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S1 Additional information on biogeochemical
models

The marine biogeochemistry models used present similar complexity but still
have different implementations. Table S1 displays the main components of these
models, including the plankton functional types, the nutrients, as well as the or-
ganic detrital pool. Beyond these structural differences, these models also differ

Model Elements Detrital
organic
fraction

Biology Reference

N P Si Fe C O2 PhytoplanktonZooplankton

PISCES-
v2
(IPSL-
CM6A-LR)

✓ ✓ ✓ ✓ ✓ ✓ 3 cat. Diatoms,
Nanophyto.

Microzoo.,
Mesozoo.

Aumont et al.
(2015)

BFM5.2
(CMCC-
ESM2)

✓ ✓ ✓ ✓ ✓ ✓ 3 cat. Diatoms,
Nanophyto.

Microzoo.,
Mesozoo.

Vichi et al. (2015);
Lovato et al. (2022)

MARBL
(CESM2)

✓ ✓ ✓ ✓ ✓ ✓ 6 cat. Diatoms,
Diazotrophs,
Nano/picophyto.

Zoo. Long et al. (2021)

CanOE
(CanESM5-
CanOE)

✓ ✓ ✓ ✓ 2 cat. Large phyto.,
Small phyto.

Large zoo.,
Small zoo.

Christian et al.
(2021)

MEDUSA-
2.0
(UKESM1-
0-LL)

✓ ✓ ✓ ✓ ✓ 2 cat. Diatoms,
Picophyto.

Microzoo.,
Mesozoo.

Yool et al. (2013)

OECO2
(MIROC-
ES2L)

✓ ✓ ✓ ✓ ✓ 1 cat. (Flux
Attenuation)

Non-
diazotroph
phyto.,
Diazotrophs

Zoo. Hajima et al.
(2020); Séférian
et al. (2020)

Table S1: Table detailing for each biogeochemical model the nutrients, detrital
organic fractions, and plankton functional types modelled

in their parameterizations. The biogeochemical cycles, although representing
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the same fundamental processes, may differ in their mathematical implemen-
tation. Nutrient sources vary between models, as do the equations governing
biological processes and the sedimentation of organic matter. Séférian et al.
(2020) presents in its second table a detailed overview of the different exter-
nal nutrient sources implemented in biogeochemical models. The CMCC-ESM2
model may be missing from this research, yet we can still observe the substantial
variations in our model selection. The UKESM1-0-LL model is distinguished
by the absence of external nutrient sources. In contrast, CanESM5-CanOE in-
tegrates inputs via sediments and atmospheric deposition, but only for iron.
The IPSL-CM6A-LR and CESM2 models present a greater diversity of sources,
including not only atmospheric deposition but also riverine inputs for nitro-
gen, phosphorus, and iron. Moreover, in these latter two models, atmospheric
deposition contributes to nitrogen input, and in the specific case of CESM2,
silica and phosphorus as well. The MIROC-ES2L model with OECO2 incorpo-
rates iron input from sediments, iron and nitrogen from atmospheric deposition,
and nitrogen and phosphorus from riverine sources. Regarding CMCC-ESM2,
Lovato and Butenschön (2020) indicates that this model incorporates riverine
inputs for phosphorus, nitrogen, and iron, as well as atmospheric deposition for
iron.
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S2 Supplementary Figures

3



Figure S1: Example of causal graph. Edges (colored arrows) correspond to a
causality link with an intensity and a potential lag. The intensity can be pos-
itive (red) or negative (blue). In the main article, the nodes (A,B,C and D)
correspond to oceanic, atmospheric and biogeochemical variables. This concep-
tual example shows direct links between A and B, and between B and D. While
there is no direct link between A and D in the causal graph, A influences D
indirectly through B. Some variables can be isolated from others with no causal
links. In this example, C is isolated from the other variables.”
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Figure S2: The subpolar gyre and its variability among the 5 Earth System
models. Left column: “std gyre” indicating variability expressed by the standard
deviation of appearance. The points in red are the points varying the most.
Right column: the“mean gyre” metrics indicating, in percentage, how often
each point is considered as part of the gyre. A grid point having 100% indicates
that for each time step this point is part of the gyre. Map credit: NASA-Visible
Earth: The Blue Marble Land Surface, Ocean Color and Sea Ice
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Figure S3: Sea Level Pressure poles used for the computation of the North
Atlantic Oscillation index. In red the high pressure pole and in blue the low
pressure one.

Figure S4: Most similar (a) and dissimilar (b) models compared to CMCC-
ESM2 based on the dissimilarity metric in Eq.2. The inner circle indicates the
variable, the middle circle shows each variable’s variant depending on which
nutrient is considered(“ no3” for nitrate,“ dfe” for dissolved iron, “ si” for sili-
cate and “ po4” for phosphate). The outer circle indicates the most similar or
dissimilar model. The color scale in the inner and middle circles represents the
dissimilarity intensity, while the outer circle’s color identifies the most similar
or dissimilar model
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Figure S5: Same as S4 but for CESM2.

Figure S6: Same as S4 but for CanESM5-CanOE.
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Figure S7: Same as S4 but for UKESM1-0-LL.

Figure S8: Same as S4 but for MIROC-ES2L.

8



Figure S9: Additional physical interactions: Strength of links for each model
with median and quartile values (boxplot). Each model is represented with
a different marker and the color of the marker shows the significance of the
link according to PCMCI+ (green for significant and red for not significant).
Boxplots highlighted in red indicate model agreement.
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