2005 period as 2005 is the last year of historical simulation within
the CMIP5 models. As validation metrics we considered normalised bias, nbias, and normalised unbiased root mean squared

distance, nurmsd (Jolliff et al., 2009);

nbias=Hm_Hr ’"G_rp : (eq. S1)
_signfo, -0, [1 &, Y
nurmsd =————"—"14| =" ((mi p,)—r, pr)) (eq. S2)
o, N 5

Where p and ¢ are mean and standard deviation of model (m) and reference (r, observation) fields. nbias and nurmsd were
computed for each sub-basin of the NEWS (Fig. 1). N is the number of grid points in each sub-basin. The sign() operator in
nurmsd provides information on whether the model's ¢ is larger (nurmsd>0) or smaller (nurmsd<0) than than the reference
field's. Normalisation of both metrics (division by ©,) aims at facilitating the comparison across ensemble members and

variables.
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Fig. S1. Validation results. Plots show normalised bias (nbias) vs normalised unbiased root mean squared distance (nurmsd)
for selected variables in the three ensemble members and in different model subdomains. A perfect fit would sit at the origin

(0.0, 0.0).

Validation results are shown in Fig. S1. HADGEM overestimates both surface and near-bed temperature over most of the
domain (nbias up to 0.75¢ and nurmsd higher than the other members). IPSL and GFDL perform better with nbias generally
within +£0.250 and nurmsd generally within 0.5c for surface values but greater for bottom values. Of the two IPSL performs
better, especially for surface values. Surface salinity (here analysed because of its relatiaon to stratification) is well
represented in both the HADGEM and IPSL, with nbias, nurmsd values generally within 0.56. GFDL instead overestimates
surface salinity with nbias between 3 and 4c in the Channel, Irish Sea, Shetland and Celtic Sea. Surface chlorophyll-a (here
considered as a proxy for primary production) is fairly well represented in all models (nbias values always within £15). On
average HADGEM overestimates surface chlorophyll, while IPSL and GFDL underestimate it, although this is not consistent
across all subdomains. nurmsd values range approximately between 1 and 5o, but normally within 2.5c, and comparable
across models. Near-bed oxygen is underestimated in HADGEM (nbias generally within -2c, nurmsd between 0.5 and 20).
IPSL and GFDL perform better, with positive nbias around +1c and nurmsd between 0.5 and 2c. Finally, nurmsd values are

generally positive, meaning that the models’ ¢ is almost always larger than that of the NSBC dataset (observations).
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S2. Relation between metrics of oxygen change decomposition
In this study we used the following decomposition of oxygen change where O, is dissolved oxygen, O, is the saturation
concentration and SS the saturation state, and the subscripts t and t0 are the final and initial time points of the interval over

which the difference A is calculated:

AO,=55,,A0, ., +0, ... ,ASS+AO, . ASS (eq. S3)

Alternatively oxygen change can be partitioned using the classical Apparent Oxygen Utilisation (AOU) metric (Duteil et al.
2013), which is defined as,

AOU=0, ,—0,=0,,[1-SS| (eq. S4)
hence,
A0,=A0, ,,—AAOU (eq. S5)

since O, =SS Oy, AAOU can be further decomposed,

AAOU =(1- 58,0/ A0, ,+ 0, i (0 Al1=SS|+ A0, ,, Al1-SS| (eq. S6)

The last terms in eq. S3 and eq. S6 are second order terms, they are strictly negligible when dealing with infinitesimals but
not necessarily so for differentials. However, they usually are small compared to the other terms therefore we will neglect
them from here on.

By substituting eq. S6 in eq. S5 and combining with eq. S3, and remembering that —A(1 — SS) = ASS, we get:
SS[O Aoz,sat+ OZ,sat,to ASS = AOZ,sat+( SStO - ]') AOZ, sat+OZ, sat,t0 ASS (eq~ S7)

By rearranging the first two terms on the right we obtain the first term on the left, hence the two decompositions are
equivalent.

Furthermore, from eq. 6 we can re-write AAOU as,



AAOU:(]'_SSIO)AOZ,saI_O2,sat,tOASS (eq. 88)
100 In this region, the first term, (1-SS)AOx 15 usually small at the annual scale (figure S2), and therefore the two approaches

are largely equivalent.
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Figure S2: 30 years mean of the two terms constituting AAOU (from eq. 8)
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S3. Present and future T, SAL, O,, Oy, SS.
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Fig. S3. Near-bed temperature (T) under present (mean of 1990-2019) and future (mean of 2070-2099) reference periods.
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Fig. S4. Near-bed salinity (SAL) under present (mean of 1990-2019) and future (mean of 2070-2099) reference periods.
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155  Fig. S5. Near-bed O, concentration under present (mean of 1990-2019) and future (mean of 2070-2099) reference periods.
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Fig. S6. Near-bed oxygen solubility (O under present (mean of 1990-2019) and future (mean of 2070-2099) reference

periods.
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Fig. S7. Near-bed oxygen saturation state (SS) under present (mean of 1990-2019) and future (mean 2070-2099) reference

periods.
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